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The bacteria that cause anthrax (green) are being enveloped by an immune system phagocytic cell (purple). These bacteria live
in soil and form dormant spores that can survive for decades. When spores enter humans through the respiratory or gastro-
intestinal tracts or the skin, they germinate to bacilli and rapidly increase in number. Phagocytic cells of the host immune
system are essential for ingesting and killing the bacteria, and this is enhanced after vaccination. This is but one example to
illustrate the important interactions between pathogens and the infected host’s immune system.

Photograph: Courtesy of Sarah Guilman, Camenzind G. Robinson, and Arthur M. Friedlander, US Army Medical Research
Institute of Infectious Diseases, Fort Detrick, Maryland.



MEDICAL ASPECTS oF
BIOLOGICAL WARFARE

Senior Editors

JorL Bozug, PHD
Division of Bacteriology
US Army Medical Research Institute of Infectious Diseases

CuristorHER K. Cotg, PuHD
Division of Bacteriology
US Army Medical Research Institute of Infectious Diseases

Pamera J. Grass, PuD
Viral Biology Department, Virology Division
US Army Medical Research Institute of Infectious Diseases

Office of The Surgeon General
Borden Institute
US Army Medical Department Center and School
Health Readiness Center of Excellence
Fort Sam Houston, Texas

2018



Editorial Staff:  Joan Redding Marcia Metzgar

Senior Production Editor Volume Editor
Vivian Mason Ronda Lindsay
Volume Editor Technical Editor
Douglas Wise

Senior Layout Editor

This volume was prepared for military medical educational use. The focus of the information is
to foster discussion that may form the basis of doctrine and policy. The opinions or assertions
contained herein are the private views of the authors and are not to be construed as official or as
reflecting the views of the Department of the Army or the Department of Defense.

Dosage Selection:

The authors and publisher have made every effort to ensure the accuracy of dosages cited herein.
However, it is the responsibility of every practitioner to consult appropriate information sources
to ascertain correct dosages for each clinical situation, especially for new or unfamiliar drugs
and procedures. The authors, editors, publisher, and the Department of Defense cannot be held
responsible for any errors found in this book.

Use of Trade or Brand Names:

Use of trade or brand names in this publication is for illustrative purposes only and does not
imply endorsement by the Department of Defense.

Neutral Language:

Unless this publication states otherwise, masculine nouns and pronouns do not refer exclusively
to men.

CERTAIN PARTS OF THIS PUBLICATION PERTAIN TO COPYRIGHT RESTRICTIONS.
ALL RIGHTS RESERVED.

NO COPYRIGHTED PARTS OF THIS PUBLICATION MAY BE REPRODUCED OR
TRANSMITTED IN ANY FORM OR BY ANY MEANS, ELECTRONIC OR MECHANICAL (IN-
CLUDING PHOTOCOPY, RECORDING, OR ANY INFORMATION STORAGE AND RETRIEVAL
SYSTEM), WITHOUT PERMISSION IN WRITING FROM THE PUBLISHER OR COPYRIGHT
OWNER.

Published by the Office of The Surgeon General
Borden Institute

US Army Medical Department Center and School
Health Readiness Center of Excellence

Fort Sam Houston, Texas

Library of Congress Cataloging-in-Publication Data

Names: Bozue, Joel, editor. | Cote, Christopher K., editor. | Glass, Pamela
J., editor. | Borden Institute (U.S.), issuing body.

Title: Medical aspects of biological warfare / senior editors, Joel Bozue,
Christopher K. Cote, Pamela ]J. Glass.

Other titles: Textbooks of military medicine.

Description: 2. | Fort Sam Houston, Texas : Office of the Surgeon General,
Borden Institute, US Army Medical Department Center and School, Health
Readiness Center of Excellence, 2018. | Series: Textbooks of military
medicine | Includes bibliographical references and index.

Identifiers: LCCN 2017057681 | ISBN 9780160941597

Subjects: | MESH: Bioterrorism--prevention & control | Communicable Disease
Control--methods | Military Medicine--methods

Classification: LCC RC971 | NLM WA 295 | DDC 616.9/8023--dc23 LC record available at Caution-https://

lcen.loc.gov/2017057681

PRINTED IN THE UNITED STATES OF AMERICA
25, 24, 23, 22, 21, 20, 19, 18 54321



Contents

Contributors

Peer Reviewers

Foreword by The Surgeon General

Preface
1. Historical Overview: From Poisoned Darts to Pan-Hazard Preparedness
George W. Christopher, Daniel M. Gerstein, Edward M. Eitzen, and James W. Martin
2. Epidemiology of Biowarfare and Bioterrorism
Zygmunt F. Dembek, Julie A. Pavlin, Martina Siwek, and Mark G. Kortepeter
3. Food, Waterborne, and Agricultural Diseases
Zygmunt F. Dembek, and Edwin L. Anderson
4. Consequence Management: The Local and National Response
Neal E. Woollen, and Gary W. Carter
5. Medical Management of Potential Biological Casualties: A Stepwise Approach
Theodore J. Cieslak
6. Anthrax
Bret K. Purcell, Christopher K. Cote, Patricia L. Worsham, and Arthur M. Friedlander
7. Brucellosis
Bret K. Purcell, R. Martin Roop II, Arthur M. Friedlander, and David L. Hoover
8. Glanders
Susan L. Welkos, Bridget Carr Gregory, David M. Waag, and Mary N. Burtnick
9. Melioidosis
Paul J. Brett, David DeShazer, and Nicholas J. Vietri
10. Plague
Patricia L. Worsham, Thomas W. McGovern, Nicholas J. Vietri, Arthur M. Friedlander, and Joel Bozue
11. Tularemia
Matthew J. Hepburn, Todd M. Kijek, Wendy Sammons-Jackson, Arthur M. Friedlander, and
Zygmunt F. Dembek
12. Q Fever
Christina M. Farris and James E. Samuel
13. Multidrug-Resistant Bacterial Infections as a Threat to the US Military Health System:
Acinetobacter Infections as a Case Study
Emil Lesho, Luther E. Lindler, Bruno Petruccelli, and Glenn Wortmann
14. Botulinum Toxin
Zygmunt F. Dembek, Leonard A. Smith, Frank J. Lebeda, and Janice M. Rusnak
15.  Clostridium Perfringens Epsilon Toxin

Bradley G. Stiles, Gillian Barth, and Michel R. Popoff

xi

xvii

xxi

xxiii

37

71

93

109

129

159

177

223

247

285

305

321

337

361

ix



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ricin
Virginia I. Roxas-Duncan, Martha L. Hale, Jon M. Davis, John C. Gorbet, Patricia M. Legler, and
Leonard M. Smith

Staphylococcal Enterotoxin B and Related Toxins Produced by Staphylococcus Aureus and
Streptococcus Pyogenes
Kamal U. Saikh, Robert G. Ulrich, and Teresa Krakauer

Toxins from Venoms and Poisons
Scott A. Weinstein and Julian White

Marine Algal Toxins of Concern as Intentional Contaminants
Mark A. Poli and Mark R. Withers

Alphavirus Encephalitides

Shelley P. Honnold, Eric C. Mossel, Lesley C. Dupuy, Elaine M. Morazzani, Shannon S. Martin,
Mary Kate Hart, George V. Ludwig, Michael D. Parker, Jonathan F. Smith, Douglas S. Reed, and
Pamela J. Glass

Hemorrhagic Fever-Causing Mammarenaviruses
Sheli R. Radoshitzky, Jens H. Kuhn, Peter B. Jahrling, and Sina Bavari

Henipaviruses
Arnold Park, Sheli R. Radoshitzky, Jens H. Kuhn, and Benhur Lee

Filoviruses
Sheli R. Radoshitzky, Sina Bavari, Peter B. Jahrling, and Jens H. Kuhn

Smallpox and Related Orthopoxviruses
Arthur J. Goff, Sara C. Johnston, Kenny L. Lin, Peter B. Jahrling, John W. Huggins, M. Sofi Ibrahim,
James V. Lawler, and James W. Martin

Emerging Infectious Diseases and Future Threats
Chris A. Whitehouse and Brett Beitzel

Laboratory Identification of Threats
David A. Norwood, Timothy D. Minogue, Randal J. Schoepp, and Mark J. Wolcott

Medical Countermeasures
Phillip R. Pittman, Elizabeth Brown, and Matthew S. Chambers

Future Prospects of Vaccines and Antibodies in Biodefense
Jeffrey Froude I, Crystal W. Burke, and Jean-Nicolas Tournier

Aerobiology: History, Development, and Programs
Douglas S. Reed, Aysegul Nalca, and Chad J. Roy

Biosafety
David E. Harbourt, Catherine L. Wilhelmsen, Kristie M. Yeakle, and Robert ]. Hawley

Biological Surety

Samuel S. Edwin, Virginia I. Roxas-Duncan, America M. Ceralde, Shelley C. Jorgensen, and Neal E. Woollen

Ethical Issues in the Development of Drugs and Vaccines for Biodefense
Arthur O. Anderson, Jeffrey E. Stephenson, and Bret K. Purcell

Abbreviations and Acronyms

Index

373

403

415

461

479

517

547

569

615

645

701

751

823

855

869

895

915

XXV

XXX



Contributors

ARTHUR O. ANDERSON, MD

Colonel (Retired), Medical Corps, US Army; Director, Office of
Human Use and Ethics, US Army Medical Research Institute of
Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland
21702

EDWIN L. ANDERSON, MD

Colonel (Retired), Medical Corps, US Army; Research Professor,
Department of Internal Medicine, Division of Infectious Diseases,
Allergy and Immunology, Saint Louis University School of Medi-
cine, 1100 South Grand Boulevard, St. Louis, Missouri 63104

GILLIAN BARTH, BS
Veterinary Technician, Veterinary Department, Wilson College,
1015 Philadelphia Avenue, Chambersburg, Pennsylvania 17201

SINA BAVARI, PaD

Science Director, US Army Medical Research Institute of Infec-
tious Diseases, 1425 Porter Street, Room 900, Fort Detrick,
Maryland 21702; formerly, Division Chief, Toxicology Division,
US Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Room 900, Fort Detrick, Maryland

BRETT BEITZEL, PuD

Principal Investigator, Center for Genomic Sciences, US Army
Medical Research Institute of Infectious Diseases, 1425 Porter
Street, Fort Detrick, Maryland 21702

JOEL BOZUE, PhD

Microbiologist, Bacteriology Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702

PAUL J. BRETT, PuD

Associate Professor, Department of Microbiology and Immunol-
ogy, University of South Alabama, 610 Clinic Drive, Laboratory of
Infectious Diseases Building, Mobile, Alabama 36688

ELIZABETH S. BROWN, PuD

Medical-Technical Writer and Editor, Department of Clinical Re-
search, Division of Medicine, US Army Medical Research Institute
of Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland
21702

CRYSTAL W. BURKE, PuD

Research Microbiolgoist, Virology Division, US Army Medical
Research Institute of Infectious Diseases, 1425 Porter Street, Room
6, Fort Detrick, Maryland 21702

MARY N. BURTNICK, PuD

Assistant Professor, Department of Microbiology and Immunolo-
gy, University of South Alabama, 5851 USA Drive North, Medical
Science Building, Mobile, Alabama 36688

GARY W. CARTER
Director, Field Operations and Training, National Strategic Re-
search Institute, 3925 Dewey Avenue, Omaha, Nebraska 68198

AMERICA M. CERALDE, MBA, MT(AMT)

Alternate Surety Officer and Chief, Personnel Reliability Program
Branch, Biosurety Division, US Army Medical Research Institute
of Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland
21702

MATTHEW S. CHAMBERS, MD, MPH

Lieutenant Colonel, Medical Corps, US Army; Chief, Preventive
Medicine, Fort Wainwright, 4077 Neely Road, Fort Wainwright,
Alaska 99703; formerly, Chief, Field Studies, Division of Medi-
cine, US Army Medical Research Institute of Infectious Diseases,
1425 Porter Street, Fort Detrick, Maryland

GEORGE W. CHRISTOPHER, MD, FACP

Lieutenant Colonel (Retired), Medical Corps, US Air Force; Chief
Medical Officer, Joint Project Manager-Medical Countermeasure
Systems (JPM-MCS), 10109 Gridley Road, Building 314, 2nd
Floor, Fort Belvoir, Virginia 22060-5865

THEODORE J. CIESLAK, MD

Colonel, Medical Corps, US Army; Pediatric Infectious Diseases
Physician, San Antonio Military Medical Center, Department of
Pediatrics, 3551 Roger Brooke Drive, Fort Sam Houston, Texas,
78234

CHRISTOPHER K. COTE, PuD

Principal Investigator, Division of Bacteriology, US Army Medical
Research Institute of Infectious Diseases, 1425 Porter Street, Fort
Detrick, Maryland 21702

JON M. DAVIS, PuD

Lieutenant Colonel, Medical Service Corps, US Army; Depart-
ment of Defense Liaison to the ASPR, Department of Health
and Human Services, 200 C Street, SW, Washington, DC 20024;
formerly, Deputy Medical Coordinator, Office of the Assistant
Secretary of Defense for Nuclear, Chemical, and Biological De-
fense, 3050 Defense Pentagon, Washington, DC

ZYGMUNT F. DEMBEK, PuD, MS, MPH, LHD

Colonel (Retired), Medical Service Corps, US Army Reserve; As-
sociate Professor, Department of Military and Emergency Medi-
cine, Uniformed Services University of the Health Sciences, 4301
Jones Bridge Road, Bethesda, Maryland 20814; formerly, Chief
Biodefense Epidemiology and Education & Training Programs,
Division of Medicine, US Army Medical Research Institute of
Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland

DAVID DeSHAZER, PuD

Microbiologist, Bacteriology Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702

LESLEY C. DUPUY, PuD

Microbiologist, Virology Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702

SAMUEL S. EDWIN, PaD

Responsible Official and Surety Officer; Chief, Biosurety Division,
US Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland 21702

Xi



EDWARD M. EITZEN, MD, MPH

Colonel (Retired), Medical Corps, US Army; Senior Partner,
Biodefense and Public Health Programs, Martin-Blanck and As-
sociates, 2034 Eisenhower Avenue, Suite 270, Alexandria, Virginia
22314-4678; formerly, Commander, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland

CHRISTINA M. FARRIS, PuD

Lieutenant, Medical Service Corps, US Navy; Viral and Rickettsial
Diseases Department, Naval Medical Research Center, 503 Robert
Grant Avenue, Silver Spring, Maryland 20910

ARTHUR M. FRIEDLANDER, MD

Colonel (Retired), Medical Corps, US Army; Senior Scientist, US
Army Medical Research Institute of Infectious Diseases, 1425 Por-
ter Street, Fort Detrick, Maryland 21702, and Adjunct Professor of
Medicine, Uniformed Services University of the Health Sciences,
4301 Jones Bridge Road, Bethesda, Maryland 20814

JEFFREY FROUDEII, PuD

Clinical Pharmacology Fellow, Experimental Therapeutics Divi-
sion, Walter Reed Institute of Research, 503 Robert Grant Avenue,
Silver Spring, Maryland 21702

DANIEL M. GERSTEIN, PaD

Colonel (Retired), US Army; Adjunct Professor, School of Interna-
tional Studies, American University, 4400 Massachusetts Avenue,
NW, Washington, DC 20016; formerly, Undersecretary (Acting)
and Deputy Undersecretary, Science and Technology Directorate,
Department of Homeland Security, Washington DC

PAMELA J. GLASS, PuD

Chief, Viral Biology Department, Virology Division, US Army
Medical Research Institute of Infectious Diseases, 1425 Porter
Street, Fort Detrick, Maryland 21702

ARTHUR J. GOFF, PuD

Research Microbiologist, Department of Virology, US Army
Medical Research Institute of Infectious Diseases, 1425 Porter
Street, Fort Detrick, Maryland 21702

JOHN C. GORBET, PuD

Captain, Medical Service Corps, US Army; Chief, Department of
Aerosol Services, US Army Medical Research Institute of Infec-
tious Diseases, 1425 Porter Street, Fort Detrick, Maryland 21702

BRIDGET CARR GREGORY, DVM, MPH

Colonel, US Air Force, Biomedical Sciences Corps; Deputy Chief
of Staff, Defense Threat Reduction Agency/Strategic Command
Center for Combating Weapons of Mass Destruction, 8725 John
J. Kingman Road, Fort Belvoir, Virginia 22060; formerly, Chief,
Education and Training, Division of Medicine, US Army Medical
Research Institute of Infectious Diseases, 1425 Porter Street, Fort
Detrick, Maryland

MARTHA L. HALE, PuD

Research Microbiologist, Integrated Toxicology Division, US
Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland 21702

DAVID E. HARBOURT, PuD, SM(NRCM), RBP
Biosafety Officer, Office of Safety, Radiation, and Environment,
US Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland 21702; formerly, Fellow, Na-
tional Biosafety and Biocontainment Training Program, National
Institutes of Health, 13 South Drive, Bethesda, Maryland

xii

MARY KATE HART, PuD

Chief Scientific Officer, Dynport Vaccine Company, 64 Thomas
Johnson Drive, Frederick, Maryland 21702; formerly, Chief, Virol-
ogy Division, US Army Medical Research Institute of Infectious
Diseases, 1425 Porter Street, Fort Detrick, Maryland

ROBERT J. HAWLEY, PuD, RBP, CBSP

Consultant, Biological Safety and Security, Alliance Biosci-
ences, 6810 Deerpath Road, Suite 315, Elkridge, Maryland 21075;
formerly Senior Advisor, Science, Midwest Research Institute,
110 Thomas Johnson Drive, Suite 170, Frederick, Maryland; for-
merly, Chief, Safety and Radiation Protection, US Army Medical
Research Institute of Infectious Diseases, 1425 Porter Street, Fort
Detrick, Maryland

MATTHEW J. HEPBURN, MD

Colonel, MC, US Army; Program Manager, Biological Technolo-
gies Office, Defense Advanced Research Projects Agency (DAR-
PA), 675 North Randolph Street, Room 08-140, Arlington, Virginia
22203-2114; formerly, Clinical Research Unit Lead, US Army Medi-
cal Research Institute of Infectious Diseases, 1425 Porter Street,
Fort Detrick, Maryland

SHELLEY P. HONNOLD, DVM, PuD

Lieutenant Colonel, Veterinary Corps, US Army; Director, Re-
search Support and Chief, Pathology Division, US Army Medi-
cal Research Institute of Infectious Diseases, 1425 Porter Street,
Fort Detrick, Maryland 21702; formerly, Biodefense Research
Pathologist, Pathology Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland

DAVID L. HOOVER, MD

Colonel (Retired), Medical Corps, US Army; Senior Scientific Ad-
visor, Clinical Research Management, 1265 Ridge Road, Hinckley,
Ohio 44233; formerly Medical Director, Dynport Vaccine Com-
pany LLC, a CSC Company, 64 Thomas Johnson Drive, Fred-
erick, Maryland, and Scientific Coordinator, Brucella Program,
Department of Bacterial Diseases, Walter Reed Army Institute of
Research, Silver Spring, Maryland

JOHN W. HUGGINS, PuD

Retired; formerly, Chief, Viral Therapeutics Branch, US Army
Medical Research Institute of Infectious Diseases, 1425 Porter
Street, Fort Detrick, Maryland 21702

M. SOFI IBRAHIM, MSC, PuD

Lieutenant Colonel, Medical Service Corps, US Army Reserve;
Research Microbiologist, Edgewood Chemical Biological Center,
Ricketts Point Road, Gunpowder, Maryland 21010; formerly,
Microbiologist, Division of Virology, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland

PETER B. JAHRLING, PuD

Captain (Retired), Medical Service Corps, US Army; Director, Na-
tional Institutes of Health/Division of Clinical Research/National
Institute of Allergy and Infectious Diseases/Integrated Research
Facility, 8200 Research Plaza, Room 1A-111A, Fort Detrick,
Maryland 21702; formerly, Principal Scientific Advisor (Senior
Research Scientist), US Army Medical Research Institute of Infec-
tious Diseases, 1425 Porter Street, Fort Detrick, Maryland

SARA C. JOHNSTON, PaD

Research Microbiologist, Department of Virology, US Army
Medical Research Institute of Infectious Diseases, 1425 Porter
Street, Fort Detrick, Maryland 21702



SHELLEY C. JORGENSEN, PuD, MT(ASCP)

Lieutenant Colonel, Medical Services, US Army; Chief, Surety
Branch, US Army Office of The Surgeon General/US Army Medi-
cal Command, G-34 Protection Division, DHHQ, 7700 Arlington
Boulevard, Falls Church, Virginia 22042

TODD M. KIJEK

Major, Medical Service Corps, US Army; PuD candidate and
Chief, Molecular and Translational Sciences Department, US
Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland 21702; formerly, Research
Microbiologist, Bacteriology Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland

JASON KINDRACHUK, PeD

Staff Scientist, Critical Care Medicine Department, Clinical
Center, National Institutes of Health, 10 Center Drive, Bethesda,
Maryland 20814

MARK G. KORTEPETER, MD, MPH

Colonel, Medical Corps, US Army; Director, Infectious Disease
Clinical Research Program, Department of Preventive Medicine,
Associate Dean for Research, Associate Professor of Preventive
Medicine and Medicine, Consultant to the Army Surgeon General
for Biodefense, Uniformed Services University of the Health
Sciences, 4301 Jones Bridge Road, Bethesda, Maryland 20814; for-
merly, Deputy Commander, US Army Medical Research Institute
of Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland

TERESA KRAKAUER, PuD

Microbiologist, Department of Immunology, US Army Medical
Research Institute of Infectious Diseases, 1425 Porter Street, Fort
Detrick, Maryland 21702

JENS H. KUHN, MD, PuD, PuD, MS

Virology Lead, National Institutes of Health/National Institute of
Allergy and Infectious Diseases/Division of Clinical Research/In-
tegrated Research Facility, B-8200 Research Plaza, Room 1A-132,
Fort Detrick, Maryland 21702; formerly, Research Scholar, Har-
vard Medical School, Department of Microbiology and Molecular
Genetics, New England Primate Research Center, 1 Pine Hill
Drive, Southborough, Massachusetts

JAMES V. LAWLER, MPH, MD

Commander, Medical Corps, US Navy Reserve; ACESO Director
and Chief, Clinical Research Department, Biodefense Research Di-
rectorate, Naval Medical Research Center, Fort Detrick, Maryland
21702; formerly, Chief Medical Officer, Integrated Research Facil-
ity, Fort Detrick, Maryland

FRANK J. LEBEDA, PuD

Acting Director and Chief Data Officer, Systems Biology Col-
laboration Center for Environmental Health Research, US Army
Medical Research and Materiel Command, 568 Doughten Drive,
Fort Detrick, Maryland 21702; formerly, Civilian Deputy Director,
Combat Casualty Care Research Program, US Army Medical
Research and Materiel Command, 504 Scott Street, Fort Detrick,
Maryland

BENHUR LEE, MD

Professor, Microbiology Department, Icahn School of Medicine
at Mount Sinai, One Gustave L. Levy Place, Annenberg Building,
Room 17-24, New York, New York 10029

PATRICIA M. LEGLER, PaD
Research Biologist, US Naval Research Laboratory, 4555 Overlook
Avenue, Washington, DC 20375

EMIL LESHO, DO

Director, Multidrug-Resistant Organism Repository and Surveil-
lance Network, Walter Reed Army Institute of Research, 503
Walter Grant Avenue, 1W102, Silver Spring, Maryland 20910

KENNY L. LIN, MS

GLP Study Coordinator, Nonclinical Development Division, US
Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland 21702; formerly, Regulatory
Scientist, Department of Virology, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland

LUTHER E. LINDLER, PuD
Biosurveillance Liaison, Armed Forces Health Surveillance Cen-
ter, 11800 Tech Road, Silver Spring, Maryland 20904

GEORGE V. LUDWIG, PuD

Deputy Principal Assistant for Research and Technology, US
Army Medical Research and Materiel Command, 810 Schreider
Street, Fort Detrick, Maryland 21702; formerly, Science Director,
US Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland

JAMES W. MARTIN, MD, FACP

Colonel (Retired), Medical Corps, US Army; Chief of Internal
Medicine, US Army Healthcare Clinic, Vicenza, APO AE 09630-
0040; formerly, Chief, Operational Medicine Department, US
Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland

SHANNON S. MARTIN, PeD

Vaccine Program Manager, Clinical Research Management,
Business Plans and Programs Office, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702; formerly, Senior Scientist/Technical Develop-
ment Manager, Nonclinical Research Department, Dynport Vac-
cine Company, 64 Thomas Johnson Drive, Frederick, Maryland

THOMAS W. McGOVERN, MD, FAAD, FACMS, KHS
Major, Medical Corps, US Army (former); Dermatologist/Mohs
Surgeon, Fort Wayne Dermatology Consultants, 7881 Carnegie
Boulevard, Fort Wayne, Indiana 46804; formerly, Ward Officer,
US Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland

TIMOTHY D. MINOGUE, PuD

Chief, Molecular Diagnostics Department, Diagnostic Systems
Division, US Army Medical Research Institute of Infectious Dis-
eases, 1425 Porter Street, Fort Detrick, Maryland 21702

ELAINE M. MORAZZANI, PuD

Oak Ridge Institute for Science and Education Fellow, Viral Biol-
ogy Department, Virology Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702; formerly, NRC Postdoctoral Fellow, Virology
Division, US Army Medical Research Institute of Infectious Dis-
eases, 1425 Porter Street, Fort Detrick, Maryland

xiii



ERIC C. MOSSEL, PuD

Major, Medical Service Corps, US Army Reserve; Microbiolo-

gist, Division of Virology, US Army Medical Research Institute

of Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland
21702; formerly, Science and Technology Advisor, Detachment

8, Research Development and Engineering Command, 5183 Black-
hawk Road, Aberdeen Proving Ground, Maryland

AYSEGUL NALCA, MD, PuD

Chief, Department of Animal Studies, Center for Aerobiological
Sciences, US Army Medical Research Institute of Infectious Dis-
eases, 1425 Porter Street, Fort Detrick, Maryland 21702

DAVID A. NORWOOD, PaD

Chief, Diagnostic Systems Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702

ARNOLD PARK, PuD

Postdoctoral Fellow, Microbiology Department, Icahn School of
Medicine at Mount Sinai, One Gustave L. Levy Place, Annenberg
Building, Room 17-24, New York, New York 10029

MICHAEL D. PARKER, PuD

Retired; formerly, Chief, Viral Biology Department, Virology Divi-
sion, US Army Medical Research Institute of Infectious Diseases,
1425 Porter Street, Fort Detrick, Maryland

JULIE A. PAVLIN, MD, PuD, MPH

Colonel (Retired), Medical Corps, US Army; Deputy Director,
Armed Forces Health Surveillance Center, 11800 Tech Road,
Silver Spring, Maryland 20904

BRUNO PETRUCCELLI, MD

Colonel (Retired), Medical Corps, US Army; formerly, Director,
Epidemiology and Disease Surveillance, US Army Center for
Health Promotion and Preventive Medicine, Aberdeen Proving
Ground, Maryland; currently, Senior Physician/Epidemiologist,
US Military HIV Research Program, Henry M. Jackson Founda-
tion for the Advancement of Military Medicine, 3720-A Rockledge
Drive, Suite 400, Bethesda, Maryland 20817

PHILLIP R. PITTMAN, MD, MPH

Colonel (Retired), US Army; Chief, Department of Clinical Re-
search, Division of Medicine, US Army Medical Research Institute
of Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland
21702

MARK A. POLI, PuD, DABT

Research Chemist, Department of Applied Diagnostics, Diagnostic
Systems Division, US Army Medical Research Institute of Infec-

tious Diseases, 1425 Porter Street, Fort Detrick, Maryland 21702

MICHEL R. POPOFF, PuD, DVM
Chief, Anaerobic Bacteria and Toxins, Institut Pasteur, 28 Rue du
Dr Roux, 75724 Paris, France

BRET K. PURCELL, PuD, MD

Colonel, Medical Corps, US Army; Deputy Chief, Bacteriology
Division, US Army Medical Research Institute of Infectious Dis-
eases, 1425 Porter Street, Fort Detrick, Maryland 21702

Xiv

SHELI R. RADOSHITZKY, PuD

Principal Investigator, Molecular and Translational Sciences Divi-
sion, US Army Medical Research Institute of Infectious Diseases,
1425 Porter Street, Fort Detrick, Maryland 21702; formerly, Post-
doctoral Fellow, Toxicology Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland

DOUGLAS S. REED, PuD

Associate Professor, Aerobiological Manager, RBL, Department
of Immunology, University of Pittsburgh, 3501 Fifth Avenue,
Pittsburgh, Pennsylvania 15261; formerly, Microbiologist, Center
for Aerobiological Sciences, US Army Medical Research Institute
of Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland

R. MARTIN ROOP II, PuD

Professor, Microbiology and Immunology, Brody School of Medi-
cine, East Carolina University, 600 Moye Boulevard, Room 118,
Biotechnology Building, Greenville, North Carolina 27834

VIRGINIA I. ROXAS-DUNCAN, PuD

Alternate Responsible Official and Chief, Select Agent Manage-
ment Branch, Biosurety Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702

CHAD J. ROY, PuD

Associate Professor, Department of Microbiology and Immunol-
ogy, Tulane School of Medicine, 1430 Tulane Avenue, New Or-
leans, Louisiana 70112; and Director, Infectious Disease Aerobiol-
ogy, Division of Microbiology, Tulane National Primate Research
Center, 18703 Three Rivers Road, Covington, Louisiana 70433

JANICE M. RUSNAK, MD

Lieutenant Colonel (Retired), US Air Force; Medical Director,
Battelle, 1564 Freedman Drive, Fort Detrick, Maryland 21702;
formerly, Deputy Director of Special Inmunizations Program,
US Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland

KAMAL U. SAIKH, PuD

Microbiologist, Department of Immunology, US Army Medical
Research Institute of Infectious Diseases, 1425 Porter Street, Fort
Detrick, Maryland 21702

WENDY SAMMONS-JACKSON, PuD

Lieutenant Colonel, Medical Service Corps, US Army; Military
Deputy, Science and Technology Department, US Army Medical
Research and Materiel Command, 810 Schreider Street, Suite 103,
Fort Detrick, Maryland 21702; formerly, Deputy Director, Military
Infectious Diseases Research Program, Fort Detrick, Maryland

JAMES E. SAMUEL, PuD

Professor and Chair, Department of Microbial Pathogenesis and
Immunology, College of Medicine, Texas A&M Health Science
Center, 8447 State Highway 47, Medical Research and Education
Building, Building 3112, Bryan, Texas 77807

ALAN L. SCHMALJOHN, PuD

Professor, Department of Microbiology and Immunology, Univer-
sity of Maryland School of Medicine, 655 West Baltimore Street,
HSF-I, 322B, Baltimore, Maryland 21201



RANDAL J. SCHOEPP, PuD

Chief, Immunodiagnostics and Biologics Department, Diagnostic
Systems Division, US Army Medical Research Institute of Infec-
tious Diseases, 1425 Porter Street, Fort Detrick, Maryland 21702

MARTINA SIWEK, PuD

Chief Scientist, Cherokee Nation Technology Solutions in Support
of Global Emerging Infections Surveillance and Response System,
Armed Forces Health Surveillance Center, 11800 Tech Road,
Silver Spring, Maryland 20904; formerly, Science Manager/Liai-
son, Biosurveillance Management Office, Joint Program Executive
Office, Aberdeen Proving Ground, Maryland

JONATHAN F. SMITH, PaD

Executive Vice President and Chief Scientific Officer, PaxVax,

Inc, 3985 Sorrento Valley Boulevard, San Diego, California 92121;
formerly, Chief, Viral Biology Department, Virology Division, US
Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland

LEONARD A. SMITH, PuD

Senior Research Scientist (ST) for Medical Countermeasures Tech-
nology, Office of the Chief Scientist, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702

JEFFREY E. STEPHENSON, PuD

Regulatory Compliance Specialist, US Army Medical Research
and Materiel Command, Telemedicine and Advanced Technol-
ogy Research Center, 1054 Patchel Street, Fort Detrick, Maryland
21702; formerly, Institutional Review Board Administrator, US
Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland

BRADLEY G. STILES, PuD

Adjunct Professor of Biology, Biology Department, Wilson Col-
lege, 1015 Philadelphia Avenue, Chambersburg, Pennsylvania
17201

JEAN-NICOLAS TOURNIER, MD, PaD

Colonel, French Armed Forces Health Service, Department of
Infectious Diseases, Unité Biothérapies anti-infectieuses et im-
munité, Institut de recherche biomédicale des armées, 1 place du
Général Valérie André, Brétigny-sur-Orge, 91220 France; Ecole du
Val-de-Grace, Paris, France; Unité Génomique virale et vaccina-
tion, Institut Pasteur, Paris, France

ROBERT G. ULRICH, PuD

Microbiologist, Department of Immunology, US Army Medical
Research Institute of Infectious Diseases, 1425 Porter Street, Fort
Detrick, Maryland 21702

NICHOLAS J. VIETRI, MD

Colonel, Medical Corps, US Army; Infectious Diseases Officer,
Bacteriology Division, US Army Medical Research Institute of
Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland
21702; and Assistant Professor of Medicine, Uniformed Services
University of the Health Sciences, 4301 Jones Bridge Road,
Bethesda, Maryland 20814

DAVID M. WAAG, PeD

Microbiologist, Bacteriology Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702

SCOTT A. WEINSTEIN, PuD, MD

Physician, Toxinologist, Toxinology Division, Women’s & Chil-
dren’s Hospital, 72 King William Road, North Adelaide, South
Australia 5006, Australia

SUSAN L. WELKOS, PuD

Microbiologist, Bacteriology Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702

JULIAN WHITE, MD

Head of Toxinology, Toxinology Division, Women’s & Children’s
Hospital, 72 King William Road, North Adelaide, South Australia
5006, Australia

CHRIS A. WHITEHOUSE, PuD

Principal Investigator, Molecular and Translational Sciences
Department, US Army Medical Research Institute of Infectious
Diseases, 1425 Porter Street, Fort Detrick, Maryland 21702; for-
merly, Chief, Disease Investigation Branch, US Geological Survey,
National Wildlife Health Center, 6006 Schroeder Road, Madison,
Wisconsin

CATHERINE L. WILHELMSEN, DVM, PuD, CBSP
Lieutenant Colonel (Retired), Veterinary Corps, US Army; Veteri-
nary Medical Officer, Division of Pathology; formerly, Biosafety
Officer, Office of Safety, Radiation Protection, and Environmental
Health, US Army Medical Research Institute of Infectious Dis-
eases, 1425 Porter Street, Fort Detrick, Maryland; formerly, Chief,
Division of Toxicology, US Army Medical Research Institute of
Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland

MARK R. WITHERS, MD, MPH

Colonel, Medical Corps, US Army; Clinical Director, Office of
Medical Support and Oversight, US Army Research Institute of
Environmental Medicine, 15 Kansas Street, Natick, Massachusetts
01760; formerly Deputy Chief, Division of Medicine, US Army
Medical Research Institute of Infectious Diseases, 1425 Porter
Street, Fort Detrick, Maryland

MARK J. WOLCOTT, PaD

Chief, Transitional and Operational Diagnostics Department,
Diagnostic Systems Division, US Army Medical Research Institute
of Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland
21702

NEAL E. WOOLLEN, DVM, MSS, PuD
Colonel, Veterinary Corps, US Army; Director, Department of
Biological Select Agent and Toxin Biosafety Program Office, 1546

Porter Street, Fort Detrick, Maryland 21702

PATRICIA L. WORSHAM, PuD

Chief, Bacteriology Division, US Army Medical Research Institute
of Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland
21702

GLENN WORTMANN, MD

Colonel (Retired), Medical Corps, US Army; formerly, Chief

of Infectious Diseases, Walter Reed National Military Medical
Center, Bethesda, Maryland; currently, Assistant Director, Infec-
tious Diseases Section, MedStar Washington Hospital Center, 110
Irving Street, NW, Washington, DC 20010

XV



KRISTIE M. YEAKLE, RBP

Alternate Biosafety Officer, Office of Safety, Radiation, and
Environment, US Army Medical Research Institute of Infectious
Diseases, 1425 Porter Street, Fort Detrick, Maryland 21702

xvi



Peer Reviewers

AMESH A. ADALJA, MD, FACP, FACEP

Senior Associate, UPMC Center for Health Security, 621 East
Pratt Street, Suite 210, Baltimore, Maryland 21202; and Clinical
Assistant Professor, Department of Critical Care Medicine Clini-
cal Assistant Professor, and Department of Emergency Medicine
Adjunct Instructor, Division of Infectious Diseases, Department
of Medicine, University of Pittsburgh School of Medicine, M240
Scaife Hall, 3550 Terrace Street, Pittsburgh, Pennsylvania 15261

GERARD ANDREWS, PuD

Associate Professor, Department of Veterinary Sciences, Univer-
sity of Wyoming, College of Agriculture and Natural Resources,
1174 Snowy Range Road, Laramie, Wyoming 82070

ROY BARNEWELL, PuD
Manager and Research Leader, Battelle Memorial Institute, 505
King Avenue, Columbus, Ohio 43201

HOLGER BARTH, PuD

Professor, Institute of Pharmacology and Toxicology, University
of Ulm Medical Center, Albert-Einstein-Allee 11, 89081 Ulm,
Germany

KENNETH BRADLEY, PuD

Associate Professor, Department of Microbiology, Immunology,
and Molecular Genetics Director, Molecular Screening Shared Re-
source, University of California, 609 Charles E. Young Drive East,
Los Angeles, California 90095

BARBARA A. BROOKMYER, MD, MPH
Health Officer, Frederick County Health Department, 350 Monte-
vue Lane, Frederick, Maryland 21702

LAURA RUSE BROSCH, RN, PaD

Director, Office of Research Protections and Director, Office of
Research Protections Human Research Protection Office, Head-
quarters, US Army Medical Research and Materiel Command, 810
Schreider Street, Fort Detrick, Maryland 21702

MICHAEL BUCHMEIER, PuD

Professor, Department of Molecular Biology and Biochemistry,
Division of Infectious Disease, Department of Medicine, Depart-
ment of Microbiology and Molecular Genetics, and Department of
Molecular Biology and Biochemistry, University of California—Ir-
vine, 2400 Biological Sciences I1I, Irvine, California 92697-3900

R. MARK BULLER, PuD

Professor, Department of Molecular Microbiology and Immunol-
ogy, Saint Louis University, 1100 South Grand Boulevard, St.
Louis, Missouri 63104

KATHLEEN W. CARR, DVM, PuD, MS

Program Manager, Division of Medicine, US Army Medical
Research Institute of Infectious Diseases, 1425 Porter Street, Fort
Detrick, Maryland 21702

BRIAN W. COOPER, MD

Global Medical Affairs Medical Director of Early Viral/Bacterial
Vaccines, Novartis Vaccines, 350 Massachusetts Avenue, Cam-
bridge, Massachusetts 02139; and Professor of Clinical Medicine,
University of Connecticut School of Medicine, 263 Farmington
Avenue, Farmington, Connecticut 06030

PAUL DABISCH, PuD

Senior Principal Investigator and Aerobiology Group Leader,
National Biodefense Analysis and Countermeasures Center (oper-
ated by BNBI for the US Department of Homeland Security), 8300
Research Plaza, Fort Detrick, Maryland 21702

ROBERT G. DARLING, MD, FACEP

Captain (Retired), Medical Corps, US Navy; Chief Medical Of-
ficer, Patronus Medical Corporation, Washington, DC; and Assis-
tant Professor Military and Emergency Medicine, The Uniformed
Services University of the Health Sciences F. Edward Hébert
School of Medicine, 4301 Jones Bridge Road, Bethesda, Maryland
20814

STACY DeGRASSE, PuD

Science Advisor, Division of Seafood Safety, Office of Food Safety,
US Food and Drug Administration,

Center for Food Safety and Applied Nutrition, 5100 Paint Branch
Parkway, College Park, Maryland 20740

JUAN CARLOS Dk La TORRE, PeD

Professor, Department of Immunology and Microbial Science,
The Scripps Research Institute, 10550 North Torrey Pines Road,
La Jolla, California 92037

DAVID DeSHAZER, PuD

Microbiologist, Bacteriology Division, US Army Medical Research
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702

DMITRY DMITROFF, PuD

Head, Protein Interactions Section, Center for Cancer Research,
National Cancer Institute, Building 567, Room 152, Frederick,
Maryland 21702

ADAM DRIKS, PuD

Professor, Department of Microbiology and Immunology, Stritch
School of Medicine, Loyola University Chicago, 2160 South First
Avenue, Maywood, Illinois 60153

CAROL EISENHAUER, DVM, Dipl ACLAM
Colonel (Retired)

EDWARD EITZEN, MD, MPH

Colonel (Retired), US Army; Senior Partner, Biodefense and
Public Health Programs, Martin-Blanck and Associates, 2034
Eisenhower Avenue, Suite 270, Alexandria, Virginia 22314-4678

KENNETH L. GAGE, PuD

Chief, Entomology and Ecology Activity, Bacterial Diseases
Branch, Division of Vector-Borne Diseases, National Center for
Emerging and Zoonotic Infectious Diseases, Centers for Disease
Control and Prevention, 3156 Rampart Road, Fort Collins, Colo-
rado 80521

DAVE HARBOURT, PuD

Biosafety Officer, US Army Medical Research Institute of Infec-
tious Diseases, 1425 Porter Street, Fort Detrick, Maryland 21702-
5102

xvii



DAN E. HARMS, MS, MT(ASCP)

Program Manager, Operational Laboratory Policy & Programs
Executive Secretariat, Defense Health Headquarters, 7700 Arling-
ton Boulevard, Suite 5101, Falls Church, Virginia 22042-5190

M. DANA HARRIGER, PeD

Assistant Dean and Professor, Department of Biology, Wilson
College, 1015 Philadelphia Avenue, Chambersburg, Pennsylvania
17201

JOHN HUNGERFORD, PaD

Research Chemist, Pacific Laboratory Northwest, US Food and
Drug Administration, 22201 23rd Drive, SE, Bothell, Washington
98021

DEBRA L. HUNT, DrPH, CBSP

Assistant Professor and Director, Biological Safety, Occupational,
and Environmental Safety Office, Duke University/Duke Uni-
versity Health System, Hock Plaza I, 2424 Erwin Road, Durham,
North Carolina 27705

BRADLEY D. JONES, PuD

Professor, Department of Microbiology, University of lowa,
Carver College of Medicine, 375 Newton Road, Iowa City, Iowa
52242

HEIDI KASSENBORG, DVM, MPH

Director, Dairy and Food Inspection Division, Minnesota Depart-
ment of Agriculture, 625 Robert Street North, St. Paul, Minnesota
55155

JEREMIAH J. KELLY, ESQ, MPP

Attorney for Medical Product Development and Regulation,
Office of the Staff Judge Advocate (JAG), US Army Medical
Research and Materiel Command, 521 Fraim Street, Fort Detrick,
Maryland 21701

ERIC LAFONTAINE, PuD

Associate Professor, Department of Infectious Diseases, College of
Veterinary Medicine, The University of Georgia, 501 D. W. Brooks
Drive, Athens, Georgia 30602-7387

DIREK LIMMATHUROTSAKUL, MD, PaD

Assistant Professor, Department of Tropical Hygiene and Mahi-
dol, Oxford Tropical Medicine Research Unit, Faculty of Tropical
Medicine, Mahidol University, 999 Phuttamonthon 4 Road,
Salaya 73170, Thailand

MARK LITTLE, MD, MBBS, FACEM, MPH&TM,
DTM&H, IDHA

Associate Professor, School of Public Health, Tropical Medicine
and Rehabilitation Sciences, James Cook University, 1 James
Cook Drive, Townsville City, Queensland 4811, Australia; and
Emergency Physician and Clinical Toxicologist, Department of
Emergency Medicine, 165 The Esplanade, Cairns Hospital, Cairns
City, Queensland 4870, Australia

STEPHEN LUBY, MD

Professor, Department of Medicine-Infectious Diseases and Senior
Fellow, Stanford Woods Institute for the Environment and Free-
man Spogli Institute for International Studies, 473 Via Ortega,
Stanford, California 94305; and Director of Research, Stanford
Center for Innovation in Global Health, 473 Via Ortega, Stanford,
California 94305

xviii

NICHOLAS MANTIS, PuD

Associate Professor, Division of Infectious Disease, Wadsworth
Center, New York State Department of Health, Empire State
Plaza, PO Box 509, Albany, New York 12201; and Department
of Biomedical Sciences, School of Public Health, University at
Albany, One University Place, Albany, New York 12144

GLENN MARSH, PuD

Senior Research Scientist, Molecular Virology, Emerging Zoonotic
Diseases Stream, CSIRO Biosecurity Flagship, Australian Animal
Health Laboratory, 5 Portarlington Road, Geelong, Victoria,
Australia 3220

BRUCE McCLANE, PuD

Professor, Department of Microbiology and Molecular Genetics,
University of Pittsburgh School of Medicine, 420 Bridgeside Point
11, 450 Technology Drive, Pittsburgh, Pennsylvania 15219

CHARLES A. McKAY, Jr, MD, FACMT, FACEP, ABIM
Director, Division of Medical Toxicology, Department of Emer-
gency Medicine, Hartford Hospital and University of Connecticut
School of Medicine, 80 Seymour Street, Hartford, Connecticut
06102

DIETRICH MEBS, PuD

Professor, Goethe-University Frankfurt, Forensic Toxicology,
Institute of Legal Medicine, Kennedyallee 104, D-60596 Frankfurt,
Germany

MICHAEL F. MINNICK, PuD
Professor, Division of Biological Sciences, University of Montana,
32 Campus Drive, HS 104, Missoula, Montana 59812

STEPHEN S. MORSE, PuD

Professor, Department of Epidemiology, Columbia University,
Mailman School of Public Health, 722 West 168th Street, New
York, New York 10032

ERIC MOSSEL, PuD

Major, Medical Service Corps, US Army Reserve; Microbiologist,
Division of Virology, US Army Medical Research Institute of Infec-
tious Diseases, 1425 Porter Street, Fort Detrick, Maryland 21702

ROBERT MUNSON, PuD

Professor, Department of Pediatrics, Department of Molecular
Virology, Immunology, and Molecular Genetics, and Department
of Microbiology, The Research Institute at Nationwide Children’s
Hospital and The Ohio State University, 700 Children’s Drive,
Columbus, Ohio 43205

BILL NAUSCHUETZ, PuD
Lab Biopreparedness Coordinator, US Army Medical Command,
2748 Worth Road, Suite 10, Fort Sam Houston, Texas 78234-6039

DAVID O'CALLAGHAN, PuD
Director, INSERM U1047, Université Montpellier 1, Place Eugene
Bataillon, 34090 Montpellier, France

GENE OLINGER, PuD, MBA

High Containment Coordinator, National Institute of Allergy
and Infectious Diseases, Integrated Research Facility, Division of
Clinical Research, 8200 Research Plaza, Fort Detrick, Maryland
21702



GEOFFREY K. PHILLIPS, MPH

Safety and Occupational Health Manager, US Army Medical Re-
search and Materiel Command, MCMR-SS, 810 Schreider Street,
Fort Detrick, Maryland 21702

ANN POWERS, PuD

Chief, Alphavirus Laboratory, Division of Vector-Borne Diseases,
Centers for Disease Control and Prevention, 3156 Rampart Road,
Fort Collins, Colorado 80521

JON ROBERTUS, PuD

Professor Emeritus, The University of Texas at Austin, Molecular
Biosciences, College of Natural Sciences, 2506 Speedway, Austin,
Texas 78712

JANICE M. RUSNAK, MD, FACP, FIDSA

Contractor, Battelle, Medical Countermeasure Systems—Joint
Vaccine Acquisition Program (MCS-JVAP), 1564 Freedman Drive,
Fort Detrick, Maryland 21702

JOHN M. SCHERER, PuD, MT(ASCP)
Colonel, Medical Corps, US Army; Medical Research and Materiel
Command, 810 Schreider Street, Fort Detrick, Maryland 21702

LARRY S. SCHLESINGER, MD

Professor and Chair, Department of Microbial Infection and
Immunity Director, Center for Microbial Interface Biology, The
Ohio State University, 798 Biomedical Research Tower, 460W 12th
Avenue, Columbus, Ohio 43210

MICHAEL SCHUIT, MS

Research Scientist, Aerobiology Group, National Biodefense
Analysis and Countermeasures Center (operated by BNBI for the
US Department of Homeland Security), 8300 Research Plaza, Fort
Detrick, Maryland 21702

HARALD SEIFERT, MD

Professor of Medical Microbiology and Hygiene, Institute for
Medical Microbiology, Immunology, and Hygiene, University of
Cologne, Goldenfelsstrasse 19-21, 50935 Koln, Germany

EDWARD SHAW, PuD
Associate Professor, Department of Microbiology and Molecu-
lar Genetics, Oklahoma State University, 307 Life Sciences East,
Stillwater, Oklahoma 74078

PETER M. SILVERA, PuD

Chief, Non-Clinical Development Division, US Army Medical
Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick,
Maryland 21702

BAL RAM SINGH, PuD

Professor and Director, Botulinum Research Center, Institute of
Advanced Sciences, 78-540 Faunce Corner Mall Road, Dartmouth,
Massachusetts 02747

SHAWN J. SKERRETT, MD

Professor, Division of Pulmonary and Critical Care Medicine,
University of Washington, Harborview Medical Center, 325 Ninth
Avenue, Seattle, Washington 98104

BRAD STILES, PuD
Adjunct Professor, Department of Biology, Wilson College, 1015
Philadelphia Avenue, Chambersburg, Pennsylvania 17201

CHRISTINE TRAVISS, PuD

Microbiologist, Division of Select Agents and Toxins, Office of
Public Health Preparedness and Response, Centers for Disease
Control and Prevention, 1600 Clifton Road, NE, MS A-46, Atlanta,
Georgia 30333

RENEE M. TSOLIS, PuD

Professor, Department of Medical Microbiology and Immunol-
ogy, University of California-Davis, 3146 Tupper Hall, 1 Shields
Avenue, Davis, California 95616

BERNARD VERRIER, PaD

Director, Institut de Biologie et Chimie des Protéines, Fédéra-
tion de Recherche, 3302 SFR BioSciences (Unité Mixte de Service
3444/US8), Gerland-Lyon Sud, Université de Lyon 1, 69007 Lyon,
France; and Laboratoire de Biologie Tissulaire et d'Ingénierie
Thérapeutique, Centre National de la Recherche Scientifique,
Unité Mixte de Recherche 5305, 69007 Lyon, France

NICHOLAS J. VIETRI, MD

Colonel, Medical Corps, US Army; Chief, Occupational Medicine,
US Army Medical Research Institute of Infectious Diseases, 1425
Porter Street, Fort Detrick, Maryland 21702; and Assistant Profes-
sor of Medicine, Uniformed Services University of the Health
Sciences, 4301 Jones Bridge Road, Bethesda, Maryland 20814

SCOTT C. WEAVER, PuD

John Sealy Distinguished University Chair in Human Infections
and Immunity Director, Institute for Human Infections and
Immunity Scientific Director, Galveston National Laboratory Pro-
fessor, Departments of Pathology, Microbiology, and Immunol-
ogy, Galveston National Laboratory, 301 University Boulevard,
Galveston, Texas 77555-0610

JUDITH WHITE, PuD

Professor, Department of Cell Biology and Developmental Biol-
ogy, University of Virginia, 1340 Jefferson Park Avenue, Charlot-
tesville, Virginia 22908-0732

Xix






Foreword

The concept of national defense has been undeniably shaped by the events of September 11, 2001. The
US anthrax postal attacks immediately following 9/11 forever changed our perspective of biodefense related
research. More recently, the continued threat of state-sponsored events or individual extremist groups has
only compounded the severity of this facet of national security. As we focus our medical efforts to succeed at
the point of injury, and to optimize the success of the operating forces, the identification and preparation for
biological threats has become a synergistic force multiplier.

The US Department of Defense (DoD) continues to identify potential threats and prepare for possible
biological attacks by maintaining a knowledge base and by actively developing and testing novel medical
countermeasures. For example, scientists at the US Army Medical Research Institute of Infectious Diseases
(Fort Detrick, MD) have developed vaccines against the causative agents of anthrax, plague, ricin intoxication,
botulinum intoxication, Ebola virus, and encephalitic alphaviruses. Importantly, DoD scientists partner with
other federal agencies, academic institutions, and pharmaceutical companies to test and evaluate vaccines and
therapeutics against many other biological threats. There is no better example of this consortium approach
then the DoD’s efforts during the recent Ebola outbreak in West Africa. DoD scientists and military person-
nel were on the ground diagnosing samples, sequencing viral genomes, and administering supportive care.
Concurrently, some of the very products tested and evaluated by the DoD were deployed during the medical
emergency. If it was not for DoD intervention, this outbreak had the potential to be substantially worse and
spread further across Africa and around the world. Taken together, these brief examples demonstrate exactly
why Medical Aspects of Biological Warfare needs to be maintained as an up-to-date information source.

The first edition of Medical Aspects of Chemical and Biological Warfare was published in 1997. A decade later,
the chemical and biological aspects of this text warranted separate volumes. Thus, in 2007, Medical Aspects of
Biological Warfare was released as a stand-alone textbook. Because of the fast-paced nature of microbiological
research, new and emerging threats, and the changing policy, the authors pursued an updated version. In this
third edition of the Textbooks of Military Medicine’s Medical Aspects of Biological Warfare, the authors have gone
to great lengths to address many facets of biodefense research, preparedness, and consequence management.
Individual chapters are devoted to understanding the pathogenesis and disease progression associated with
bacterial and viral biothreat agents, such as Bacillus anthracis and Ebola virus. Additionally, intoxications by
toxins such as ricin are also described in detail. These chapters highlight the current state of science for these
agents and toxins: they clearly underscore the importance of pursuing basic science interests in these arenas,
and the importance of maintaining a core pool of subject matter experts. Without basic science efforts, our
continued understanding of these threats would suffer, and knowledge gaps would grow. Accordingly, cur-
rent clinical treatment protocols and regimens are also discussed throughout the textbook and offer a bridge
from the basic research to the applied clinical “real-world” applications.

This textbook also examines other less apparent biodefense-related topics. Acinetobacter baumii is used as an
example of how a drug-resistant bacterium can impact the DoD, and further demonstrates how the institutional
structure and strategic planning can be used to address such threats. Additional chapters discuss Medical
Management and Consequence Management, and give current perspectives on patient care and federal and
local response scenarios in the event of a biological attack. This edition also describes current laboratory bio-
safety and biosurety philosophies that have tremendous impacts on the execution of biodefense strategies that
are constantly evolving. Finally, this version of the textbook gives a nod to the history of biodefense research
while also addressing new and emerging biological threats, be they natural or engineered.

The authors, subject matter expert reviewers, and editors have produced a comprehensive and thought-
ful reference source for the DoD, and I am proud of the scientists, physicians, and other professionals who
contributed their time and efforts to produce the final product.

Lieutenant General Nadja Y. West, MD
The Surgeon General
Commanding General, U.S. Army Medical Command
Washington, DC
March 2017
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Preface

In an ever-changing and complex world, medical defense against biological pathogens must be a central
pillar of our national defense strategy. Although biological warfare has been a legitimate concern for centuries,
our current requirements and future operations emphasize the need for a continuing holistic approach to medi-
cal biological defense against these threats. From antiquity to the present day, agents such as Bacillus anthracis
(etiological agent of anthrax), Francisella tularensis (etiological agent of tularemia), Burkholderia mallei (etiological
agent of glanders), Yersinia pestis (etiological agent of plague), and Variola (etiological agent of smallpox) have
been on the forefront of biowarfare and biodefense. With increased uncertainty associated with terrorist groups,
rogue nations, and “lone wolf” individuals, the threat of biological weapons is even more relevant today.

Subject matter experts who wrote and reviewed these chapters focused on the most current data available
at the time to create the most comprehensive reference source available for the US Department of Defense.
Revising this textbook is important, not only to highlight the current state-of-the-art application for medical
countermeasures, but also to discuss myriad current and future threats. Some of these evolving issues include
the ongoing ramifications of the world’s largest-ever Ebola virus disease outbreak and the impact of emerging
antibiotic resistance from select bacterial pathogens. Of recent note is the emerging B cereus biovar anthracis
strains isolated in Africa from fatal anthrax-like infections in chimpanzees and western lowland gorillas. These
strains of B cereus were shown to harbor plasmids highly similar to both B anthracis virulence plasmids and, ac-
cordingly, were included on the US Department of Health and Human Services select agent list in 2016. These
are just a few of the examples that underscore the complexities of biodefense research. Although we must remain
vigilant in anticipating state-sponsored or terrorist activities, new threats are evolving in the natural world that
could prove equally catastrophic to our military personnel and national interests. Preparation, cooperation, and
rehearsal in accordance with the latest methodologies are the key ingredients to success in these current contexts.

I am deeply grateful for the contributions of the scientists and physicians who collaborated in this endeavor.
They are nationally and internationally recognized experts in their specialties, and their dedication to updating
this textbook has been invaluable. I am pleased to introduce the latest edition of Medical Aspects of Biological Warfare.

Colonel Thomas S. Bundt
Medical Service Corps, US Army
Commander, US Army Medical Research Institute of Infectious Diseases

Fort Detrick, Maryland
October 2016
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