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The contributions of U.S. military and affiliated civilian per-
sonnel to the advancement of mankind's understanding, pre-
vention, and treatment of infectious diseases are innumerable.
This supplement of Military Medicine has been produced by
the Armed Forces Infectious Diseases Society [AFIDS) to re-
view and highlight the accomplishments of 1.5, Department of
Defense military and civilian researchers in this field of study.
Contributions by U.S. Armed Forces investigators to better the
health of the world are documented in the 11 articles that
follow.

Introduction

U niformed and civilian personnel ol the 1.5, mililary ser-
vices have coniributed to mankind's batile againsi infec-
tious diseases since the formation of the Continental Army in
the 1770s. Efforts to preserve the fighting strength have in-
cluded developmenl of vaccines, therapeutics, vector control
agents, and other preventive sirategies, To improve the heallh
of the military forces, the epldemiologies of many infectious
diseases have been extensively examined to develop means
and strategies of prevention and control. To support these
efforts, basic selence research into the structure, genome,
growth, pathogenicity, and virulence of the bacteria, para-
siles, viruses, and occasionally fungi causing human disease
have been examined by military researchers.

Armed Forces Infectious Discases Society

The Armed Forces Infectious Diseases Soclety (AFIDS] is a
chapter of the Infectious Diseases Society of America (IDSA).
It is composed of physicians and other health care profession-
als or researchers who are presently or have been previously
affiliated with the U.5. Depariment of Defense. The Society
and its annual scientific conlerence emerged In 1995 from the

Infections Disease Service, Brooke Army Medical Center, Fori Sam Houston, TX
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TABLE I

CURHENT ARMED FORCES INFECTIOUS DISEASES SOCIETY
OFFICERS AND COUNSELORS

Oicers
President LACo] George W. Christopher, USAF MO
Wiee President CAPT Glenn A. Schnepl, MC USN

Secretary-Treasurer  COL Ted JJ. Cleslak, MC USA

Board af Coungllors

L5, Ar Foree Maj Michael A. Forghome, USAF, MC
LS. Army COL David P, Dooley, MC USA

LS, Navy CAPT Mark R, Wallace, MC LISN
Pedlatrics Col Martin G. Ottolinl, USAF MC

Annual Tri-Service Infectious Disease Meeting. As bolh
names imply, AFIDS is composed chiefly of physicians from
the 1.5, Air Force, U.5. Army, and U.5. Navy with subspe-
ialty training and board certification in infectious diseases.
The Seciety is and has been represented by officers and coun-
cilors from each of these three services, including both adult
and pediatric infectious disease specialists (Tables T and 2).
Other nonphysician and/or nonmilitary. but Depariment of
Defense-affiliated, personnel with interesis in research and
the treatment of infectious diseases make up a small percenl-
ade of AFIDS membership. The Society was established lo

TABLE II
PAST ARMED FORCES INFECTIOUS DISEASES SOCIETY PRESIDENTS

LTC Duane R. Hospenthal, MC 1154 2H03-2004
CAPT Norman J. Waeeker, Jr,, MO USN 2002-2003
Col Matthew J, Dolan, USAF MC 2001-2002
COL Baymond C.¥, Chung, MC TUSA [Ret.) 2000-2001
CAPT John [, Malone, MC USN (Rel.) 1998200}
Col David P, Ascher, USAF MC (Ret.) 19951999
COL David I, Dooley, MC USA 1997-1998
CAPT Douglas L. Mayers, MC USN (Rel) 1986- 1957
Col George B, Crawford, USAF MC [Ret.) 1989519494
Col Gregory P, Melcher, USAF MO {Rel) 1984-1995
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TABLE I

RECIPIENTS OF THE JAY P, SANFORD MEMORIAL AWARD FOR
EXCELLENCE IN MILITARY INFECTIOUS DISEASES®

CAPT Kenneth F. Wagner, MC USN (Ret.) 2004
Col Gregory P. Melcher, USAF MC (Ret.) 2003
COL Gerald W. Fischer, MC USA (Ret.) 2002
CAPT Edward C. Oldfield I, MC USN (Ret.] 2001
Col George E. Crawford, USAF MC (Rel.) 2000
COL James W. Bass, MC USA (Ret.) 1999
CAPT Walter W. Karney, MC USN (Ret.) 1998
COL Edmund C. Tramont, MC USA (Ret.) 1997

a Awarded for a career achievement in military infectious diseases.

further communication and cooperation among infectious
diseases specialists within the U.S. military and between this
group and the national society, IDSA. Over the brief history of
AFIDS, the Society has honored seven infectious disease cli-
nicians for their careers in military infectious diseases {Table
1), with an award named for one of infectious diseases’ and
the U.S. military’s greats, Jay P. Sanford, MD, the first dean
of the military medical school at the Uniformed Services Uni-
versity of the Health Sciences, Bethesda, Maryland. Addi-
tional information about the Society and how to join can be
found online at www.afids.org.

Infectious Disease History of the U.S. Military

The History Project

As a society representing the current U.S. military infec-
tious disease community, and indirectly the past and future
of that community, AFIDS is proud of the heritage that has
been established by our predecessors in the armed forces
research communily. The program of the 2004 annual meet-
ing included presentations that were meant to make the mem-
bership aware of the tremendous scope of the infectious dis-
ease contributions of these predecessors. These brief
presentations only scratched the surface of these labors and
were subsequently expanded into the full-length articles
herein. The goal of this supplement is an attempt to record
and present to a greater audience the extensive contributions
of the U.S. military to the field of infectious diseases.

Although it would be nearly impossible to document all of
the contributions made by U.S. military and affiliated civilian
personnel, the following articles highlight major contribu-
tions and areas examined by these researchers and clini-
cians. For those contributions that have been overlooked in
this sea of information, we apologize in advance, but hopefully
the reader will at least appreciate the depth and breadth of
infectious disease contributions of investigators.
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The viral hemorrhagic fever viruses represent a unique group
of viruses that can produce large outbreaks of both animal and
human disease and produce severe, highly fatal, human ill-
nesses. The viral hemorrhagic fever viruses display a great
deal of diversity in their genetic organization, vectors for
transmission, and geographic distribution. They share com-
mon features in being able to induce a great deal of cellular
damage and to elicit an immune response among humans that
can result in severe hemorrhage, coagulopathy, shock, and
death. The characteristics of the viral hemorrhagic fever vi-
ruses as arthropod-borne or rodent-borne viruses that can
result in human illnesses with high morbidity and mortality
rates make these viruses a unique threat, historically, cur-
rently, and in the future, to deployed soldiers around the
world. In response to this threat, U.S. military scientists have
been world leaders in the development of knowledge on the
viral hemorrhagic fever viruses, from extensive fieldwork in
areas in which these viruses are endemic, outbreak investiga-
tions of epidemics, and careful clinical studies elucidating the
pathogenesis of severe disease. Defining the disease threat
and creating practical countermeasures through the develop-
ment of drugs and vaccines has been the major mission of
military scientists and has resulted in numerous candidate
vaccines currently in animal and human clinical trials.

Introduction

The viral hemorrhagic fever viruses are arthropod-borne or
rodent-borne viral infections that can result in hemorrhage
and shock. In the case of the filoviruses, the transmission (o
humans and the natural reservoir are not known. The viral
hemorrhagic fever viruses can produce a clinical syndrome that
is characterized by fever, severe systemic symptoms such as
headache, myalgias, arthralgias, nausea, vomiting, and diar-
rhea, and varying degrees of coagulopathy. Coagulopathy is a
distinguishing feature of the viral hemorrhagic fever viruses and
is manifested by hemorrhage into the skin as petechiae or ec-
chymoses, oozing at puncture sites, epistaxis, gingival bleeding,
hematemesis, melena, and severe vaginal bleeding. Cardiovas-
cular collapse and shock syndrome can occur through blood
loss or intravascular plasma leakage into the extravascular
space.

The viral hemorrhagic fever viruses are represented by a va-
riety of RNA viruses with varying vectors of transmission, epi-
demiology, pathogenesis, and case fatality rates. The RNA vi-
ruses are highly susceptible to point mutations, in the range of

*Department of Virology, U.S. Army Medical Component-Armed Forces Research
Institute of the Medical Sciences. Bangkok, Thailand AFRIMS APC AP 96546.

#0Operational Medicine Division, U.S. Army Medical Research Institute of Infectious
Diseases, Fort Detrick, MD 21702-5011.

$Division of Communicable Diseases and Immunology, Walter Reed Army Institute
of Research. Silver Spring, MD 20810-7500.
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107t to 1079 substitutions per nucleotide copied, and undergo
homolegous and heterologous recombination, gene reassort-
ments, and formation of quasispecies during replication.? The
high mutation and recombination rates observed explain in part
the great deal of genetic diversity seen among the RNA viruses.?
The result is a virus that undergoes rapid evolution and that can
become highly adaptable to the host and the environment. The
diversity of the viral hemorrhagic fever viruses and their adapt-
ability to the host and the environment result in a group of
pathogens that have been in the past, are currently, and poten-
tially will be in the future major disease threafs to military
personnel deployed in virus-endemic areas. This article is a
review of the military significance of the viral hemorrhagic fever
viruses and the contributions of military scientists toward un-
derstanding the viruses.

Dengue

Dengue is an expanding public health problem in the tropics
and subtropics. Reports suggest that 2.5 billion people are at
risk for dengue, with up to 100 million dengue virus infections
occurring each year and more than 60,000 reported deaths.*-®
Dengue transmission occurs in Central and South America,
South and Southeast Asia, Africa, and the Caribbean and Pa-
cific regions. There have been recent outbreaks in Texas, Flor-
ida, and Hawaii.”® Population growth, urbanization, and re-
gional and international travel sustain the continually
worsening global dengue situation. 111

The U.S. military has made great contributions to the under-
standing of the etiology, epidemiology, immunology, and patho-
genesis of dengue virus infections. Numerous dengue vaccine
candidates have been developed by the U.S. military and are
being evaluated in Phase I/1I clinical trials.

Dengue viruses belong to the genus Flavivirus and the family
Flaviviridae.'? The virion is a single-strand, positive-sense, RNA
genome coding for capsid, membrane, and envelope proteins
and seven nenstructural proteins (NS1, NS2a, NS2b, NS3,
NS4a, NS4b, and NS5).» The dengue viruses exhibit substantial
genetic diversity, exemplified by the existence of four distinct
serotypes (DEN-1-4).'%!* The genetic diversity and phylogenetic
relationships of dengue virus strains isolated from different
parts of the world suggest the existence of numerous DEN-1, -2,
-3, and -4 genotypes.'>*

The pathogenesis and pathophysiology of severe dengue virus
infections (dengue hemorrhagic fever) remain incompletely un-
derstood. Early theories were based on clinical observations and
seroepidemiological studies.?-% An extensive body of work de-
seribing clinical and basic science observations on pathogenesis
has been completed by U.S. military scientists and their collab-
orators at the Walter Reed Army Institute of Research (WRAIR)
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U.S. Military Contributions in Viral Hemorrhagic Fever

than 3,000 United Nation soldiers developing hemorrhagic dis-
ease, with renal failure, shock, and death in 10 to 15% of cas-
es.214215 The etiological agent of this disease in Korea was iso-
lated in 1967 from the rodent A. agrarius and was named
Hantaan virus after the Hantaan River.

Military scientists continued to investigate HFRS, with nu-
merous publications and the development of a vaccine program
that continues in the Military Infectious Disease Research Pro-
gram. Intravenous ribavirin (Viratek Pharmaceuticals) therapy
was found to be effective for HFRS, and this is currently an
Investigational New Drug with the U.S. Food and Drug Admin-
istration (U.S. Department of Defense Investigational New Drug
16,666). The only double-blind, placebo-controlled, clinical trial
of intravenous ribavirin therapy was conducted among 242 pa-
tients with HFRS in the People’s Republic of China by scientisls
from the USAMRIID.26 Mortalily rates were reduced sevenfold
for the ribavirin-treated patients, and ribavirin therapy resulted
in significant reductions in the risks of entering the oliguric
renal phase and of developing hemorrhagic manifestations.?'

Today military scientists continue to address the hantavi-
ruses as a military threat and have published seminal articles
on the epidemiology, pathogenesis, and virology of these
viruses. 2221121723 The Department of Defense Military Infec-
tious Disease Research Program continues in its efforts to de-
velop an effective vaccine against HFRS.

Rift Valley Fever

Rift Valley fever (RVF) virus is in the family Bunyaviridae,
genus Phlebovirus. As previously noted, the Bunyaviridae share
similar morphological features, with a spherical virion and a size
between 80 and 120 nm. 8

U.S. Military Significance

RVF is an acute zoonotic disease that affects both ruminant
animals and humans and occurs as an epizootic, with trans-
mission to humans primarily from infected mosquitoes (Ctdex,
Aedes, and Anopheles species) and secondarily from the han-
dling of infected animal carcasses.?™* RVF virus was isolated in
1930 in the Rilt Valley of Kenya, in East Africa, and has been
responsible for more than 30 large outbreaks of animal and
human disease in East Africa since the 1930s. Weather pattern
analysis demonstrated that RVF outbreaks followed periods of
abnormally high rainfall, which were predictive up to 5 months
in advance of outbreaks.?” In 1977, RVF was responsible for a
large outbreak of animal and human disease in Egypt, involving
more than 18,000 clinical cases and 598 deaths.™ Subsequent
outbreaks occurred in Mauritania in 1987, again in Egypt dur-
ing 1993, and recently in Yemen and the Kingdom of Saudi
Arabia in 2000. Saudi Arabia reported a total of 8§86 cases and
a case fatality rate of 13.9%.7% The majority of cases in Saudi
Arabia occurred among adult men with significant risk factors
for exposure to mosquito bites and infected animals. Age-spe-
cific mortality rates were greatest for the elderly, with an overall
mortality rate in the population of 14%.%* RVF virus is consid-
ered an emerging pathogen, causing considerable economic Joss
among domestic animals and human disease. Factors respon-
sible for its emergence include the movement of infected live-
stock and mosquito vectors, global weather pattern changes,

85

and economic development resulting in environmental condi-
tions favoring mosquito breeding, such as periods of heavy rain-
fall or the building of dams, with associated flooding of plains.**

The major clinical characteristics of RVF include hepatocel-
lular failure, acute renal failure, and hemorrhagic manilesta-
tions.?*! Development of retinitis and meningoencephalitis is a
late complication of the disease. Death has been observed in
38.9% of cases. Hepalorenal failure, shock, and severe anemia
were all factors associated with death.?*!

U.S. Military Contributions

Military scientists have contributed to the understanding of
the epidemiology, pathogenesis, and diagnosis of RVF. The full
potential of RVF as'a human pathogen and military threat was
determined by military scientists {rom the Naval Medical Re-
search Unit in Cairo, Egypt, during a Jarge outbreak of RVF in
Egypt in 1977.%°% Four clinical syndromes were documented
during that outbreak, i.e., a febrile illness, encephalitis, ocular
complicalions, and hemorrhagic disease. Other contributions
have been characterization of the virus and its vector and trans-
mission cycle and the development of diagnostic assays. 221224
One of the most significant achievemenis by military scientists
was in the analysis of weather patterns as a predictive model for
RVF outbreaks, 237245247

Chikungunya

Chikungunya (CHIK) virus is classified in the family Togaviri-
dae, genus Alphavirus. The alphaviruses contain a nucleocapsid
enclosed within a lipoprotein envelope containing a single
strand of positive-polarity RNA. Two viral envelope glycopro-
leins, termed E1 and E2, exist and function as a heterodimer
and the site for antibody neutralization.>*® CHIK is antigenically
closely related to other alphaviruses, including O'nyong-nyong,
Mayaro, and Semliki Forest viruses, and is serologically indis-
tinct from O'nyong-nyong virus. CHIK is transmitted to humans
by Aedes mosquitoes, primarily A. aegypti and Aedes africa-
MQ.IQQQ,?.SO

Human infection with CHIK is manifested by the sudden
onset of fever, myalgia, headache, ocular pain, sore throat, nau-
sea, and vomiling.”® A maculopapular rash develops and is
accompanied by enlarged tender lymph nodes. Severe joint ar-
thralgias are common; they occur during the acute period and
can last for several months into convalescence. Hemorrhagic
manifestations can oceur during acute CHIK infection and were
observed during outbreaks in India and Southeast Asia. The
hemorrhagic manifestations of CHIK were first observed during
the early 1960s in Bangkok, Thailand, where approximately
10% of children admitted for dengue hemorrhagic fever were in
fact suffering from CHIK virus.?*%-%* Qutbreaks of CHIK have
been identified in Southeast Asia, India, Zambia, southeastern
Zimbabwe, and Zaire.

U.S. Military Significance

CHIK was not a major problem among U.S. forces deployed in
Vietnam and was not a significant factor in previous military
operations. As an arbovirus with epidemic potential that can
produce a sudden debilitating disease, its polential as a serious
military threat is considerable.
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U.S. Military Contributions

Military scientists have contributed to our understanding of
the epidemiology, transmission, and pathogenesis of CHIK virus
infections. The significance of CHIK virus as a human pathogen
was demonstrated during the early part of the dengue hemor-
rhagic fever outbreak in Southeast Asia, where its clinical man-
ifestations and potential as a hemorrhagic fever virus were de-
scribed. Military scientists also have contributed significantly in
the development of both killed and live attenuated CHIK vac-
cines, demonstrating low reactogenicity and high immunogenic-
ity in Phase I clinical studies.”™™

Summary of Key U.S. Military Contributions

The viral hemorrhagic fever viruses are a unique group of
viruses that can produce severe, highly fatal human illnesses
following the bites of mosquitoes or ticks, infected rodent or
domestic animal exposure, or contact with other infected hu-
mans. They share common features in being able to directly
induce cellular damage and to elicit an immune response among
humans that can result in severe hemorrhage, coagulopathy,
shock, and death. The characteristics of arthropod-borne or
rodent-borne transmission, combined with illnesses that result
in high morbidity and mertality rates, make the viral hemor-
rhagic fever viruses a unique threat to deployed soldiers around
the world. The viral hemorrhagic fever viruses have historically
been a major cause of disease for both U.S. and foreign soldiers,
are currently a major cause of morbidity among U.S. soldiers,
and will certainly be an ever-present disease threat for the U.S.
military. The key military contributions are as follows: (1) lead-
ers in the development of knowledge on the epidemiology and
pathogenesis of dengue fever and dengue hemorrhagic fever, (2)
development of numerous candidate dengue vaccines and a live
attenuated dengue tetravalent vaccine currently in human clin-
ical trials, {3) instrumental in gaining knowledge on the epide-
miology and pathogenesis of YF, including the discovery of its
transmission to humans from the bites of mosquitoes, (4) devel-
opment of fundamental knowledge on the epidemiology and
pathogenesis of the arenaviruses, {5} contributions in the char-
aclerization and testing of the Junin vaceine, (6) development of
fundamental knowledge on the epidemiology and pathogenesis
of filoviruses and filovirus vaccine development, {7) leaders in
the development of knowledge on the epidemiology and patho-
genesis of HFRS, {8) development of an effective antiviral drug
against HFRS, ribavirin, and the vaccine development program,
and {9) development of fundamental knowledge on the epidemi-
ology and pathogenesis of RVF and CHIK.
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