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The U.S. military has a long and illustrious history of involve-
ment with vaccines against infectious diseases. For more than
200 years, the military has been actively engaged in vaccine
research and has made many important contributions to the
development of these products for use in disease prevention
and control. Through the efforts of military researchers, nu-
merous serious threats to the health of American troops and
their families have been mitigated.

Introduction

The history of vaccination conventionally dates from Jenner’s work
published in 1798, which demonstrated that deliberate inocula-

tion with material from cowpox lesions resulted in protection against
smallpox.1 Following a relatively quiescent period of more than 85
years, the nascent field of vaccinology began in earnest in the last
quarter of the 19th century, heralded by a series of discoveries that
established the modern fields of bacteriology, microbiology, and im-
munology. With the 1931 discovery by Goodpasture that chorioallan-
toic membranes of fertile hens’ eggs supported viral growth, coupled
with the landmark demonstration by Enders, Weller, and Robbins in
1949 that viruses could be efficiently grown in tissue culture outside
of a living host, vaccinology truly entered its “golden age.”1 Figure 1
provides a time line for vaccine development within the historical
context of the 200 years since Jenner’s discovery.

U.S. military interest in the concept of immunization pre-
ceded the work of Jenner and continues unabated today. His-
torically, communicable diseases have been extremely impor-
tant to the military, because infectious illnesses contribute
greatly to troop morbidity and mortality rates in times of both
war and peace. For this reason, vaccines against infectious
diseases not only are widely used by the military to protect the
fighting forces but also have been the focus of longstanding,
substantial, military research efforts. In fact, the military has
been a prime mover in many areas of vaccine development, in
some cases because of military exigencies and in others because
of the availability of military scientific expertise related to a
specific public health problem.

In this article, we highlight areas of vaccine research in which
the military has contributed in a substantive way and we provide
insights regarding some of the key figures in this illustrious his-

tory. The definition of “contribution” in this work involves findings
by U.S. military researchers that led, either directly or indirectly, to
an effective, licensed vaccine against a human pathogen. There-
fore, significant epidemiologic, microbiologic, or immunologic dis-
coveries or pivotal clinical trial findings constitute contributions.
We have excluded other work that, although important in advanc-
ing vaccine science, does not meet the criteria. Such work includes
areas of active or previous military research that have not resulted
in an effective vaccine, development of vaccines used by the mili-
tary in which military researchers played no significant role, and
nonpivotal clinical trials performed in a military setting. We have
also omitted coverage of certain infectious diseases, e.g., bioterror-
ism-associated diseases, viral hepatitis, and encephalitides, that
are discussed in detail in other articles in this supplement. Table I
presents a comprehensive summary of U.S. military contributions,
as defined, to vaccines against infectious diseases. We have en-
deavored to review selected highlights of military vaccine history.

Smallpox and the Inoculation of the Continental Army

Smallpox, caused by the brick-shaped virus variola, was en-
demic in Europe and elsewhere during the early modern period
(1400–1700), periodically erupting in epidemics that ravaged
whole cities, killing nearly 30% of the victims and leaving the rest
immune but scarred. In the 1720s, Lady Mary Wortley Montagu
introduced to England the Near Eastern practice of variolation, i.e.,
the deliberate infection of a healthy subject with dried pus from
smallpox pustules through an incision in the upper arm. Inoculees
generally endured a mild case of disease and gained lifelong im-
munity, although 2 to 3% died as a result of smallpox contracted
through the procedure.1 The practice of variolation spread slowly
to Europe’s ruling classes, raising hopes that smallpox might be
conquered and complementing Enlightenment precepts of applied
reason and proactive statehood.2

In Colonial North America, where a dispersed population kept
smallpox in relative check, sporadic inoculation began during a
1721 epidemic in Boston. Cotton Mather, the Puritan divine and
scientist, inoculated 242 persons, of whom only six died.3 By the
middle of the century, American luminaries such as Benjamin
Franklin celebrated the “uncontroverted success” of the tech-
nique.4 Nonetheless, inoculation sparked resistance. Physicians
and clergymen in Boston accused Mather of mocking God’s will
by interfering with the course of a plague, rather than address-
ing its effects. Variolation had other drawbacks, for example,
cost, including not only the hefty price of the procedure itself but
also the labor time lost during the 1- to 2-month preparation for
and recovery from the induced illness. In addition, inoculees
posed a clear transmission risk to the rest of the population. As
a result of these concerns, every colony except Pennsylvania
passed laws to restrict the practice.2
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During the War of the American Revolution (1775–1783), a mas-
sive smallpox epidemic brought the inoculation controversy to the
fore. Although the Continental Army faced British troops who were
largely immune to the disease, as a result of either childhood expo-
sure or army inoculation, most colonists were susceptible. Wartime
conditions brought men from diverse geographic locations into
crowded camps and then shipped them through civilian populations,
expanding variola transmission into vulnerable populations. Many of
the enlightened statesmen in the Continental Congress considered
smallpox the Army’s most dangerous enemy and inoculation its only
hope. However, in grappling with what John Adams called “the King
ofTerrors toAmerica,”GeneralGeorgeWashingtonencounterednon-
scientific barriers that ultimately stemmed from his own country-
men’s fear of concentrated authority.5

Smallpox struck shortly after hostilities began at Lexington
and Concord during April 1775. Militiamen converged on the
British Army encampment in Boston, trapping their country-

men and the British inside the seaport. By early summer, the
first cases of smallpox appeared on Boston’s streets, prompting
some to pay for inoculation and others to proclaim that inocu-
lation itself only magnified the epidemic. Washington recognized
the dire threat posed to his troops but also gleaned that inocu-
lation would render them unfit for service for weeks or months.
Long skeptical of the practice, Washington opted instead to
isolate diseased troops.6 Although such measures prevented a
major outbreak among the troops in 1775, the epidemic wid-
ened. Variola flourished in the crowded camps during the Amer-
ican expedition to Quebec in the winter of 1775–1776. In Mon-
treal, 1,800 of the 7,000 American troops died from smallpox in
the last 2 weeks of May alone.7 Washington, whose strategy
revolved as much around preserving his own army as around
defeating the British, knew that further outbreaks would seal
the defeat he had endured on the battlefield during 1776.

Inoculation of the entire Continental Army, man by man, repre-

Fig. 1. Time line of important events in vaccine history, anchored by world events.
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sented one way to stop smallpox. From 1775 to 1776, the idea
percolated among delegates to the Continental Congress in Phila-
delphia. A bastion of colonial medicine and Enlightenment sci-
ence, revolutionary Philadelphia was the home of Dr. Benjamin
Rush, chair of Congress’ Medical Department (Fig. 2). Rush had
been inoculating patients since 1769, and he exemplified the En-

lightenment belief that science could uplift “the whole family of
mankind.”8 Through mass inoculation, Rush and others argued,
the ancient scourge of smallpox could be tamed, saving the Con-
tinental Army and thus the infant republic.9 However, inoculating
the entire Continental Army represented a logistical nightmare.
Every regiment would have to identify its susceptible troops, send

TABLE I

U.S. MILITARY CONTRIBUTIONS IN VACCINES AGAINST INFECTIOUS DISEASES

Disease/Agent Dates Military Relevance Military Contribution Key Personnel

Smallpox 1777 Highly contagious scourge
of troops

First large-scale inoculation of an army Gen George Washington,
Dr. Benjamin Rush

Yellow fever 1900 Epidemic disease associated
with high mortality rates
in American-occupied
areas

Demonstrated that the etiologic agent was a
filterable virus transmitted by Aedes aegypti
mosquitoes, leading to disease control through
vector eradication and, eventually, through
vaccination

MAJ Walter Reed, Maj
James Carroll,
Aristide Agramonte,
Jesse Lazear, COL
William Gorgas

Typhoid 1909 Communicable cause of
outbreaks among
deployed troops

Development of killed typhoid vaccine that
became mandatory for all Army and Navy
personnel in 1911 and greatly reduced the
morbidity and mortality rates of typhoid among
military personnel

Maj Frederick F. Russell

Pneumococcus 1945 Prominent respiratory
pathogen among troops

Tested first multivalent polysaccharide vaccine at
the Army Air Base, Sioux Falls, SD (under the
auspices of the Armed Forces Epidemiological
Board), reduced incidence of pneumonia and
the pneumococcal carrier state

Dr. Colin MacLeod, Dr.
Michael Heidelberger,
Lt Richard Hodges

Hepatitis A 1945;
1985–1990

Cause of major outbreaks
among troops in settings
of military conflict

1945, demonstrated that passive immunization
with pooled normal human immunoglobulin
could prevent or attenuate disease; 1980s–
1990, investigated safety and immunogenicity
of inactivated vaccines and directed a pivotal
efficacy study of inactivated hepatitis A vaccine
among �40,000 Thai children

Col Charles Hoke, Lt Col
Bruce Innis, Dr. Len
Binn, Dr. Stanley
Lemon

Adenovirus 1952–1969 Major cause of ARD among
recruits, disruptions in
training, economic losses

Isolated causative agent, later named adenovirus,
at Fort Leonard Wood; described epidemiology
and clinical spectrum of adenovirus infections;
developed killed bivalent vaccine; recognition of
SV40 contamination; developed oral,
attenuated, multivalent vaccine

Dr. Maurice Hilleman,
COL Edward
Buescher, Maj
Franklin Top, Col
Phillip Russell

Influenza 1957 Epidemic and pandemic
disease impeding military
readiness and fighting
force

Described antigenic drift and shift, developed
surveillance system for epidemic disease

Dr. Maurice Hilleman

Rubella 1961 Consequences of disease in
pregnancy affect military
families

Isolated the causative virus after noting
interference with enteroviral growth in African
green monkey kidney cell cultures, led to
development of a safe effective vaccine using
this virologic technique

Cpt Paul Parkman, Cpt
Malcolm Artenstein, Lt
Col Edward Buescher

Meningococcal
disease

1966–1972 Epidemic meningitis in
basic training settings
causes significant
morbidity and mortality
among troops

Described immunologic responses to the bacteria
and identified protective responses, developed
first polysaccharide immunogen and proved its
efficacy in clinical trials

Dr. Malcolm Artenstein,
Dr. Irving
Goldschneider, Dr.
Emil Gotschlich, Maj
Ronald Gold

Japanese
encephalitis

1950s;
1980s

Epidemic neurologic disease
in Asia; outbreaks in
American forces in Korea;
potential for impacting
deployed troops
throughout Asia

Early attempts at vaccination (World War II);
significant contributions to the epidemiology
and ecology of the virus in the 1950s to 1960s,
pivotal field trial of inactivated vaccine in
Thailand

Dr. Joseph Smadel, Dr.
Albert Sabin, Cpt
Edward Buescher, Cpt
William Scherer, Col
Charles Hoke

Hepatitis B 1970s–
early
1980s

Bloodborne and sexually
transmitted disease

Demonstrated protective effect of antibodies Dr. Saul Krugman, Col
William Bancroft, Dr.
Maurice Hilleman
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them to a secure inoculation center (to prevent inadvertent trans-
mission), and then wait for them to recover.

Washington had reservations about the plan, because he
knew that the American war effort was hamstrung by the very
principles that had propelled the Revolution; patriot leaders
feared centralized authority, and a similar spirit pervaded the
rank-and-file forces. Continental troops thought of themselves
as contracted laborers who fought for a designated span of time
and for a specified wage only. In this way they defined them-
selves against the redcoats, who suffered under the heels of
brutal haughty officers. Although Washington tried to bring the
discipline of European armies to his own troops, they remained
undersupplied, unruly, and altogether unsuited for an effort on
the order of mass inoculation.10 Despite Washington’s reserva-
tions regarding mass inoculation, circumstances forced his
hand. The New Year 1777 ended the enlistment terms for the
bulk of the Continental Army, and not even their victory at the

Battle of Trenton on December 26, 1776, could convince the troops
to sign on for further service. Of the 11,000 soldiers Washington
commanded at Trenton, only 1,400 remained by early January.
The Army simply melted away, leaving Washington to wait for new,
smallpox-naive recruits to join camp in New Jersey.11 New cases of
smallpox began to appear within weeks. Therefore, on February 5,
1777, Washington ordered the inoculation of all susceptible troops
in the Continental camp and of every new recruit, the first time an
American force had been immunized by command order.

With the active unwavering support of Benjamin Rush, Wash-
ington enjoined regimental commanders to have all new soldiers
“inoculated, and in all respects prepared for the field” before
they reached camp.12 His letters made clear that inoculation
ranked as a regiment’s first priority, topping even supply and
recruitment.13 Despite the Continental Army’s administrative
and disciplinary deficiencies, the new directive worked remark-
ably well. For more than a year, the Army provided free compul-
sory inoculation for all soldiers. The new policy simply codified a
practice that many had sought on their own, often against or-
ders, in 1775 and 1776.14 Washington did not detect (or at least
did not record) any resistance from the troops.

By the time Washington temporarily halted the inoculations
in 1778, the Continental Army was free of epidemic smallpox.
Sporadic cases emerged for the duration of the war, but never
again did variola devastate an American force as it had in Can-
ada in the winter of 1775–1776. Prompted and enabled by En-
lightened science, the Army’s inoculation program robbed the
British of a major tactical advantage.

Yellow Fever Control and Vaccine Development

Yellow fever, a systemic viral disease endemic to sub-Saharan Af-
rica, was probably first transported to the Americas by infected “stow-
away” mosquitoes on sailing vessels used in the slave trade. It quickly
spread to nonimmune populations in major seaports from Boston to
New Orleans to Havana, causing recurrent epidemics in coastal
America from the 1600s to the early 20th century.15 Epidemic yellow
fever crippled the fledgling national capital of Philadelphia in 1793,16

nearly wiped out Napoleon’s expeditionary forces in New Orleans in
1801 (convincing Napoleon to sell the Louisiana Territory to the
United States), and destroyed the valiant French effort to build the
Panama Canal in the 1880s.17 Nonimmune workers in the Canal
Zone developed a febrile illness associated with flushing, headache,
and myalgia, followed by a brief interlude of relative remission of
symptoms that heralded the recurrence of fevers accompanied by
jaundice, mucosal hemorrhage, “black vomit” (hematemesis), shock,
and, inevitably, death. Fully loaded supply ships dropped off equip-
ment for the canal excavation project and returned fully loaded with
caskets of dead workers, most of whom died of yellow fever or malaria.
The French effort was abandoned in 1889 after enormous financial
losses (estimated to be in excess of $300,000,000) and the loss of
nearly 22,000 workers to yellow fever.17

The U.S. military’s involvement in yellow fever control began in
1897, with the establishment by President McKinley of a scientific
commission to study its causes.18 The acquisition of Cuba by the
United States in the Spanish-American War provided impetus to the
commission’s work, because the disease was rampant throughout
the island, and Cuba served as a staging area for the exportation of
yellow fever to susceptible populations in coastal U.S. cities. Surgeon
General George Sternberg appointed a young officer in the Army

Fig. 2. Dr. Benjamin Rush, physician, teacher, and humanitarian. Benjamin
Rush (1746–1813) embodied the progressive spirit of the Enlightenment. A gradu-
ate of the College of New Jersey (now Princeton University) in 1760 at the age of 14,
he studied medicine under Dr. John Redman in Philadelphia before crossing the
Atlantic to Scotland, where he earned his medical degree at the University of
Edinburgh in 1768. Rush returned to America in 1769 and opened a private practice
in Philadelphia, becoming America’s first chemistry professor in the College of
Philadelphia’s Medical Department. In 1776, he was elected a member of the Con-
tinental Congress and signed the Declaration of Independence. The same year,
Rush contributed his medical proficiency to the cause, serving as a surgeon in the
Continental Army, and was appointed Surgeon General of the Armies of the Middle
Department. His visionary support for programmatic smallpox inoculation helped
save Washington’s troops from the ravages of variola. In 1789, Rush returned to
teaching medicine at the College of Philadelphia and became the chairman of the
Institutes of Medicine and Clinical Practice at the newly formed University of
Pennsylvania. He taught more than 3,000 medical students during his career (pho-
tograph courtesy of the American Antiquarian Society; used with permission).
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Medical Corps, MAJ Walter Reed, to head the commission (Fig. 3).19

The Yellow Fever Commission correctly focused its attention on the
mechanisms of disease transmission, rather than its etiology. Al-
though Reed was convinced that a bacterial etiology (i.e., Sanarelli’s
Bacillus icteroides hypothesis) was unlikely,20 actual identification of
the viral etiology of yellow fever was decades away.

A number of different hypotheses concerning yellow fever trans-
mission, including those involving fomites or airborne “miasmas”
related to poor sanitation, were widely held at the time.21 Carlos
Finlay, a Cuban physician, first proposed that yellow fever was
transmitted by a mosquito vector in 1881.22 His work was ham-

pered by numerous experimental limitations and, despite exhaus-
tive attempts, Finlay was ultimately unable to prove his hypothe-
sis. Reed, however, thought the mosquito hypothesis had merit. In
preliminary experiments by the commission in 1900, Culex fascia-
tus mosquitoes (later renamed Aedes aegypti) were allowed to
obtain a blood meal from a patient with yellow fever. The mosqui-
toes were then “ripened” in test tubes for more than 12 days,
which, unbeknownst to the researchers, allowed the virus to rep-
licate and migrate to the salivary glands of the mosquito. One
commission member, Dr. James Carroll, became seriously ill with
yellow fever after an intentional bite from one of the infected vec-
tors; another, Dr. Jesse Lazear, died from yellow fever after unin-
tentional exposure to an experimentally infected mosquito.23,24

On the basis of their preliminary data, commission members
designed a detailed series of experiments to confirm the mosquito
hypothesis. These involved intensively exposing military volun-
teers either to blood-soaked linens, towels, and bedclothes from
yellow fever victims (testing the fomite hypothesis) or to infected
mosquitoes. An attack rate of more than 80% was observed in the
latter group of volunteers, compared with no cases in the former.
These experiments also elucidated the 12-day (in summer) to 17-
day (in winter) incubation period in the mosquito vector. Additional
experiments proved that the agent was transmissible by blood
from an infected patient, that pasteurizing the blood prevented
transmission, and that blood remained infectious after filtration
through a submicron filter, thus confirming that the causative
agent was a submicroscopic organism. Interestingly, the commis-
sion’s experiments also pioneered the use of informed consent in
research involving human subjects,18 providing the basis for the
initial draft of the Declaration of Helsinki for the use of human
subjects in medical research in 1964.25

The Yellow Fever Commission’s findings led directly to the con-
trol of yellow fever in Cuba through the application of vector-
control programs. MAJ William Gorgas was given the responsibil-
ity of directing the Yellow Fever control programs in Cuba and
subsequently in the Panama Canal Zone.26 After gaining indepen-
dence from Colombia, the Panama Canal Zone became an Ameri-
can-controlled territory by treaty in 1903, providing the United
States with the opportunity to complete the task abandoned years
earlier by the French, namely, building the Panama Canal.17 Pre-
dictably, the American effort was beset by the same problems of
yellow fever, malaria, and other diseases experienced by their pre-
decessors. As in Cuba, however, aggressive vector-control pro-
grams proved their efficacy; within 16 months, Gorgas and his
teams eliminated yellow fever from the Canal Zone.27

The work of the military’s Yellow Fever Commission and military
efforts to control tropical diseases in Cuba and Panama were in-
strumental in convincing J.D. Rockefeller to invest enormous re-
sources in work on diseases of relevance to public health; the
Rockefeller Foundation was established in 1913. Gorgas, by then
the retired Surgeon General and a highly influential physician and
scientist, assumed leadership of the Rockefeller Foundation’s
commitment to yellow fever research and worked tirelessly with
the Foundation to help control yellow fever in South America.27

Public health researchers recognized that a vaccine was the most
practical approach to the control of yellow fever in large rural and
urban populations in sub-Saharan Africa and South America.
Investigators at the Rockefeller Institute sought to attenuate yellow
fever virus for vaccine production by serial passage of the virus in

Fig. 3. MAJ Walter Reed. Walter Reed (1851–1902), the son of a Methodist minister
from Virginia, received his first medical degree in 1869 from the University of Virginia
and a second medical degree in 1870 from Bellevue Hospital Medical College in New
York City. While serving as an assistant sanitary officer in Brooklyn, he developed a
lifelong interest in communicable diseases. Reed joined the Army Medical Corps in
1875 and was assigned largely to outposts in the American West. After advanced study
in bacteriology in the early 1890s at Johns Hopkins Hospital, he was assigned to Cuba
in 1899 to study typhoid fever, a major problem for American troops during the
Spanish-American War. This led to work on cholera and malaria and his seminal work
as the leader of the Yellow Fever Commission at Camp Lazear in 1900. Although he
died from peritonitis following rupture of his appendix in 1902, Reed lived to see the
importance of his discoveries in the eradication of yellow fever from Cuba, a public
health standard that still stands today for the control of vector-borne diseases world-
wide (photograph courtesy of Historical Collections and Services, Claude Moore Health
Services Library, University of Virginia; used with permission).
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animal tissues, as Pasteur had done with rabies vaccine.28 This
approach proved problematic, however, because serial passage in
mouse brain tissue attenuated viscerotropic virulence but the vi-
rus became more neurotropic. Rhesus monkeys vaccinated with
the attenuated virus were protected from wild-type virus challenge
but occasionally developed fatal encephalitis.28 Theiler and
Smith,29 at the Rockefeller Institute, subsequently found that se-
rial passage of wild-type virus in chick embryos resulted in a viral
strain attenuated in both viscerotropic and neurotropic activity.
This attenuated strain, 17D, induced long-term immunity against
yellow fever in Rhesus monkeys and nonimmune human volun-
teers, and it has proved to be remarkably safe and effective in more
than 60 years of use.

Acute Respiratory Disease among Recruits and
Adenovirus Vaccine

Acute respiratory disease (ARD) has always been a leading
cause of morbidity among military recruits.30 Compared with
age-matched civilian populations, military personnel appear to
be at increased risk of respiratory infections for a variety of
reasons, including crowded living conditions and physical stres-
sors.31 ARD in military recruits represents a syndrome caused
by a wide variety of microorganisms. In the early 1950s, military
researchers produced the first of numerous successes against
these agents. Like so many important scientific discoveries, this
initial success demonstrated the Pasteurian axiom of “chance
favoring the prepared mind.”

Following his doctoral work at the University of Chicago and a
stint in the industrial sector at Squibb Laboratories, Maurice
Hilleman (Fig. 4) joined the scientific staff at the Walter Reed
Army Institute of Research (WRAIR), eventually becoming the
chief of the Department of Respiratory Disease Research. Dur-
ing the early days of his tenure at WRAIR, his research largely
focused on global influenza epidemiology and surveillance.32 In
the course of investigating an influenza epidemic at Fort Leo-
nard Wood in 1952–1953, Hilleman led a study to compare
wild-type virus collected from the throat washings of ill recruits
with virus propagated in embryonated hens’ eggs to determine
whether viral adaptation during passage would alter antigenic
specificity.33 During the course of the fieldwork, however, the
clinical characteristics of the outbreak changed and it became
apparent to the investigators that another etiology had super-
vened. Nevertheless, the specimen collections continued, be-
cause Hilleman thought that “the possible personal conse-
quences of a flawed and expensive investigation was [sic]
recognized and the logic for extrication, in this instance, seemed
to be to search for the cause of the second respiratory disease (p
508).”32 Using explant tissue culture techniques described by
Enders et al.1 just 5 years previously, Hilleman’s team isolated
multiple strains of a novel virus from the throats of recruits.34

The newly discovered agents were subsequently determined to
be the major cause of ARD and primary atypical pneumonia in
noncombat military settings, with as many as 80% of recruits in
some settings developing infection and 20% requiring hospitaliza-
tion.35 The latter rate translated into hundreds of hospital admis-
sions per week at some large recruit centers.36 Newly available
tissue culture techniques facilitated the development of quantita-
tive assays for the viruses, resulting in the expeditious character-
ization of the epidemiology and clinical features of diseases caused

by these agents, as well as the biology of the viruses responsible.37

Multiple serotypes were recognized; one, type 7, was shown to be
oncogenic in newborn hamsters.32 During the same time period,
other investigators isolated biologically similar viruses from the
adenoids and tonsils of healthy children. The two sets of findings
were found to be biologically related; the newly discovered agents
were classified as “adenoviruses.”38

Because the impact of adenoviral infections on training, medical
resources, and overall economic costs to the military was enor-
mous, vaccine development was a high priority. Subsequent stud-
ies demonstrated that adenovirus types 4 and 7 accounted for the
majority of ARD cases among recruits.39 Using the epidemiologic
information and the ability to grow adenoviruses in monkey kidney
cells, a Formalin-inactivated, bivalent vaccine for adenovirus was
developed in 1956, within 3 years of the initial description of the
infectious agent, and safety and efficacy trials of this parenterally
administered product were initiated at Fort Dix and Fort Leonard
Wood. The vaccine proved to be more than 90% effective in large
field trials and was licensed in 1958.40 Manufacturing problems,
however, including partial loss of antigenicity in large-scale pro-
duction and seed lot contamination by simian virus 40 (an onco-
genic virus that also contaminated oral and inactivated poliovirus
vaccines during the same time period), were identified, and the
license was revoked in 1963.41

Live types 4 and 7 adenovirus vaccines, given as enterically

Fig. 4. Dr. Maurice R. Hilleman. Maurice Hilleman (born in 1919) was born and
reared on the family farm in rural Montana, where he developed his interests in
biology. A scholarship to Montana State University aborted his plan to become a
manager at the local J.C. Penney store and led him to the University of Chicago
doctoral program, where he wrote an award-winning dissertation on Chlamydia.
Following a brief stint in industry, he became a civilian member of the team at the
WRAIR in 1949 studying communicable diseases of military import, under Dr.
Joseph Smadel. As chief of the Respiratory Diseases Branch, he developed the
technologies to analyze the epidemiology and pathogenesis of epidemic and pan-
demic influenza and is credited with the codiscovery of the adenoviruses. In 1957,
he joined Merck, where he continues his legacy of scientific endeavor and discov-
ery. Hilleman is considered to be responsible for the development of more vaccines
than any other individual; his credits include mumps, measles, hepatitis B, and
varicella, among a host of others (photograph courtesy of Infectious Diseases
Society of America; used with permission).
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coated capsules, were developed in the middle 1960s, under the
leadership of COL Edward Buescher (Fig. 5), and were exten-
sively studied at military facilities.42 Selective gastrointestinal
infection without illness or transmission of vaccine virus to close
contacts occurred after oral vaccination; the vaccines stimu-
lated serum neutralizing antibody in more than 95% of cases.43

The products, given either singly or in combination, were found
to be safe, immunogenic, and highly protective, resulting in a
50% decrease in the rate of hospitalization attributable to ARD
among recruits and a more than 95% reduction in the rate of
illness attributable to type 7 adenovirus.44 Beginning in 1971,
the two products were routinely administered to military re-
cruits within hours after their arrival at basic training. A cost-
benefit analysis of the U.S. military’s adenovirus surveillance
and the first 2 years of the vaccination program demonstrated a
favorable cost-benefit ratio, even accounting for the one-time
costs related to vaccine development.45

As a result of adenovirus vaccine use during the period from
1971 to 1996, essentially no outbreaks in military units of ARD
related to either of the adenovirus serotypes used in the vac-
cines were reported. Unfortunately, the sole manufacturer of the
vaccines ceased production in 1996, and a program of reduced
vaccine use was instituted before the depletion of stocks in
1999.41 The unavailability of adenovirus vaccines has resulted
in a recrudescence of ARD attributable to these agents. Recent
surveillance data from sentinel military populations revealed
that 55% of throat cultures obtained from recruits with ARD
between 1996 and 1998 yielded adenoviruses, largely types 4

and 7.30 Unvaccinated personnel with ARD were significantly
more likely to be infected with adenovirus than were their vac-
cinated counterparts. Outbreaks of adenovirus infection caus-
ing ARD have been reported for a variety of military centers since
the cessation of routine vaccination and have generally resulted
from a large pool of susceptible hosts, exemplified by the find-
ings in one study that nearly 90% of new recruits were seroneg-
ative for either type 4 or 7 adenovirus.30 Recognizing the benefit
of adenovirus vaccine, the federal government has taken steps
to reinstitute the program by contracting with industry sources
to develop and produce the product for the future.

Meningococcal Meningitis and the Meningococcal
Vaccine

Meningitis caused by Neisseria meningitidis had been a well-
recognized complication of military mobilizations, whether in or
away from a combat theater, since the late 19th century. Epidemic
disease erupted during World War I among U.S. troops and, be-
cause a similar experience was predicted with the American entry
into World War II, the newly formed Armed Forces Epidemiological
Board created its Commission on Meningococcal Meningitis in
1941 to accelerate scientific study of the problem.46 From 1941 to
1943, the commission documented more than 5,000 domestic
cases among U.S. Army personnel.46 Meningococcal disease was
largely a problem of recruits during their first 3 months of military
service; the incidence was inversely associated with duration of
service, findings consistently noted in the commission’s studies.

Although sulfa drugs, which were discovered in 1937, were
effective as therapy and prophylaxis for meningococcal disease,
reports of sulfa-resistant organisms were already emerging by
1945; by the early 1960s, the majority of meningococci were resis-
tant to these agents.47 An epidemic of group B meningococcal
disease in 1964 at Fort Ord, California, in which 50% of the civilian
strains were sulfa-resistant and the subsequent report by naval
investigators of a Moroccan epidemic of sulfa-resistant group A
meningococci48 confirmed the clinical consequences of drug resis-
tance. The problem of the rapid emergence of sulfa resistance (and
later rifampin resistance) led experts in the field to the belief that a
meningococcal vaccine represented the best hope for long-term
control of the problem in military populations.

Fortunately, military scientists had predicted the problem of
drug resistance and had become engaged, by the middle 1960s, in
extensive laboratory investigations into the pathogenesis and im-
munology of N. meningitidis. In 1969, Dr. Malcolm Artenstein, the
chief of the Department of Bacteriology at WRAIR (Fig. 6), and two
young Medical Corps officers, CPT Emil Gotschlich and CPT Irving
Goldschneider, published a series of five classic articles that de-
scribed in detail the human immunologic response to
meningococci.49–53 They demonstrated, using sera prospectively
acquired from military recruits at Fort Dix, New Jersey, the pro-
tective role of circulating antibody against clinical disease. Eighty-
nine percent of recruits had preexisting antibodies and none ac-
quired meningococcal disease, whereas 38% of recruits who
lacked serum bactericidal antibodies and were exposed to patho-
genic strains of meningococci developed systemic disease.49 The
investigators also demonstrated that the group-specific polysac-
charide was a key antigenic determinant of N. meningitidis,50 and
they described novel methods for the preparation of high-molecu-
lar weight group A and C polysaccharides.51 Finally, the WRAIR

Fig. 5. COL Edward L. Buescher. Ed Buescher (1925–1989) grew up in Cincin-
nati, Ohio, and received his medical degree from the University of Cincinnati in
1948. While there he worked in the laboratory of Dr. Albert Sabin. Buescher entered
the U.S. Army in the early 1950s, serving in Korea and earning the Bronze Star.
While stationed in Japan after the war, he performed seminal work on the ecology,
vector transmission, natural history, and pathogenesis of Japanese B encephalitis,
a disease of major military importance in Asia. After his return to WRAIR as chief of
the Department of Virus Diseases, he is credited, along with Paul Parkman, Mal-
colm Artenstein, and a team from Harvard Medical School, with the codiscovery of
the rubella virus in 1961, which led within 7 years to an effective rubella vaccine.
Buescher was awarded the Gorgas Medal by the Army in 1965, in recognition of his
work in the area of infectious diseases; he subsequently earned the Legion of Merit
with Presidential Citation for his enormous contributions to military medicine
(photograph courtesy of Theodore E. Woodward, MD57; used with permission).
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investigators demonstrated the lack of toxicity of such prepara-
tions, administered parenterally, for small mammals; their immu-
nogenicity among humans, with high concentrations of group-
specific bactericidal antibodies being induced after a single
intradermal injection; and significant reduction of the carrier rates
of group C meningococci in the nasopharyngeal compartment, the
major reservoir for transmission.52,53

The idea of using polysaccharides as immunogens was an out-
growth of work on pneumococci performed at the Rockefeller In-
stitute by Drs. Michael Heidelberger, Oswald Avery, and Colin
MacLeod in the 1930s and early 1940s.46 The latter two, in collab-
oration with Dr. Maclyn McCarty, were the first to identify DNA as
the carrier of genetic material, in experiments with pneumococci
published in 1944. Heidelberger was particularly interested in the
immune response to the polysaccharide constituents of Streptococ-

cus pneumoniae, which led to a successful trial of a tetravalent
pneumococcal vaccine among military personnel in 1945 (Table I).
Dr. Elvin Kabat, a colleague of Heidelberger at Columbia Univer-
sity, expanded the potential importance of bacterial polysaccha-
ride antigens in host immunity by purifying group A meningococ-
cal polysaccharide and demonstrating the presence of
anticapsular antibodies in convalescent sera of experimentally in-
fected animals.52 However, Kabat’s polysaccharide proved to be a
poor immunogen in humans, probably because of its low molecu-
lar weight. With the novel preparation of high-molecular weight
meningococcal polysaccharides developed by the WRAIR investi-
gators,51 elucidation of the determinant of protective immunity
against meningococci, and data from a small Phase I clinical trial
among humans, military investigators developed plans for a large
field trial of a group C meningococcal polysaccharide vaccine.

A number of factors complicated the design of a group-specific
meningococcal vaccine efficacy study: (1) The relatively low in-
cidence of meningococcal disease, even during epidemics, ne-
cessitated a large sample size. (2) The potential “herd” effect of
vaccination on the carriage rate in the unimmunized group
might have biased the data if too large a sample was vaccinated.
(3) Predicting the location of epidemics was impossible, neces-
sitating the use of multiple Army recruit training centers. (4)
Because of the known rapid acquisition of the carrier state
among newly arrived recruits, informed consent and vaccina-
tion had to be accomplished within days of arrival.54 In the
pivotal efficacy study, 13,763 men at five different military posts
were vaccinated with a group C polysaccharide and more than
53,000 men served as unimmunized control subjects. The vac-
cine proved safe, reduced the acquisition rate of group C me-
ningococci (although not that of other meningococcal groups),
and significantly reduced the rate of systemic meningococcal
disease caused by group C organisms during an 8-week period,
with 38 cases in the control group and one case involving a
vaccinated soldier (p � 0.01), i.e., an 87% protective effect.54 In
a second large field trial, with sample sizes similar to those in
the first, the protective effect was similar.55

On the basis of the aforementioned data, the military began
administering meningococcal C polysaccharide vaccine to all
recruits in late 1970, resulting in the virtual elimination of
meningococcal C disease as a major military health problem.56

The current tetravalent (groups A, C, Y, and W135) vaccine,
licensed in 1981, is indicated for military recruits, persons with-
out spleens, individuals with terminal complement deficiencies,
travelers to areas where meningococcal disease is hyperendemic
or epidemic, and subgroups of college students.56 In the United
Kingdom and several other countries, group C polysaccharide
conjugated to carrier proteins (tetanus toxoid or diphtheria
toxin derivatives) has been used with remarkable success in
reducing the burden of disease among children, for whom poly-
saccharides are poorly immunogenic.56

Conclusions

The U.S. military has a longstanding vested interest in the
development of vaccines, because infectious diseases have tra-
ditionally constituted major threats to the health of fighting
forces and their families. The history of military contributions to
vaccines against infectious diseases is both storied and illustri-
ous, beginning even before Jenner’s seminal observations on

Fig. 6. Dr. Malcolm S. Artenstein. Malcolm Artenstein (1930–1976) grew up in
Lowell, Massachusetts, attended Brown University, and received his medical degree
from Tufts University. There, he studied the fledgling field of infectious diseases
under Dr. Louis Weinstein. His early work in viral diseases and the human immune
response to these agents led to an assignment in the Department of Virus Diseases,
under COL Ed Buescher, at WRAIR in 1959. As a young officer there, he is credited
with codiscovering the rubella virus in 1961. Shortly after leaving the Army and
returning to Boston to work with Dr. Weinstein, Artenstein accepted the opportu-
nity to return to WRAIR in 1963, as a civilian, to lead the Department of Bacteriol-
ogy. During his second tenure at WRAIR, and for the remainder of his career, the
major focus of his work was meningococcal disease, a problem of significant
military importance and a cause of global epidemics. Artenstein led the team that
described the human immune response to N. meningitidis, discovered the correlate
of protective immunity, and developed the first effective vaccine against meningo-
cocci. He served on the Armed Forces Epidemiological Board Commission on
Respiratory Diseases and, in recognition of his seminal contributions to the field of
infectious diseases, was awarded the Gorgas Medal by the Army in 1971 and the
Squibb Award by the Infectious Diseases Society of America in 1974. His legacy
continues in the significant contributions to infectious diseases made by the
numerous researchers and clinicians he trained during his career (photograph
courtesy of Dr. Andrew W. Artenstein).
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smallpox and continuing today, with work on dengue, hepatitis
E, malaria, human immunodeficiency virus 1, and other patho-
gens of importance to the mission.
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