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INTRODUCTION

will be used to describe a new members of any of
the four services.] The value of sustained health to
the individual trainee is paralleled by the tremen-
dous savings accrued by the military services
through avoidance of retraining and additional re-
cruitment. Another important reason for disease
control is to minimize the potential of communi-
cable disease spread to civilian populations. This is
a major public health issue, as well as an item of
political interest. Such concern resulted in the sus-
pension of basic training at Fort Ord, Calif, in 1964.1

Likewise, concern about community spread of
measles and rubella was an important factor that
led to routine recruit immunization against these
infections.2 On a grander scale, the National Immu-
nization Program of 1976, which aimed to vaccinate
all Americans against swine influenza, was initiated
following an outbreak in Army basic trainees at Fort
Dix, NJ.3 Communicable disease control also en-
ables military personnel to progress rapidly to more
advanced training and immediate deployment, if
necessary. Influenza outbreaks during World War I
ravaged the health of large cohorts of soldiers who
were scheduled to deploy to the front lines; this re-
sulted in a need to reorganize and reconstitute
units.4 An ability to train and rapidly deploy large
numbers of military personnel may be critical in
future military campaigns. A final reason to mini-
mize disease among training populations is to en-
able the service medical departments to be as effi-
cient as possible in providing health service sup-
port to deployed forces: healthy trainees need fewer
medical resources, resources that can be used by
those on the front lines. These reasons underscore
the importance of communicable disease control in
recruit populations.

The control of communicable disease in basic
training or boot camp represents one of the greatest
achievements of military medicine. The magnitude
of this accomplishment is difficult to comprehend
without first-hand experience of camp-based epi-
demics or extensive study of the lessons of medical
history. This chapter provides a brief outline of the
fascinating story of how this achievement has been
accomplished. The technological tools and admin-
istrative controls that exist at basic training centers
today combine to form an efficient, elegant approach
to safeguarding the health of military recruits. An
appropriate regard for time-worn lessons is the
proper starting point for future efforts to raise
health status. This chapter will highlight those les-
sons so that future efforts to minimize the threat of
communicable disease to basic training populations
can be successful.

Outbreaks of communicable disease at basic
training installations have riveted the nation’s at-
tention. Not simply another national news item,
these incidents have brought terror into the hearts
of Americans. Typhoid fever during the Spanish-
American War, influenza during World War I, scar-
let and rheumatic fever during World War II, and
meningococcal disease during the Vietnam War—
these are a few notorious examples. The absence of
significant outbreaks during the past 15 years is
evidence of the success of control programs.

The control of communicable diseases in basic
training is important for many reasons. Among
these is the value of health maintenance to the in-
dividual recruit and the benefit of his or her opti-
mal health to the initial training effort. [Note: rather
than referring to “basic trainees,” “airmen basic,”
or “soldiers, sailors, airmen, and marines,” “recruit”

A PERSPECTIVE ON THE CONTROL OF COMMUNICABLE DISEASE

Programmatic aspects of communicable disease
control are best viewed in terms of modes of trans-
mission.5,6 This viewpoint contrasts with the tradi-
tional medical curriculum, which normally assumes
the perspective of agent taxonomy or organ system
involvement. The major modes of disease transmis-
sion are the airborne, direct-contact, waterborne,
foodborne, vector-borne, blood-borne, and sexual
contact routes. Since the last two categories do not
pose a substantial risk to today’s basic trainee popu-
lations, they will not be discussed here. Exhibit 9-1
lists the major modes of transmission and their as-
sociated agents of communicable disease. All these

modes of transmission have played a major role in
epidemics at basic training installations. A few ex-
amples will highlight the breadth of this spectrum.

In 1898, typhoid fever epidemics at numerous
camps in the United States severely disrupted the
operational ability of many commands during the
Spanish–American War. Nearly 100 regiments were
affected, with an average of more than 200 cases
per regiment and a case-fatality rate of 7.6%. The
Reed-Vaughan-Shakespeare Typhoid Board deter-
mined that person-to-person transmission through
direct contact, as well as fly-borne transmission,
played a more important role in the outbreaks than
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the waterborne route. The outbreaks were so severe
that the US Congress responded after the war by ap-
pointing a commission to investigate. The Dodge
Commission severely criticized both the Medical De-
partment and the War Department, eventually lead-
ing to a reorganization of the Army. Compulsory vac-
cination against typhoid fever beginning in 1911 and

improvements in camp sanitation dramatically re-
duced its occurrence in subsequent mobilizations.7

Tuberculosis was a major health problem for the
military during World War I. Thousands of soldiers
were hospitalized and more than 2,000 died. Al-
though a substantial effort was made to bar from
enlistment all individuals with evidence of pre-existing
infection, approximately 5,000 with unrecognized
active disease and up to 15,000 with radiologically
detectable tuberculous infection were accepted into
service. The crowding of basic training afforded
prime conditions for transmitting infection from
active cases to other recruits and also contributed
to the total morbidity and mortality of that period.8

Roentgen examination instituted during World War
II resulted in reduced tubercular disease rates dur-
ing that war.9

Disease caused by Streptococcus pyogenes exacted
a terrible toll on military forces during World War
II. Coburn and Young estimated that 21,209 naval
personnel developed rheumatic fever during the
war;10 83% of cases occurred within the continental
United States (ie, were associated with initial train-
ing). The comparable figures for the Army were
18,339 and 77%, respectively.11 The highest rates of
streptococcal disease incidence occurred at the naval
training center at Farragut, Idaho, where 2.2% (2,084
cases) and 10.4% (9,589 cases) of military personnel,
recruits and cadre were hospitalized with rheumatic
fever and scarlet fever, respectively, from 1943
through 1945.10 In the Army, the highest rates of
rheumatic fever were reported at Fort Warren, Wyo,
where approximately 5% of soldiers were hospital-
ized with rheumatic fever during 1943.11 Shortly
after the end of the war, studies in military popula-
tions demonstrated the effectiveness of penicillin
in controlling these types of outbreaks.

These three examples demonstrate subtle, impor-
tant aspects of the interrelatedness of disease con-
trol efforts. The threat of typhoid fever, which was
so devastating during the Spanish-American War,
was eventually eliminated by development of an
effective vaccination program and by general im-
provements in sanitation. While the vaccination
strategy was unique to the military population, the
sanitary improvements were largely the by-prod-
uct of improving sanitary conditions across the
United States. The eventual reduction in tubercu-
losis incidence may also be attributed to general
improvements in the health of the nation as a whole.
Yet, while these general improvements in the larger
society undoubtedly contributed to the reduced in-
cidence of typhoid fever, they appear to have had no
or little impact on the occurrence of tuberculosis dur-
ing World War I, which was then still a universal in-

EXHIBIT 9-1

ROUTES OF TRANSMISSION AND
THEIR ASSOCIATED AGENTS OF
COMMUNICABLE DISEASES

Airborne

Mycobacterium tuberculosis

Neisseria meningiditis

Influenza viruses

Measles virus

Varicella-zoster virus

Other viruses

Direct Contact

Influenza virus

Adenovirus

Streptococcus pyogenes

Neisseria meningitidis

Cold viruses

Streptococcus pneumoniae

Mycoplasma pneumoniae

Chlamydia pneumoniae

Foodborne or Waterborne

Salmonella typhi

Hepatitis A virus

Salmonella species (non-typhi)

Agents of food poisoning

Shigella dysenteriae and other Shigella species

Vibrio cholerae

Campylobacter jejuni

Vector-borne

Yellow fever virus

Dengue viruses

Plasmodium species

Borrelia burgdorferi

Rickettsia rickettsii

Ehrlichia chafeensis
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fection by the age of 20 and remained the nation’s lead-
ing cause of death. Hence, the military relied on
screening procedures to minimize the number of en-
listees with active disease. Unfortunately, this ap-
proach was ineffective. In addition to the substantial
improvements in the quality and completeness of tu-
berculosis screening procedures between the two
world wars, improvements in nutrition and the stan-
dard of living in the United States also favorably af-
fected the threat of this disease. But the same improve-
ments in sanitary conditions that eliminated the threat
of direct-contact transmission of typhoid fever dur-
ing the Spanish-American War and helped mini-
mize the tuberculosis problem did not prevent the
transmission of S pyogenes during World War II. To
this day, environmental control measures (ie, inter-
ventions that reduce exposure to the agent) have
had little impact on communicable infections that
are spread primarily through direct-contact or air-
borne modes of transmission. These few illustra-

tions demonstrate the interrelationships of commu-
nicable disease control efforts in the military and the
United States as a whole.

These examples also show several general but
critical aspects of disease control. First, communi-
cable disease outbreaks occur with greatest fre-
quency and impact during periods of mobilization.
Second, the highest attack rates occur in unseasoned
personnel, especially those in the earliest weeks of
initial training (ie, basic training, boot camp). Third,
during the period of mobilization for a particular
campaign (even one of several years’ duration),
there is not sufficient time to develop means to con-
trol large outbreaks of previously unrecognized
communicable disease threats. And fourth, current
capacities to prevent disease outbreaks involve
many components and are based on lessons from
earlier periods and benefits accrued from general
improvements in the larger community. These as-
pects will be discussed in the sections that follow.

PREVENTIVE INTERVENTIONS RELATED TO MODE OF TRANSMISSION

Preventive interventions for communicable dis-
eases may target environmental reservoirs, trans-
mission of agents from reservoir to host, or aspects
of the agent-host interaction. Interventions may be
classified as agent-specific if they target a single
microorganism or as agent-generic if they affect
multiple organisms. Agent-generic interventions
make up much of what has come to be known as
the “sanitary revolution” of the late 19th and early
20th centuries and have had a tremendous impact
on the health status of all Americans, including
trainees. In addition, numerous agent-specific in-
terventions constitute a major portion of current
communicable disease control programs in basic
training centers.

Exhibit 9-2 lists some of the interventions in use
today. For each agent and for each mode of transmis-
sion, elimination of the reservoir and immunization
of the host—the trainee—are possible approaches.
Thus, eradication of smallpox and vaccination against
typhoid fever largely eliminate the need to consider
how those organisms are transmitted, at least within
the basic training environment. Between reservoir
elimination and host immunization, however, exists
a range of strategies linked to the mode of trans-
mission. Most of these intermediary strategies can
be classified as either environmental sanitation,
“vector” reduction, or barrier approaches.

In developing and reviewing control programs,
depth must be emphasized. The goal in disease con-
trol is not merely to identify and implement one
effective strategy; rather, it is to implement suffi-

cient layers of prevention so an adequate safety net
exists in case one approach fails. Multiple preven-
tive layers should exist for each agent and for each
mode of transmission.

Airborne

Airborne contagion is distinguished from direct-
contact transmission in that the former involves in-
fective organisms suspended in air while the latter
involves either immediate contamination of suscep-
tible hosts or secondary transmission by “vectors” (ie,
fomites). Of course, infections transmissible through
airborne contagion may also be transmitted by direct
contact, but environmental or host factors normally
dictate a predominant mode. The suspended, infec-
tive vehicle of airborne contagion is the “droplet nu-
clei.” Particles with a diameter between 0.1 µm and
50 µm are capable of suspension in air; the lower limit
on the size of droplet nuclei is limited by the size of
the organism itself.12 Larger nuclei (10 µm to 50 µm in
diameter) will fall to the ground relatively quickly. A
10 µm nuclei, for example, will fall the height of a room
in 17 minutes.13

When inhaled, most nuclei larger than 5 µm in di-
ameter deposit in the upper respiratory tract, while
smaller nuclei deposit primarily in the lower respira-
tory tract. The ability of infectious organisms to be
transmitted via this route is a function of the
organism’s accessibility to sites in the infectious host
where droplet formation occurs, the stability and size
of suspended particles, and the ability of suspended



Military Preventive Medicine: Mobilization and Deployment, Volume 1

178

organisms to remain viable over time. Bacteria, fungi,
and human by-products that contain viruses (eg, prod-
ucts of coughing or sneezing, fibers, or fragments of
desquamated skin) when expelled into the air form
droplet nuclei. Slight drafts or other air disturbances
help such nuclei remain suspended for indefinite pe-
riods of time.

Airborne infections are a significant threat to the
health of basic trainees. Influenza, multidrug-resistant
tuberculosis, and varicella are notable concerns. In
spite of considerable efforts to develop interventions
against all airborne infections, virtually all preventive
efforts in place today are agent-specific. There has
been, for example, considerable effort to assess the
contribution of crowding to the incidence of airborne
infections.14,15 John Shaw Billings, a distinguished
Army physician of the 19th century, felt so strongly
about the relationship of crowding to airborne infec-
tions that he disseminated a circular, stating “every
man should have his sixty feet of floor space as much
as his ration.”14p419 Designing epidemiological studies
to assess the impact of crowding on respiratory dis-
ease rates is challenging, though, because “crowding”
is a time-variant variable that is difficult to measure
and interacts with agent endemicity (ie, if the influ-
enza virus is not present, no one will get the flu, no
matter how crowded it is). Despite considerable in-
vestigative effort, only scant evidence exists that
crowding contributes to respiratory disease rates.
Nonetheless, in 1943 the US Army adopted a stan-
dard requiring 50 square feet of space for each recruit
in reception centers.14

The role of ventilation on incident infections has
also been the subject of considerable study. While
evidence exists that shows that ventilation path-
ways are associated with observed patterns of dis-
ease,16–18 it is less clear to what extent variations in
ventilation flow or in the amount of outside air
introduced into a closed environment affect the mag-
nitude of incidence rates. Brundage and colleagues19

measured an association of modern, energy-efficient
barracks with increased rates of respiratory disease.
Before the institution of year-round adenovirus and
influenza vaccination programs, trainees housed in
energy-efficient barracks had a 50% greater risk of
respiratory infection compared to trainees living in
older, less tightly sealed barracks. Because other po-
tentially confounding variables (eg, crowding) were
not measured in the study, the authors were reluctant
to endorse a causal relationship.

A variety of techniques have been attempted in
the past to interrupt the airborne route of transmis-
sion. Quarantine procedures, such as the removal
of affected individuals through mandatory hospi-

EXHIBIT 9-2

PRIMARY APPROACHES TO DISEASE
CONTROL BY ROUTE OF TRANSMISSION

Universal Approaches
Reservoir elimination
Environmental sanitation

Continuous
Intermittent

Vector reduction*

Barriers
Reservoir-proximate
Host-proximate

Host immunization

Airborne
Quarantine
Agent removal
Agent inactivation
Agent dilution
Barriers
Host immunization

Direct Contact
Reservoir removal (quarantine)
Environmental sanitation
Personal hygiene
Personnel dispersion
Bunk spacing and orientation
Masks
Host immunization

Foodborne
Reservoir elimination
Agent removal (filtration)
Agent inactivation
Restriction of sources
Proper waste disposal
Host immunization

Waterborne
Reservoir elimination
Agent removal (filtration)
Agent inactivation
Restriction of sources
Proper waste disposal
Host immunization

Vector-borne
Reservoir elimination
Vector elimination
Barrier protections against the vector
Host immunization

* Including such “vectors” as fomites
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talization policies, have been used at basic training
installations for many years. The effectiveness of these
isolation procedures depends on a variety of factors,
including the agent-specific duration of asymptom-
atic shedding, the willingness of affected trainees to
report for medical evaluation, the logistical ease of
reporting for evaluation, and the degree to which
medical authorities adhere to hospitalization policies.

Studies have also been conducted to assess the
effectiveness of procedures to inactivate or remove
infectious agents from the environment. Wells20

demonstrated that indoor ultraviolet irradiation has
a modest effect in reducing infection rates in various
populations. The recent emergence of multidrug-
resistant Mycobacterium tuberculosis has prompted
the Occupational Safety and Health Administration
to recommend the use of ultraviolet irradiation as
an adjunct in controlling the transmission of respi-
ratory pathogens in health care facilities. Others21

have reduced the frequency of nosocomial infec-
tions through the use of laminar airflow systems
that incorporate filters capable of removing most
microorganisms. Some advocates22 recommend the
development of techniques using small air ions to
reduce the viability of suspended microorganisms.
None of these approaches, however, has been ap-
plied or studied in military trainee populations.

During World War II, the Commissions on Acute
Respiratory Disease and Air-borne Infections inves-
tigated the effect of oiling floors and bedding on
acute respiratory infections.23 These experiments
were based on the concern that bedding or floor
dust might serve as a “reservoir” for hemolytic
streptococci that, when disturbed, could become
airborne. Floors were treated using a petroleum-
distillate floor oil, distributed through buckets with
perforated bottoms, and spread with hair brooms.24

Oiling of bedding (ie, blankets, sheets, pillowcases,
and mattress covers) consisted of adding an oil-
emulsion base during the rinse phase of machine
laundering and resulted in an oil loading of 2% to
4% in the fabric.25,26 General enthusiasm for these
procedures was reported from participants due to
the absence of dust and the reduced amount of work
to maintain barracks cleanliness. In fact, the inter-
vention was so popular that requests for the proce-
dures were received from others not included in the
study. Except for occasional staining of feet or
clothes with oil, no complaints were received. Dur-
ing periods of endemic disease, this program reduced
infection rates by 30% to 40%, but during epidemic
periods rates were only reduced 6% to 12%.1 For
reasons that are not clear, the commission did not
advocate this method as a means to control disease

rates. Because the commission presumed that S
pyogenes was transmitted through the airborne
route, it is possible that these studies underestimated
the effect that oiling procedures may have on true
airborne infections. This or other similar modes of
intervention may warrant further evaluation.

Concerns over indoor air pollution and the ef-
fect that “tight” buildings may have on respiratory
disease have resulted in several proposals and actions.
Dilution of “polluted” indoor air may be accom-
plished by mixing with outside air. The American
Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers (ASHRAE) publishes ventilation
standards for indoor air quality. The standards ad-
dress microorganisms as well as various gases, va-
pors, smokes, and other particulate contaminants.
Most recently revised in 1989, the ASHRAE stan-
dard now requires 15 cubic feet of outside air per
minute per person for “dormitory sleeping areas.”27

Before this revision, the requirement was only for 5
cubic feet per minute. The extent to which existing
recruit barracks conform with the revised ASHRAE
standard has not been comprehensively evaluated,
and current military policy continues to emphasize
minimal square footage requirements.

Control of airborne infections in basic training
populations relies almost exclusively on agent-spe-
cific interventions. While none can deny the tremen-
dous effect that these interventions have had, the
health of trainees is vulnerable to a breakdown in
any single strategy or to the emergence of new air-
borne agents of disease. The vulnerability of this
posture was demonstrated in 1989 when a measles
outbreak at Fort Leonard Wood, Mo, followed a
delay in normal vaccination procedures until sev-
eral weeks into the training cycle. The simple de-
lay in vaccinations provided a sufficient “window”
for a limited outbreak to occur among non-immune
recruits. The agent-generic strategies the military
has in place to control airborne infections (eg, re-
quirements for segregation of sick trainees, mini-
mal square footage of living space) can be expected
to have at most a modest effect on limiting disease.

Direct Contact

Infectious organisms that can be transmitted
through direct contact include many that have
caused large epidemics in trainee populations in the
past: adenovirus, influenza viruses, S pyogenes, and
Neisseria meningitidis. Others in this group that
cause respiratory infections include the common
cold viruses, S pneumoniae, Mycoplasma pneumoniae,
and Chlamydia pneumoniae. Other agents of disease,
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such as those that cause airborne or gastrointesti-
nal infections, may also be transmitted through the
direct contact route.

Direct-contact transmission may occur through
several mechanisms. Sneezing, coughing, spitting,
talking, and even normal breathing project micro-
organisms into the air23 in the form of infectious
droplets. These droplets are usually much larger in
size than the droplet nuclei of airborne contagion,
fall quickly, and come to rest on objects in the im-
mediate environment. Susceptible persons become
infected if the organisms enter directly into the body
through portals such as the eye, nose, or mouth.
Alternatively, viable organisms on the surface of
environmental objects (fomites) may serve as a
source of secondary, hand-inoculated infection. Di-
rect-contact transmission may also result from
physical contact between persons in either a primary
(eg, kissing) or a secondary (eg, hand-shaking) mode.

The basic training environment (see Chapter 8)
provides countless opportunities for direct-contact
transmission. In fact, it is difficult to imagine con-
ditions more conducive to contagion: crowding,
groups containing individuals from diverse geo-
graphic locations, mandatory and continuous con-
centration of personnel, and vigorous activities in-
volving physical contact both with other persons
and with objects in the environment.

Control of infections transmitted through direct
contact is similar in many aspects to the control of
airborne infections. Reliance on vaccination is the
primary mode of intervention for most organisms
in this class. Year-round influenza immunizations
appear to be very effective at preventing large out-
breaks, such as those that have occurred in the past.
Vaccines were developed to protect trainees from
the tremendous morbidity of adenovirus infections
and the risk of mortality from meningococcal dis-
ease. In contrast, outbreaks of S pyogenes infections
have been controlled through the broad use of peni-
cillin. Other agents of disease in this category have
contributed to trainee morbidity in the past but have
not caused repeated outbreaks over time or been
associated with substantial mortality.

Quarantine of affected individuals with condi-
tions transmissible by direct contact is normally
routine and frequently mandatory. US Army policy,
for example, has required the hospitalization of any
trainee with an influenza-like illness, a temperature
of 38ºC or higher, and one or more respiratory symp-
toms. The degree to which these procedures are imple-
mented determines the overall effectiveness of the
policy. In addition, adherence to minimal square foot-
age requirements in barracks areas probably decreases

case reproduction rates. Any measure that increases
the distance between trainees could theoretically re-
duce the likelihood that infectious droplets expelled
during a sneeze or cough would fall on and infect a
susceptible person. Head-to-foot arrangements of
bunks in sleeping quarters, for example, could have
such an effect. One study28of the effect of double-
bunking (ie, using bunkbeds) on the incidence of res-
piratory disease noted a 50% reduction in cases of
acute respiratory disease (ARD) (excluding influenza,
atypical pneumonia, and hemolytic streptococcal in-
fections) in the intervention group in comparison to
a control population.

Other measures of prevention are theoretically
possible. Direct transmission of infectious droplets
from one individual to another could be minimized,
for example, through the use of masks, by disper-
sion of personnel, or by separation of symptomatic
personnel from others. During the influenza epi-
demics of 1918 and 1919, several communities in
the United States adopted programs of mask-wear-
ing. There is some evidence that these programs had
a modest effect.4 Secondary transmission through
fomite contact could be minimized through inter-
mittent sterilization of environmental surfaces. Ul-
traviolet irradiation of air spaces or environmental
surfaces, especially when personnel are absent, could
be an efficient strategy in certain situations. Alterna-
tively, surfaces might be developed that have inher-
ent anti-microbiological properties. Finally, disease
transmission rates could be reduced through changes
in behavior. Mandatory, frequent handwashing and
training to reduce contact between hands and facial
portals of entry could have some effect.

In contrast to these potentially beneficial prac-
tices, one common practice probably has no effect.
Often, as rates of respiratory disease increase, lo-
cal personnel will open barracks windows and
doors to increase ventilation. Because the most com-
monly encountered pathogens are transmitted
through direct contact rather than airborne trans-
mission, increased ventilation has no effect on this
mode. It is conceivable that “fresh” air sterilizes the
environment through an unspecified mechanism or
that “fresh” air somehow enhances natural host
immune defenses. However, these conceivable ben-
efits have not been substantiated by trials.

Foodborne and Waterborne

Little information will be provided here on the
threat of foodborne and waterborne infections to
trainee populations. Other chapters in this volume
address these diseases in detail (see Chapter 37, Dis-
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eases Spread by Food, Water, and Soil). Nonethe-
less, these conditions are of historical importance
in the trainee environment. Intestinal infections
were a horrendous problem in training camps before
the sanitary revolution. Typhoid fever outbreaks
during the Spanish-American War are the most no-
table example. Diarrheal diseases were also a com-
mon affliction that had a severe impact on training.

With the exception of typhoid fever, virtually all
conditions in this foodborne and waterborne illness
category are prevented through intermediary,
agent-generic measures. These include policies to
guarantee the procurement of safe water and food;
routine inspection of food service facilities to en-
sure proper handling, preparation, and storage of
food items; sanitary procedures for disposal of all
forms of waste; and emphasis on handwashing and
other personal hygiene measures. The success of
these sanitary procedures to affect foodborne and
waterborne disease transmission stands in stark
contrast to the failure of all these approaches to affect
transmission of airborne and direct-contact diseases.

Of course, sporadic outbreaks of foodborne or
waterborne infections may occur in trainee popu-
lations whenever lapses occur in preventive strate-
gies. The universal susceptibility of trainees to most
agents of foodborne and waterborne disease and an
inherent potential for diseases transmitted by this

mode to affect many persons underscore the sig-
nificance of these conditions. Thus, while the threat
of foodborne and waterborne outbreaks may be
small in comparison to the threat of diseases trans-
mitted via other modes of transmission, it is impera-
tive that the disease control officer emphasize pro-
cedures to prevent their occurrence.

Vector-borne

Other chapters in this volume have detailed dis-
cussions of the issues related to conditions in this
category. While serious vector-borne infections,
such as malaria, dengue fever, and yellow fever,
were major problems in years past, their threat to
current military trainee populations is not consid-
ered serious. These infectious agents were elimi-
nated from the continental United States through
vector control programs. Current trainee popula-
tions benefit from this situation, but re-establish-
ment of viable vectors has occurred and warrants
ongoing surveillance. Other vector-borne condi-
tions, such as Lyme disease, Rocky Mountain spot-
ted fever, and ehrlichiosis, are endemic in certain
training locations. Successful control of vector-
borne disease will, therefore, depend on avoiding
re-introduction of previously eliminated organisms,
as well as using personal protective measures.

SURVEILLANCE FOR COMMUNICABLE DISEASE

Control of communicable disease does not rely
solely on the continuous implementation of proven
strategies. It also requires a vigilant watchfulness
for breakdowns in control practices and the emer-
gence of previously unrecognized threats through
the implementation of a comprehensive surveil-
lance program.

A surveillance program for communicable dis-
eases will have several goals. The first is, of course,
to verify that prevention strategies are effective.
While assuring the health of individual trainees, this
goal also maintains accountability of the medical
department to the public interest. A corollary of this
goal is to identify outbreaks as soon as possible so
that immediate corrective actions may be taken.
Disease control programs should be designed in
layers, with a pre-planned capability to add layers
of prevention in response to an increased threat of
disease. Another goal of surveillance is to trigger
investigations that may identify risk factors, causes,
and possible control strategies. While formal inves-
tigations are usually initiated only after one or more
control strategies have failed, such investigations

often identify shortcomings in these attempts or
identify other alternatives for control that have not
been considered. Another purpose of surveillance
is to define disease trends so that resources may be
efficiently distributed. Changes in the distribution
of resources may be required both to meet the clini-
cal health care needs of affected personnel and to
assure disease prevention programs. A fourth goal
of surveillance is to monitor the relative morbidity
of various conditions so that prevention research
can target those that cause the greatest problem. The
ability of research and development agencies to re-
vise and focus their efforts on conditions of great-
est significance to the military community depends
on their having current information concerning the
health threat. All of these goals must be borne in
mind when designing and evaluating surveillance
systems.

Potentially, communicable disease surveillance
programs may monitor any or all of the following
elements: hazardous agents in the environment,
exposures to those agents, and adverse health out-
comes resulting from those exposures.29 In addition,
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surveillance programs should collect and archive
detailed information on potentially affected popula-
tions. Military basic training installations currently
conduct only rudimentary surveillance programs.
The Air Force conducts limited influenza surveil-
lance in basic training, with collection of throat
washings for viral cultures. Neither the Navy nor the
Army performs routine environmental monitoring to
identify circulating agents of respiratory disease. In
the absence of information about which agents are
present, it is impossible to monitor potential expo-
sures of individual trainees to those agents.

All military services require medical personnel
to report selected infectious conditions, including
many that are of concern during basic training. In
addition, personnel at Navy and Marine Corps
training centers monitor total counts of positive
cultures for S pyogenes. Personnel at Army basic
training installations monitor trainee segregations
for infectious respiratory conditions and laboratory-
confirmed infections with S pyogenes among hospi-
talized trainees. Information on potentially exposed
trainee populations is usually collected in aggre-
gate form and does not normally provide more de-
tail than the number and sex of trainees assigned
to each company-sized training unit.

The current Army ARD surveillance program is
an offspring of the now defunct adenovirus surveil-
lance program.30 In the early 1980s, the program was

modified to collect specific information on strepto-
coccal infections. A key component of the altered
program has been the requirement to segregate
trainees with an influenza-like illness, fever in ex-
cess of 38ºC, and any respiratory symptom. Before
the 1990s, this was usually on ARD wards, but with
the arrival of managed care, cases are now often seg-
regated in less-formal housing arrangements. Each
week, surveillance personnel collect the following
information for each training company: the num-
ber of recruits in training by sex, the number of
trainees segregated with acute respiratory infec-
tions, the number of segregated trainees with at
least one culture obtained for S pyogenes, and the
number of positive throat cultures. These numbers
are the building blocks for three indices, which are
calculated each week (Table 9-1).

The ARD rate is a general measure of respiratory
disease activity in trainee populations. The term
“acute respiratory disease” as applied here is dis-
tinct from the term “acute respiratory disease of re-
cruits,” which from the 1940s to the 1970s applied
to adenovirus infections.30,31 ARD now means any
acute, febrile condition primarily involving the res-
piratory system. As recently as 1986, the nominal
epidemic threshold for the ARD rate was 2 hospi-
talizations per 100 trainees per week. When persis-
tently low hospitalization rates were observed at
all installations, the threshold was lowered to 1.5.

TABLE 9-1  

MEASURES OF ACUTE RESPIRATORY DISEASE ACTIVITY AT US ARMY BASIC TRAINING
INSTALLATIONS

    Rate or Index How Calculated Threshold

    ARD rate 100 x HOSP / POP                                                       1.5

    Streptococcal recovery rate 100 x GABHS / CULT                                                  None*

    Streptococcal-ARD ARD rate x streptococcal                                             25
    surveillance index recovery rate

ARD:  Acute respiratory disease
POP:  The total number of individuals in the basic training population
HOSP:  The number of trainees segregated with acute febrile respiratory conditions†

CULT:  The number of throat cultures performed on hospitalized trainees
GABHS:  The number of throat cultures positive for group A beta-hemolytic streptococci
*During outbreaks of virulent streptococcal disease, this rate often exceeds 50%. However, such high recovery rates may also be
observed during periods of infrequent hospitalizations or during periods of hyperendemic infections with nonvirulent organisms.
Therefore, this “rate” should never be used alone as a measure of streptococcal disease.
†Hospitalizations with any of the following diagnoses at the time of admission:  acute respiratory disease, streptococcal pharyngi-
tis, influenza-like illness, tonsillitis, upper respiratory infection, bronchitis, acute pharyngitis, pneumonia, peritonsillar abscess,
retropharyngeal abscess, bacterial meningitis, mononucleosis, sinusitis, mycoplasma, otitis media, chickenpox (or varicella), or
acute viral syndrome or illness.
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Interpretation of ARD rates for groups of trainees
smaller than the entire installation is problematic.
Although the origins of large outbreaks can usu-
ally be traced to individual units, most elevations
of ARD rates in less-than-installation-sized groups
usually resolve spontaneously. For this reason, in-
terpretation of the ARD rate for small-sized units
is not recommended. Before the use of adenovirus
vaccines, weekly ARD rates approached 10 per 100
during peak epidemic periods.30 Following the ini-
tiation of year-round adenovirus 4 and 7 vaccina-
tion, ARD rates normally did not exceed 1 and only
rarely approached or exceeded 2.32

Although the ARD rate is sensitive to outbreaks
of adenovirus and influenza, it is a poor indicator
of virulent streptococcal disease activity. This was
demonstrated during an outbreak of acute rheu-
matic fever (14 cases) at Fort Leonard Wood in 1987
during a period when ARD rates remained well
below the epidemic threshold.33 Similar observa-
tions were made during subsequent outbreaks at
other Army installations.34

In 1959, the Armed Forces Epidemiological Board
suggested that weekly streptococcal pharyngitis
rates in excess of 10 cases per 1,000 trainees may
serve as an indicator of an increased risk for acute
rheumatic fever.35 The Navy applied this criterion
in determining the need to reinstitute benzathine
penicillin G prophylaxis at the Naval Training Cen-
ter in San Diego, Calif, in 1987.36 In contrast, the
Army monitors the streptococcal-ARD surveillance

index (see Table 9-1). This index includes a crite-
rion for morbidity (defined as hospitalization) and,
as such, is theoretically less susceptible to false
alarms resulting from hyperendemic infections with
nonvirulent strains and variations in screening be-
haviors of health care providers. In practice, either
measure of streptococcal disease activity is suffi-
cient as a tool for initiating penicillin prophylactic
programs, especially when elevated rates are ac-
companied by independent evidence of virulent
strain circulation in the trainee population (ie, cases
of rheumatic fever or invasive sequelae). In some
situations, penicillin prophylaxis may be indicated
simply to prevent morbidity associated with strep-
tococcal pharyngitis.

The ARD rate and either of these measures of S
pyogenes activity are efficient indicators of out-
breaks. In particular, because both adenovirus and
streptococcal disease outbreaks require several
weeks to reach peak activity and may extend over
several months, sufficient time is normally avail-
able to interrupt an epidemic once the threshold is
passed. In contrast, influenza epidemics start, reach
their peak, and begin to subside within a 1- to 2-
week period. The rapidity with which influenza can
pass through a large population is not generally
recognized. This contrast is demonstrated in Fig-
ure 9-1. For the purposes of influenza control, the
currently implemented surveillance systems are
only useful in that they may serve as sentinel indi-
cators for unaffected installations.

CONTROL OF SPECIFIC DISEASES

This section builds on concepts already presented
by discussing a handful of diseases that are of greatest
concern today or for which unique control programs
have been developed in the past. Fortunately, pre-
ventive strategies that affect the pathway along a
particular mode of transmission are likely to affect
more than one disease. Current environmental sani-
tation and personal hygiene practices have mini-
mized waterborne, foodborne, and vector-borne in-
fections to a level where they are not considered a
substantial threat to the health of trainees. In con-
trast, virtually no effective agent-generic strategies
have been developed for airborne and direct-con-
tact contagion. All of the conditions discussed be-
low fall into one of these two categories. Because
this discussion highlights programmatic aspects of
disease control, the reader is referred to Chapter 38,
Diseases Spread by Close Personal Contact, for more
information on the diseases themselves.

Influenza

The impact of influenza on US military opera-
tions during World War I was devastating. During
1918, over 43,000 members of the military died from
influenza or pneumonia: 38,000 in the Army and
over 5,000 in the Navy. These totals do not include
deaths in 1919 for which statistics are somewhat less
reliable. Of course, the tragedy wrought by influ-
enza in US military forces was just a small part of
the worldwide epidemic, in which up to 25 million
died. In the United States, over 650,000 died dur-
ing the two years 1918 and 1919.4

The rapidity with which influenza strains spread
across the globe not only is a defining characteris-
tic but also may be an important determinant of
virulence enhancement. The rapid changes in the
global distribution of influenza viruses were evi-
dent in the military population during World War
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I. An epidemic of non-lethal influenza affected mili-
tary units in the continental United States during
the spring of 1918. This original, less-virulent strain
of virus subsequently spread around the world be-
fore being reintroduced into the United States in a
more virulent form in the late summer. Almost in-
stantaneously, the most-lethal form of influenza
erupted at several sites around the world in Sep-
tember 1918. It exacted a horrible toll in human lives
and misery for several months before beginning a
prolonged, dwindling spiral that lasted into the sec-
ond half of 1919. The fact that this form of influ-
enza affected persons in the prime of life and that
US forces in the continental United States were af-
fected to a greater extent than those overseas en-
sured that trainee populations were among those
most greatly affected. At Fort Devens, Mass, for
example, up to 60 trainees died each day during
the peak of the epidemic.

While many important questions concerning the
epidemic of 1918–1919 remain unanswered, the ef-
fectiveness of current disease control practices can
be interpreted in light of recent observations. Uni-
versal immunization of all military personnel with
influenza vaccine is a Department of Defense policy.
While seasoned personnel normally are vaccinated
annually during the fall months, recruits receive the
immunization in their first week of training, no
matter what time of year. “Mass” prophylaxis of the
entire force each year and continuous “tandem”
prophylaxis of accessions results in a population
that probably experiences the lowest age-adjusted
attack rates in the world. The effectiveness of this
approach, though, depends on the degree to which
influenza vaccine components protect against cir-
culating strains. The near complete absence of out-
breaks of influenza in US armed services personnel
during recent years37 indicates that this strategy has
been very effective. This success is probably attribut-
able to a variety of factors. World Health Organiza-
tion procedures for selecting strains for inclusion

in vaccine products have been remarkably accurate.
Studies by Meiklejohn and colleagues38,39 at Lowry
Air Force Base, Colo, have documented that vac-
cines produced in industrial quantities for use in
the elderly and other high-risk populations are
highly immunogenic in military trainee popula-
tions. And notwithstanding the great number of
deaths influenza continues to cause in susceptible
populations, no recent strain of influenza has had
a level of virulence comparable to that which rav-
aged the military force during World War I.

If a pandemic of influenza caused by a strain
similar to the one that circulated in 1918 recurs, it
is doubtful that current disease control strategies
could provide much protection for military train-
ees. As previously discussed, no preventive strate-
gies are currently in place that can interrupt the air-
borne or direct-contact modes of transmission, both
of which are important routes for influenza.39 Cur-
rently produced vaccines have low overall vaccine
efficacy rates (70%–80%) and would not provide a
substantial herd immunity barrier40 against the
spread of a virulent, highly transmissible strain.
Even if strategies such as mask-wearing and envi-
ronmental sanitation (eg, ultraviolet radiation)
could provide protection, the absence of current
materiel, training, and policy to direct these activi-
ties assures they will have a minimal role during
early phases of a large-scale outbreak. One currently
circulating proposal suggests stockpiling amantidine
or rimantidine for use at basic training installations
in the event of a large outbreak. Improvements in
vaccine efficacy rates and reduced vaccine produc-
tion times may be feasible in the near future. Such
improvements in plans and technology could re-
duce the impact of a pandemic.

The National Influenza Immunization Program
of 1976 highlights many of the difficulties that an
effort to prevent a “killer flu” epidemic would en-
tail. The origins of that effort41–45 and the events that
followed46 (including cases of Guillain-Barré syn-

Fig. 9-1.  These two graphs demonstrate the condensed epidemic curve of influenza virus outbreaks when compared
with streptococcal-associated respiratory disease outbreaks.  Graph a shows that an outbreak of influenza occurring
at Camp Funston, Ks, in 1918 occurred during a 3-week period in March.  In contrast, Graph b shows a rheumatic
fever–associated outbreak of streptococcal disease among trainees at Fort Leonard Wood, Mo, during 1987 to 1988
that extended over a multimonth period (September 1997 to February 1988).  Because of the extended duration of
streptococcal-associated outbreaks, control programs can rely on surveillance and prompt intervention as an effec-
tive strategy, whereas the short duration of influenza outbreaks requires an emphasis on primary prevention (eg,
vaccination) or prior preparation (eg, prepositioned medications).
Sources:  (a)  Opie EL, Freeman AW, Blake FG, Small JC, Rivers TM.  Pneumonia at Camp Funston.  JAMA.  1919;72:114.
(b) Centers for Disease Control.  Acute rheumatic fever among Army trainees—Fort Leonard Wood, Missouri, 1987-
1988.  MMWR. 1988;37:519–522.
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drome47,48) have caused many to reconsider how
such national decisions are made.49 The potential
political liability of making an incorrect decision
may make future efforts to respond to such a national
threat extremely difficult. Nonetheless, efforts are in
progress to outline such a strategy for the nation.50

Adenovirus

Adenovirus infections in military populations are
of tremendous significance. Illness caused by ad-
enovirus is characterized by high attack rates of a
short-term, febrile, debilitating illness. Studies have
shown that adenovirus types 3, 4, and 7 (and less
commonly types 14 and 21) are the primary cause
of febrile, acute respiratory disease in military train-
ees.30,31,51,52 This organism was a nearly ubiquitous
cause of outbreaks during the fall and winter sea-
sons at basic training installations before the devel-
opment of effective vaccines.53 Typically, 50% or
more of the entire trainee population would acquire
this infection during the first few weeks of train-
ing, and most would be hospitalized. Thus, aden-
ovirus infections took a heavy toll on the health of
most trainees and cost the military many dollars in
health care requirements, lost time from training,
and the need to recycle trainees.

Isolation of the virus in the late 1950s and dem-
onstration that enteric infections could induce pro-
tective immunity were milestones in the develop-
ment of the live, enteric-coated vaccines. While
some studies have demonstrated that live virus can
be secondarily transmitted from the bowel of the
vaccinated to the oropharynx of the susceptible,1

such transmissions are relatively infrequent and
have not been reported as a significant consequence
of vaccination. Clinical trials conducted at Army
basic training installations in the 1960s54,55 demon-
strated that vaccines against adenovirus types 4 and
7 were safe and efficacious, and they eliminated
most acute respiratory disease in trainees. The tre-
mendous savings afforded by these vaccines was
summarized in a cost-benefit analysis performed by
Collis and colleagues in 1973.56 They showed that
use of the type 4 and 7 vaccines at eight Army in-
stallations during just a few months in 1970 and
1971 prevented nearly 27,000 hospitalizations.

By the 1990s, all services except the Air Force
required vaccination of male trainees within the first
few days of accession to military service. Some in-
stallations have vaccinated female recruits, but in-
stallations that provide vaccine to males alone have
not experienced outbreaks of adenovirus among
non-immunized females. In 1984 (after observation

of summertime cases), the US Army instituted a
program of year-round vaccination. Surveillance for
emerging strains of adenovirus into the late 1980s
demonstrated that the two vaccines were causally
sufficient to prevent nearly all adenovirus infections
(JDG, unpublished data, 1990). When production
of the vaccines by their sole supplier lapsed in 1996,
a policy of seasonal administration of vaccines was
resumed and continued until supplies ran out in 1999.

The greatest current threat to the continued pre-
vention of adenovirus-associated illness in military
trainee populations is the lack of a commercial mar-
ket for the vaccine outside of the armed services. In
contrast to influenza, military problems with ad-
enovirus infections have had little relevance for ci-
vilian populations. The sole US producer of aden-
ovirus vaccines has disassembled its production
facility and current lots of vaccine expired in the
spring of 1997. In 1997 and 1998, the Food and Drug
Administration extended the expiration date of ex-
isting vaccine lots, allowing vaccination through the
1998-1999 winter season. Despite current concerted
efforts to re-establish a production capacity, it is
inevitable that vaccines will not be available to pro-
tect trainees for a period of at least 2 years and that
epidemics will recur.

While the commercial aspects of adenovirus vac-
cine production are unique among the conditions dis-
cussed in this section, the current crisis vividly dem-
onstrates the vulnerability inherent in a communicable
disease control program that is agent-specific and one
layer thick. The absence of other preventive strate-
gies, in particular the absence of mode-specific inter-
ventions for airborne and direct-contact transmission,
is a continuing source of vulnerability.

Meningococcal Disease

Disease caused by N meningitidis has a long-
standing relationship with the US military.57 Not-
withstanding recent policies to vaccinate military
personnel deployed to parts of the world where
meningococcal disease is endemic,58 nearly 200
years of observations have demonstrated that men-
ingococcal infections occur predominantly in re-
cruits. In general, the prime determinant of large
military epidemics has been mobilization for war,
although smaller outbreaks may have been fueled
by contemporaneous epidemics in civilian commu-
nities. During World War I and World War II, 2,279
and 559 deaths were attributable to meningococcal
disease, respectively. The case-fatality rate during
World War I was 39%.57 Although disease caused
by N meningitidis was the second leading cause of
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infectious disease death during World War II,59 the
overall case-fatality rate was substantially reduced
through the use of sulfonamide prophylaxis.60

While many strains of meningococcus circulate
freely among trainee populations, most “carriage” is
asymptomatic. In fact, carriage rates among unaf-
fected populations are similar to those observed dur-
ing epidemics (20% to 80%).57 Early suggestions that
carriage rates in excess of 20% indicate a high risk of
subsequent morbid disease have not been substanti-
ated.60 Transmission occurs presumably via respira-
tory droplets (airborne and direct contact) originat-
ing primarily from individuals with asymptomatic
carriage. Fomites play a negligible role in disease
spread.61 Transmission among asymptomatic popu-
lations is very efficient and rapid, as documented by
a 92% culture-positive rate in one study of 99 men
over a 68-day period.60

The ability of meningococcal strains to circulate
widely but cause disease only rarely may cause sub-
stantial psychological stress in affected populations.
From the community viewpoint, the organism ap-
pears to strike randomly at helpless victims, a large
proportion of whom succumb quickly. As a result,
many community members may wait in fear to see
who will be struck down next. This viewpoint infers
both that the organism is extremely virulent and that
susceptibility to life-threatening disease is high. In fact,
both inferences are false. By the time cases occur, a
large proportion of the population has probably al-
ready been exposed, but only those with the rare (and
largely unknown) host susceptibility factors manifest
disease. Agent-associated virulence factors undoubt-
edly exist, but these remain largely undescribed.

Antibiotic prophylaxis and vaccination have been
the only two strategies in the prevention of meningo-
coccal disease. From World War II through the early
1960s, strains of N meningitidis remained sensitive to
sulfonamides. Complete reliance on this intervention
and the eventual development of widespread resis-
tance led to an 8-year period (1963–1971) during the
Vietnam War era when no effective preventive strate-
gies were available.57 One of the initial outbreaks in
this period—which occurred at Fort Ord—resulted in
much local hysteria, considerable political pressure,
and the eventual suspension of basic training at that
installation. In the late 1960s, military investigators
demonstrated that rifampin could effectively elimi-
nate carriage, but the widespread development of
resistance to this antibiotic limited its usefulness as
a tool in outbreak interruption.1

Efforts in vaccine development intensified and
eventually were fruitful. In October 1971, vaccina-
tion against serotype C was begun for all trainees;

vaccines against serogroups A, Y, and W-135 were
subsequently developed and fielded during the late
1970s and early 1980s. Since the development and
routine use of the tetravalent vaccine (A/C/Y/W-
135), the occurrence of meningococcal disease has
become extremely rare among recruits and due ex-
clusively to serogroup B strains.57 Several group B
vaccines have been developed, but none demon-
strates more than partial (approximately 50%) efficacy
and all have only investigational new drug status.

As with other airborne infections, no effective
prevention strategies have been developed that
control meningococcal infections along its route
of transmission. Although studies have shown asso-
ciations of disease incidence with crowding, ventila-
tion, and microclimate, few trials have been at-
tempted to evaluate the effectiveness of modifying
these factors.62 Efforts attempted during World War
I included quarantine, isolation of carriers, reduc-
tion of crowding, and increased ventilation.60 The
practical requirements of mobilizing a million sol-
diers during a very short period of time limited
these attempts. Subsequent investigations focused
almost entirely on chemoprophylaxis and immuno-
prophylaxis.

Nonavailability of a vaccine against serogroup B
meningococcus remains a major threat to the health
of trainees. The potential for this serogroup to cause
substantial outbreaks was demonstrated in the early
1960s. The recent occurrence of large outbreaks of
group B disease in other parts of the world high-
lights this potential threat. There is no logical rea-
son to believe that these strains will not reappear.
Furthermore, the causal connection between the
fielding of vaccines and the disappearance of men-
ingococcal disease in military recruits has been
questioned by at least one prominent authority.57

These shortcomings suggest that further inquiry
into strategies to interrupt the transmission of men-
ingococcal organisms within trainee populations
may be warranted.

Group A Streptococcal Disease

The reemergence of rheumatic fever63 and the iden-
tification of a previously unidentified syndrome (toxic
streptococcal syndrome)64 during the 1980s sparked
substantial, renewed interest in S pyogenes infections.
Increases in the occurrence of many of the known sup-
purative complications of streptococcal infections
were reported from many locations. During this pe-
riod, outbreaks of group A streptococcal infections
occurred within the trainee populations of all mili-
tary services.33,35,37,65 Both the Army and Navy reported
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clusters of rheumatic fever cases. These outbreaks re-
sulted in increased hospitalizations, substantial mor-
bidity, and even death. Penicillin prophylaxis pro-
grams, which had been discontinued years before,
were reinstituted to control disease.

Strategies to control streptococcal disease out-
breaks in the military derive from the large out-
breaks during World War II. As a result of those
outbreaks, the armed services conducted numerous
investigations to identify methods of disease con-
trol.66 An early, remarkable victory was the demon-
stration that treatment of streptococcal pharyngitis
with benzathine penicillin G (BPG) within 9 days
of the onset of symptoms could prevent the devel-
opment of rheumatic fever.67 This intervention
provided dramatic relief for installations where
rheumatic fever attack rates after streptococcal
pharyngitis approached 5%. However, because
S pyogenes strains circulated widely among trainee
populations and because many persons with rheu-
matic fever reported no antecedent episode of
pharyngitis, treatment of symptomatic trainees
was not effective in controlling outbreaks. Subse-
quent investigations at the Streptococcal Disease
Laboratory at Fort Warren, Wyo,67,68 and elsewhere69–

72 demonstrated that combined mass and tandem
prophylaxis could control outbreaks in trainee
populations.

Combinations of mass and tandem prophylaxis
programs with BPG have been the mainstay of
streptococcal disease control programs for the mili-
tary ever since. Mass prophylaxis in this context
consists of administering antibiotics to all trainees
on an installation or in an affected group over a rela-
tively short period of time. Tandem prophylaxis
consists of routinely administering antibiotics to
new cohorts of trainees shortly after arrival. An at-
tempt to contain a broad-based disease outbreak
with tandem prophylaxis alone34 demonstrated the
non-effectiveness of this approach. Current Army
policies direct the administration of the tandem
prophylactic dose (when used) within the first few
days of arrival at reception stations, while at Ma-
rine Corps and naval training centers, this dose is
administered on the 17th day. Hyperendemic infec-
tions among a Marine Corps trainee population re-
ceiving repeated courses of penicillin prophylaxis
(on days 17 and 55) led Gray and colleagues to rec-
ommend erythromycin prophylaxis for individuals
with penicillin allergy.73

The role of surveillance in the early identifica-
tion of streptococcal disease outbreaks has already
been discussed. Both the streptococcal-ARD index
(Army) and the proportion of all throat cultures

positive for S pyogenes (Navy and Marine Corps)
serve as sensitive indicators of evolving outbreaks.
A continuing difficulty, particularly at Army installa-
tions, is the lack of a reliable indicator to signal when
prophylaxis programs may be terminated. A recur-
rent outbreak at Fort Leonard Wood in 1989 follow-
ing 19 months of BPG prophylaxis demonstrated that
absence of streptococcal disease in the local commu-
nity was not a reliable indicator that prophylaxis could
be safely discontinued.34

Although BPG may have benefits that extend be-
yond the prevention of streptococcal disease,74 use of
penicillin prophylaxis for disease control is not an
optimal strategy. The potential for allergic reactions,
the threat of developing resistant organisms, and the
logistical burden of providing deep intramuscular
inoculations warrant development of alternative con-
trol strategies. Although S pyogenes organisms have
not yet demonstrated true resistance to penicillin, that
is no guarantee that such resistance will not develop
in the future. Selection of an alternative chemopro-
phylactic regimen may be problematic. While some
suggest that development of a multi-M-type vaccine
is a real possibility,75,76 other experts believe that will
not happen soon.

Efforts to contain the organism within the environ-
ment were attempted by investigators in the years
immediately following World War II. Unfortunately,
blanket- and floor-oiling experiments were predicated
on the assumption that streptococci are transmitted
through the airborne route. Subsequent investigations
showed that direct contact transmission was, in fact,
the principal mode. Environmental factors clearly play
an important role in ongoing outbreaks of S pyogenes.
For example, of 6,710 admissions for rheumatic fever
reported in the Army during 1943, 43% occurred in
the five states of Colorado, Utah, Idaho, Montana, and
Wyoming.11 This region of the country is recognized
as an area of increased risk for streptococcal infections,
but the reasons for this remain unknown.

Current approaches to the control of streptococcal
infections suffer from the same limitations of all dis-
eases discussed in this section. Reliance on chemo-
prophylaxis is agent-specific and at some point is
liable to fail. Ongoing problems with streptococcal in-
fections among Marine Corps trainees (eg, pharyngi-
tis and less commonly suppurative sequelae) demon-
strate that approaches that implement a single, final
barrier within the susceptible host may not succeed.

Other Agents of Communicable Disease

Influenza viruses, adenovirus, N meningitidis,
and S pyogenes are only four of numerous infectious
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agents that are a current threat to the health of mili-
tary trainees. These organisms have had special sig-
nificance in the past and remain among the most
dangerous threats in the near future, but other or-
ganisms deserve at least brief mention.

Pneumococcal disease has been a major problem
for military populations in the past, particularly in
the 1940s.77 Moreover, pneumonia caused by S
pneumoniae is a significant threat to trainee health.
Although these organisms were susceptible to peni-
cillin in the past and an effective, multivalent vaccine78

is available for long-term immunoprophylaxis, recent
difficulties at the Naval Training Center indicate that
prevention strategies are not likely to be simple. Re-
ports of increasing resistance to multiple antimicro-
bials79 and continuing outbreaks in closed popula-
tions80–83 are a cause for concern.

Varicella infections continue as an unmanageable
problem in recruit populations. Trainees arriving
from tropical locations (eg, Puerto Rico) have low

rates of childhood infection and therefore remain
susceptible. Since the licensure of a varicella-zoster
vaccine in 1995, its use in recruit populations has
been endorsed by several services and may soon
become a universal requirement for nonimmunes.

Chlamydia pneumoniae is a widely recognized
cause of acute respiratory disease.84 This organism
has been identified as a significant cause of respi-
ratory disease in recruit populations in other coun-
tries.85 Retrospective analysis of one outbreak of
pneumonia in Army recruits suggests that this or-
ganism has caused disease in this country as well.
Chlamydial organisms are unique in their mecha-
nisms of pathogenesis and could potentially cause
unique problems in future trainee populations.

Streptococcal species other than group A could
emerge as significant causes of respiratory disease
in the future. Multiple serogroups have been in-
criminated as causes of disease outbreaks in other
closed populations in the 1980s and 1990s.86–90

SUMMARY

Rates of communicable disease among military
trainee populations have been brought to historical
lows. Ongoing programs of environmental sanitation
prevent the threat of vector-borne, foodborne, and
waterborne diseases that plagued Army camps dur-
ing the 19th century. Vaccinations against influenza,
adenovirus, and the meningococcus have minimized
the occurrence of these diseases. Nonetheless,
the threat of virulent influenza, the lapse in adenovi-
rus vaccine coverage, and the B serogroup “gap”
in the tetravalent meningococcal armamentarium
remain substantial threats to future trainee health.
Similarly, the resurgence of S pyogenes infections dur-
ing the 1990s and the sputtering patchwork approach
of administering penicillin to massive populations of
trainees suggests that a less-than-optimal strategy of
disease prevention is being pursued. Other agents of
communicable disease, which have not quite become
leading players, loom in the background and are
within an arm’s reach of trainee wellness.

A currently prevailing attitude of complacency to-
ward the prospect of trainee outbreaks probably has
multiple causes. First, there are other aspects of mili-
tary medicine and modern medicine, in general, that
more easily attract and sustain attention and re-
sources. These more-flashy areas compete with the
ever-present and rather mundane need to sustain and
enhance the health and readiness of that valuable as-
set: the newly enlisted sailor, soldier, airman, and
marine. A second reason for the current lack of initia-
tives in the control of trainee communicable disease

may derive from the belief that methods of immuno-
prophylaxis and chemoprophylaxis can inevitably be
found to control all emerging threats. Yet it is this very
belief that has perpetuated the emphasis on agent-spe-
cific strategies as the solution for disease control. These
strategies have produced remarkable results, but they
provide only limited solutions for what are essentially
larger issues relating to modes of transmission. The
need for renewing, revising, and recreating vaccines
and antibiotic prophylactics will be as endless as the
ability of organisms to emerge, adapt, and mutate. The
continuing struggle to control agents transmitted by
the airborne and direct-contact routes contrasts so
clearly with the successes attained in the control of
agents associated with other modes of transmission
that the biomedical community should pause to con-
sider redirecting at least some of its research efforts.

Environmental solutions that eliminate the threat
of airborne and direct-contact contagion will not be
easily obtained. Others who have investigated en-
vironmental factors related to the transmission of
cold viruses eventually closed their laboratory with
little to offer the world against its most common
affliction.91 The agenda of research that was left
unfinished by the Commission on Airborne Infec-
tions when Sampson Air Force Base, NY, closed in
June 1956 is a reasonable starting point for resum-
ing work that is largely unfinished.1 As one con-
sultant familiar with these issues stated, “The field
is wide open and merely awaits the arrival of some
genius.”92(p768)
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