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History reveals a tremendous impact of respiratory pathogens
on the U.S. military, dating back to the time of the Revolution-
ary and Civil Wars, during which 90% of casualties were for
nonbattle injury, including several respiratory illnesses such
as measles, whooping cough, and complicated pneumonia.
The devastating impact of the influenza pandemic at the end of
World War I led to a more proactive approach to research into
the etiologies and potential preventive measures for such dis-
eases. The development of the Armed Forces Epidemiological
Board, with its subordinate commissions, coincided with the
massive mobilization for World War II. Efforts of the board
during and after the war led to significant progress against
many common pathogens, such as the landmark studies of
group A Streptococcus among young trainees at Warren Air
Force Base, which led to the development of highly effective
prophylactic and therapeutic strategies to prevent rheumatic
fever. Military pediatricians contributed greatly to this work,
as well as subsequent investigations into both the pathogen-
esis of and prophylactic therapy for a variety respiratory patho-
gens, including pertussis and respiratory syncytial virus. The
momentum of this work continues to this day, among re-
searchers from all three military branches.

Respiratory Illness and Disease and Nonbattle Injury

The story of the impact of infectious diseases on military
activities is surely one of disease and nonbattle injury, the
term used to report the combination of accidents and a much
larger component of infectious disease-related morbidity and
deaths. Respiratory pathogens have been a major component of
infectious disease-related morbidity and deaths in the military
as long as there have been military forces and in the U.S. mili-
tary since its inception. This article briefly reviews the historical
impact of respiratory diseases on the U.S. military and high-
lights a few of the key research efforts that have taken place over
the years to address these threats.

Revolutionary War and the Death of George
Washington

Although the Revolutionary War occurred more than 225
years ago, several aspects of the military medical challenges
during that war appear surprisingly familiar. The first national
military medical leader, Dr. Benjamin Church, who wore the
title Director General and Chief Physician, was faced with the
very modern challenges of consolidating many small, inefficient,
regional, regimental hospitals (preferred by the troops) into
larger general hospitals. As he worked to accomplish this, a
scandal arose when letters were revealed that indicated he was
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a British sympathizer, leading to his ouster. Despite this mod-
ern-sounding political intrigue, the numbers of patients hospi-
talized in the “middle district” reveal a significant impact of
disease and nonbattle injury cases, as wounded patients were
outnumbered by sick and convalescent patients by a ratio of
nearly 10 to 1.! A closer look at individual diagnoses for approx-
imately 300 patients in the Albany Hospital revealed that nearly
one-third suffered from obvious respiratory illnesses, including
cough, whooping cough, measles, hemoptysis, asthma, and
rheumatism (possibly suggesting significant numbers of cases
of rheumatic fever).! Technologic advances were unfortunately
crude, and a famous Dutch physician, Dr. Gerhard van Swieten,
whose published work on diseases associated with armies in-
fluenced British and American colonial medicine, recommended
“a large bleeding in the arm” as a general therapeutic approach
for the large numbers of patients with pneumonia and pleurisy, !
an attitude undoubtedly supported by the avid bloodletter Dr.
Benjamin Rush. Perhaps the most dramatic reflection of the
medical turmoil at that time is the reported history surrounding
the death of the beloved commander-in-chief and retired presi-
dent, General George Washington. George Washington came
from a short-lived line; his grandfather and father died at ages
38 and 49, respectively.? After he survived smallpox, cholera,
pleurisy, and intermittent fevers as a young man, Washington’s
lifestyle of moderation in diet and exercise seemed to keep him
healthy as a senior citizen. Upon the development of an acute
upper respiratory illness at the age of 67 in 1799, Washington
was attended by several physicians and friends. Drs. James
Craik and Gustavus Brown, who had both trained in Scotland,
argued with the younger, Philadelphia-trained Dr. Elisha Dick,
who recommended a tracheotomy for what he believed to be a
form of epiglottitis.? As often is the case, the elder physicians
carried the day and performed four serial bloodlettings, totaling
more than 70 ounces in volume, with the subsequent death of
the patient several hours later.23

American Civil War

During the early days of the American Civil War, the U.S.
military was again unprepared for the impact of significant non-
battle injuries and particularly infectious diseases. In his report
to General McClellan on February 7, 1863, Charles Tripler, the
Chief Medical Officer of the Army of the Potomac, lamented the
“constant recurring outbreaks of measles among the volun-
teers.” In his text “Epidemics Resulting from Wars,” published in
1916,* Dr. Friedrich Prinzing quotes the report of Surgeon Gen-
eral Joseph K. Barnes that of approximately 304,000 casualties
in the northern armies, more than 186,000 were attributable to
infectious diseases and, although this overall ratio of nearly 2:1
was a b-fold improvement since Revolutionary War days, the
ratio again rose to 10:1 among “colored” troops.® General Barnes
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reported specific disease categories, indicating that more than
9,000 deaths were attributable to measles alone and that, of
19,000 deaths among confederate prisoners (nearly one-half of
those incarcerated), more than one-half were attributable to
smallpox, measles, scarlet fever, erysipelas, or diseases of the
lungs or pleurisy.* Although therapeutic approaches lagged, the
greatest impact in reducing the incidence of these diseases was
brought about by a civilian movement to create a Sanitary Com-
mission to study and improve camp life (particularly hygiene
and diet), which was initially opposed by the War Department
and President Lincoln but was supported by the active efforts of
several civilian (particularly religious) leaders.®

World War I

The Army hospital system in the continental United Sates and
overseas was well designed and highly bureaucratic. Initially,
the great success of the typhoid vaccine and good camp hygiene
kept infectious diseases and nonbattle injuries to a minimum.
However, respiratory illnesses still represented a primary cause
of disruptions to camp life. A microcosm of the larger situation
is reported in the papers of Captain Adrian Landry, who wrote of
his work with Maj James B. Guthrie, who initially began the
base hospital at Camp Beauregard, Louisiana.” Initial chal-
lenges included outbreaks of measles and mumps and a brief
epidemic of meningococcal disease (requiring transient quaran-
tine procedures for the camp), which were treated largely with
the use of throat culture, patient isolation, and serum therapy.
On September 24, 1918, the hospital suddenly reported 260
cases of influenza. More than 4,000 cases were treated in the
next 4 months and, of 689 deaths that occurred between 1917
and 1919 at the camp, 468 were attributable to pneumonia,
primarily related to influenza.”

Influenza and Pneumonia Commissions: Development
of the Armed Forces Epidemiological Board

Much has been written in recent years about the impact of the
1917-1918 influenza pandemic on both military and civilian
populations. Certainly the impact on military populations can-
not be understated. Two popular histories document the dra-
matic reports of the speed and virulence with which this epi-
demic wreaked havoc across the globe.®9 This broad subject is
extensively discussed in those texts. One unexpected and ben-
eficial outcome of the medical management of respiratory dis-
eases in World War I was a significant commitment of resources
to ongoing programs to develop preventative strategies against
these infectious pathogens. Toward the end of World War I,
Surgeon General William Gorgas developed a series of commis-
sions to bring the best civilian and military scientific minds to
bear on ongoing and recurring infectious disease problems. Be-
fore the development of the influenza pandemic, in the spring of
1918 a Pneumonia Commission was formed by the Office of the
Surgeon General to study the unusually large numbers of com-
plicated cases of pneumonia and pleurisy occurring in the Eu-
ropean theater.!® During the influenza pandemic, Dr. Gorgas
assembled a special group led by several of the most famous
names in infectious disease, including Colonel Victor Vaughn,
Dr. Rufus Cole (president of the Rockefeller Institute), Dr.
Simeon Walbach (Harvard Medical School), and Dr. William
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Welch (recent president of the National Academy of Sciences).®
In the interwar period, there was a deeply entrenched institu-
tional memory of the impact of the influenza pandemic, and
several commissions continued. In the early years of World War
II, the military had the foresight to establish a permanent insti-
tution to establish and oversea the commissions and to further
identify infectious disease threats that merited recruitment of
military and civilian experts and resources to target key prob-
lems. This institution was initially chartered as the Army Epi-
demiological Board in 1941, which led directly to its postwar
successor, the tri-service Armed Forces Epidemiological
Board.!%!! From its inception during World War II to the present
time, and particularly during the years of the commissions (un-
til 1973), the Armed Forces Epidemiological Board played a
powerful role in both identifying infectious disease research
priorities and allocating personnel and material resources to
those efforts. An excellent history of the Armed Forces Epidemi-
ological Board was written for its 50th anniversary by one of the
modern icons of military medicine, Dr. Theodore Woodward, !
and is available online (http://history.amedd.army.mil/
default_index2.html) through the U.S. Army Medical Corps web-
site.

Charles Rammelkamp and the Streptococcus
Research Laboratory

One of the first major pathogens to be investigated in a sys-
tematic fashion by the then-titled Army Epidemiological Board
was group A B-hemolytic streptococcus (GABHS), in its role in
the development of acute rheumatic fever. Few recall that the
link between GABHS and rheumatic fever was unclear at one
point and was largely proven as a result of the first Commission
on Streptococcal and Staphylococcal Diseases, which was in
effect from 1941 to 1946. With the continuation of a peacetime
draft for nearly three decades after World War II, ongoing prob-
lems with scarlet fever and rheumatic fever continuously arose,
particularly at the large training facilities among services. These
GABHS-related diseases were particularly problematic at War-
ren Air Force Base in Cheyenne, Wyoming. Warren was then a
training base, before its later and current use as an interconti-
nental missile base. At 6,000 feet above sea level, with an un-
forgiving local climate that boasted truly artic winters and with
thousands of young men arriving for training in close quarters,
the base served as a perfect site for some of the most fundamen-
tal and clinically relevant streptococcal research ever done.'?
This work was directed by Dr. Charles H. Rammelkamp, Jr.,
who led a multifaceted team of primarily military researchers,
with a close relationship and staffing ties to Western Reserve
University in Cleveland. Some of the most famous recent respi-
ratory pathogen researchers began their careers as military of-
ficers in Dr. Rammelkamp’s laboratory, including Floyd W.
Denny and Louis W. Wannamaker; the latter subsequently
served as director of the commission.!? Their landmark 1950
article was by far the best scientific evidence to that date proving
the efficacy of penicillin treatment of GABHS pharyngitis in
preventing subsequent acute rheumatic fever.!® In addition,
their later work proved that penicillin was superior to tetracy-
cline or sulfa drugs for the treatment of GABHS, that there was
a window of less than 10 days in which to affect the risk of
subsequent acute rheumatic fever, and that 10 days of therapy
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was superior to shorter courses. Further studies established the
utility of penicillin prophylaxis in the prevention of streptococcal
disease and subsequent acute rheumatic fever.” These funda-
mental studies led to receipt of the Albert Lasker Award by the
Streptococcal Disease Laboratory and Armed Forces Epidemio-
logical Board in 1954.

The Chief and the Cough

It was a favorite joke of “The Chief” when the differential
diagnosis turned to the topic of pertussis. When quizzed about
which antibiotic should be used for patients with the disease,
the unsuspecting medical student or resident would often come
up with the correct answer of erythromycin. The next question,
of who performed the definitive studies of erythromycin use in
pertussis infections, would most often be met with stony silence,
at which the old pediatrician would burst out laughing and say
“I did!”

James Willis Bass was one of the giants of U.S. Army Pediat-
rics and Pediatric Infectious Disease. He began his career as a
U.S. Army general pediatrician, with 3-year stints at Fort De-
trick and Madigan Army Medical Center, followed by a National
Institutes of Health-sponsored fellowship in pediatric infectious
disease at Tulane University. It was during this time that his
interest in pertussis began. Although a vaccine for pertussis had
been developed in the 1930s and had been administered nation-
ally as a whole-cell portion of the diphtheria-pertussis-tetanus
combination vaccine since the early 1950s, local epidemics of
pertussis continued to occur in medically underserved popula-
tions in the United States. One such outbreak occurred in New
Orleans in 1968, providing an opportunity for Dr. Bass and his
colleagues to answer some of the unanswered questions of the
disease.

It had long been speculated that an asymptomatic carrier
state existed for pertussis. To better evaluate this, Dr. Bass
helped culture samples from more than 1,000 healthy babies,
preschoolers, and school children during the height of the New
Orleans epidemic. Not a single positive culture for pertussis was
found among these asymptomatic patients. This contrasted
with the five positive cultures obtained from 89 patients known
to be contacts of children with culture-proven pertussis. Of
these five, two patients had upper respiratory symptoms, one
was recovering from bronchiolitis, and two later developed a
cough. From these findings, the authors concluded that an
asymptomatic chronic carrier state did not exist for pertussis.!®

Next, Dr. Bass turned his attention to the susceptibility of
Bordetella pertussis to antimicrobial agents in the laboratory.
Thirty-six isolated strains from geographically distinct regions
of North America were tested for their sensitivity to nine different
antimicrobial agents. This type of research was not without its
dangers. Colonel Bass relished telling the story of traveling to a
remote bayou of Louisiana to collect a specimen, only to be
greeted by a suspicious local armed with a shotgun. The results
of the research were fruitful, because erythromycin was found to
be superior in its in vitro activity against pertussis, compared
with frequently used therapies of the time such as amoxicillin. !¢

The final major study to come out of Dr. Bass’ research with
pertussis was his elegant comparison of antimicrobial treat-
ments of pertussis in vivo. Fifty children with clinical pertussis
and an initial nasopharyngeal specimen positive for B. pertussis
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by culture and fluorescent microscopy were admitted to the
study. They were divided into groups of 10 and were randomized
to treatment with ampicillin, oxytetracycline, erythromycin, or
chloramphenicol or were left untreated as control subjects. An-
timicrobial therapies were usually able to be started only during
the paroxysmal phase of the disease and were continued for a
minimum of 7 days. Nasopharyngeal smears were repeated for
all patients at 2- to 5-day intervals after admission until they
were consistently negative for B. pertussis by culture and fluo-
rescent microscopy. The results of the study showed no signif-
icant effect on the course of the disease when antimicrobial
therapies were started in the paroxysmal phase, but erythromy-
cin was found to eliminate pertussis organisms from patients
with the disease in “a matter of days.” Additionally, Dr. Bass
speculated that erythromycin given earlier in the disease course
might “abort or attenuate the illness” and “be of value in pro-
phylaxis against pertussis in exposed individuals.””

Colonel Bass continued to have an interest in pertussis
throughout his military career. He wrote letters, journal articles,
and reviews commenting on antimicrobial treatments for per-
tussis infections, pertussis-culturing techniques, and the “car-
rier state.” He also addressed the issues of newborn infants and
passive immunity to pertussis, as well as the return of epidemic
pertussis to the United States. His legacy lives on, 35 years after
his original research, in the pages of the 2003 American Acad-
emy of Pediatrics Red Book, which states the following about
pertussis:

Antimicrobial agents given during the catarrhal stage may
ameliorate the disease. After the cough is established, an-
timicrobial agents may have no discernible effect on the
course of the illness but are recommended to limit the
spread of organisms to others. The drug of choice is eryth-
romycin estolate. . . .18

James Bass's legacy was far greater than his research on
pertussis. In more than 40 years of service to the U.S. military,
he was author or coauthor of more than 200 abstracts, book
chapters, and scientific articles. Key among these were articles
on the treatment of streptococcal pharyngitis and cat-scratch
disease, as well as a protocol for the evaluation of febrile infants.
During his decades as “The Chief” at Tripler Army Medical Cen-
ter in Honolulu, he trained 22 Fellows in pediatric infectious
disease and 146 general pediatricians, three-fourths of all those
who had ever trained at that institution. Dr. Bass will long be
remembered as an outstanding physician, teacher, and mentor
to all those whose lives he touched.

Respiratory Syncytial Virus and Development of
RespiGam and Synagis

The Uniformed Services University of the Health Sciences
(USUHS) enrolled its first class in 1976 and needed to rapidly
develop an experienced cadre of teaching staff for the clinical
clerkships. Dr. James Bass was invited by Dean Jay Sanford to
be the first chair of pediatrics and to develop a core teaching
staff in that specialty. One of the first staff members he recruited
was his recent Fellow, MAJ Gerald Fischer, MC USA, who was
then at Tripler Army Medical Center. Dr. Fischer played a sub-
sequent role in recruiting Dr. Val G. Hemming, an Air Force
pediatric infectious disease specialist from David Grant Medical
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Center at Travis Air Force Base in California. Dr. Hemming
recalled that, when he first came to Washington, Jerry Fischer
gave him several reasons why he should buy a house near Jerry
in the then-new suburban Montgomery Village development;
months after he did so, Jerry moved to a house in the older part
of Bethesda, citing several reasons why it was advantageous to
be close to work. He stated “Jerry was a hard guy to keep up
with” (V.G. Hemming, personal communication). The USUHS
was a highly flexible institution, not only including a true tri-
service staff but also working closely with a large number of the
federal facilities in the metropolitan District of Columbia region.

Drs. Hemming and Fischer shared an interest in the preven-
tion and treatment of group B Streptococcus, particularly inves-
tigating passive immunotherapy using pooled immunoglobulin.
In one of their therapeutic trials, their colleague Dr. Leonard
Weisman, a senior Army neonatologist then at Fitzsimmon Army
Medical Center (subsequently the director of the neonatology
fellowship program at Walter Reed Army Medical Center and
USUHS), was surprised to see rapid improvement for “Baby
Moose,” a Native American infant who had received intrave-
nously administered immunoglobulin but was subsequently
found to have not group B streptococcal disease but respiratory
syncytial virus (RSV) pneumonia (V.G. Hemming, personal com-
munication). They began to investigate the possibility that pas-
sive antibody treatment might be therapeutic against RSV. Con-
currently, Dr. Hemming collaborated closely with a civilian
respiratory virus researcher, Dr. Greg Prince, who had the un-
usual combined training as both a doctor of pathology and a
doctor of dentistry. Dr. Prince worked part-time studying the
pathogenesis of paramyxoviruses at the National Institutes of
Health, in addition to operating a successful private dental prac-
tice. Dr. Prince used his extensive experience with a then-ob-
scure animal model of RSV disease, Sigmodon hispidus (the
cotton rat), to prove the efficacy of passive immunotherapy with
anti-RSV antibody. He and Dr. Hemming discovered that pro-
phylactic antibody treatment was highly effective in preventing
RSV pneumonia in animals, with results proportional to the
circulating neutralizing antibody titer achieved.!® Eventually,
Drs. Hemming, Fischer, and Prince formed an amazing collab-
oration to prepare for the development and testing of immuno-
prophylactic products against RSV. Dr. George Siber of the
Massachusetts Public Health Laboratory was able to procure
enough pooled, high-titer, anti-RSV immunoglobulin from anti-
body screening of plasma donors (essentially experimental lots
of the future product RespiGam) for clinical testing. Dr. Carol
Heilman of the National Institute of Allergy and Infectious Dis-
eases helped sponsor initial clinical testing performed at several
sites with the assistance of Dr. Jessie Groothuis, a Denver
neonatologist with a particular interest in RSV among high-risk
premature infants. Thousands of anti-RSV neutralizing anti-
body titer assays for infants enrolled in these trials were per-
formed in Dr. Hemming's laboratory at USUHS, while further
animal testing of RSV immunoglobulin continued at a separate
research institute, Virion Systems, run by Dr. Prince. In addi-
tion, a newly formed biotechnology company, MedImmune Inc.,
run by two retired U.S. Army researchers, Drs. Frank Top and
Wayne Hockmeyer, became involved early and eventually spon-
sored product research and development, under a complex legal
agreement among all parties set up by the Henry M. Jackson
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Foundation (V.G. Hemming, personal communication). In the
first major clinical study, released in 1993, 750 mg/kg per
month doses of the intravenously administered polyclonal im-
munoglobulin product led to significant reductions in the num-
bers of hospitalizations, hospital days, and particularly inten-
sive care unit days among high-risk infants.?® Despite a
convoluted course, including a spectacularly opinionated initial
Food and Drug Administration hearing, followed by an even
larger clinical study (the PREVENT study, which showed similar
results?!), these efforts eventually led to the licensure of the
polyclonal immunoglobulin RespiGam product for the preven-
tion of severe RSV disease among high-risk infants. The success
of this product led to later development of a monoclonal anti-
body, Synagis, which proved much easier to administer as an
intramuscular injection in the office.?? The resources generated
from these products through the collaborative agreement with
USUHS have extensively supported the research work of several
pediatric and adult infectious disease Fellows, the renovation of
the USUHS Department of Pediatric Research laboratories, and
several graduate student stipends in the Emerging Infectious
Disease Program.

The Story Continues

Military research into respiratory pathogens continues at a
vigorous pace, often pursuing the same pathogens that have
perennially plagued both military and civilian populations. Cli-
nicians at the major training centers still periodically grapple
with prevention of outbreaks of streptococcal disease and sub-
sequent rheumatic fever. Researchers at the Armed Forces In-
stitute of Pathology continue to study the structure of the 1918
influenza virus at the molecular level to attempt to unlock the
secrets of its virulence.?® The U.S. Air Force began tracking the
patterns of the global spread of influenza through Project Gargle
in 1976, which quickly became part of the Department of De-
fense Global Emerging Infections System, which shares this and
similar information with the Centers for Disease Control and
Prevention and the World Health Organization.?* Researchers at
the Naval Health Research Center in San Diego work to track
outbreaks of bacterial and viral respiratory diseases around the
globe, again as part of the Department of Defense Global Emerg-
ing Infections System. The cotton rat, which was used to study
and design prophylactic immunotherapy against RSV, has been
used more recently by researchers at the USUHS and Virion
Systems, Inc. to study the pathogenesis and treatment of influ-
enza.?®?% As has been said in the past, “We stand on the shoul-
ders of giants,” and in few places is this truer than in the military
research efforts regarding respiratory pathogens.
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