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Commentary: The Limited Role of Vaccines in the Prevention of Acute Gastroen-
teritis
Francis L. O’Donnell, MD, MPH (COL [Ret], USA); Tonya S. Rans, MD (Col, MC, USAF)

Acute gastroenteritis is associated 
with sudden onset of disturbances 
in gastrointestinal function such 

as nausea, vomiting, diarrhea (sometimes 
bloody), abdominal cramps, and fever. 
The illness typically lasts less than 2 weeks 
and is most commonly associated with an 
infectious etiology. Treatment with anti-
biotics and antimotility agents may be 
indicated depending upon the causative 
infectious agent and the severity of symp-
toms. Acute gastroenteritis is very com-
mon and is estimated to cause 179 million 
cases, over 470,000 hospitalizations, and 
over 5,000 deaths among U.S. residents 
each year.1 People usually acquire the 
infectious agents (bacteria, viruses, or pro-
tozoa) via the ingestion of contaminated 
food or water or direct person-to-person 
contact. Although developed nations have 
reduced the risks of exposure to gastro-
intestinal pathogens by building infra-
structures of sanitary systems for water 
distribution and sewage disposal, trans-
mission via contaminated food and water 
remains common. 

In military populations, the threat of 
gastroenteritis is enhanced when person-
nel are serving in field settings as part of 
training, deployment, or in theaters of 
combat. The efforts of military preventive 
medicine and environmental health assets 
focus on minimizing the risks of food-
borne and waterborne disease not only in 
the peacetime settings of congregate hous-
ing and field training but also in the aus-
tere settings of combat. Although such 
preventive measures are effective, they do 
not prevent all gastrointestinal illness. 

Immunizations provide a powerful 
class of defense against infectious diseases. 
Although vaccines protecting against at 
least 30 different infectious diseases have 
been approved by the U.S. Food and Drug 
Administration (FDA) on the basis of evi-
dence of safety and effectiveness, only 2 of 
those vaccines (cholera, rotavirus) offer 
the prospect of an immunological defense 
against a specific cause of gastroenteritis.2 

The FDA-approved cholera vaccine 
is a live, orally administered vaccine that 
offers protection against the Vibrio chol-
erae O1 strain, a bacterium capable of 
causing gastroenteritis at the more severe 
end of the spectrum (i.e., cholera).3 Chol-
era vaccine is not a routinely administered 
vaccine, and no country or territory cur-
rently requires vaccination against chol-
era as a condition of entry for visitors. 
The Advisory Committee for Immuniza-
tion Practices and the Centers for Disease 
Control and Prevention recommend chol-
era vaccine for individuals 18–64 years of 
age who reside in an area with endemic 
cholera or who will travel to an area that is 
experiencing a cholera outbreak or that has 
a high risk of cholera because of a human-
itarian crisis.3 There are also 3 other oral 
vaccines for cholera that are not approved 
for use in the U.S. These vaccines are killed 
vaccines and they require 2 doses at least a 
week apart for full protection.3 

Rotavirus-caused gastroenteritis affects 
nearly all children by the time they reach 
the age of 5 in both developed and under-
developed regions around the world.4 The 
live, oral vaccine must be given in 2 or 3 
doses, depending upon the brand of vaccine 
used. The first dose should be administered 
before 14 weeks and 6 days of age and the 
last dose by 8 months and 0 days of age. The 
vaccine is not indicated for adults.5 

The better-recognized bacterial spe-
cies associated with gastroenteritis are 
members of the genera Escherichia, Sal-
monella, Shigella, Campylobacter, Clostrid-
ium, Staphylococcus, Bacillus, Yersinia, and 
Vibrio. Except for V. cholerae, there are no 
vaccines for any of these bacteria. Proto-
zoan causes of gastroenteritis are less com-
monly identified than the bacterial and 
viral causes, but there are no vaccines for 
the more common protozoans (i.e., Giar-
dia, Cryptosporidium, and Cyclospora). 
There are numerous viral causes of gas-
troenteritis, but the best known are the 
caliciviruses (including noroviruses), 
astroviruses, and rotaviruses. Except for 

the rotavirus vaccine, there are no FDA-
approved vaccines to protect against the 
viral causes of acute gastroenteritis. It 
has been estimated that noroviruses are 
the cause of about one-third of all cases 
of gastroenteritis in the U.S., so an effica-
cious norovirus vaccine has been the sub-
ject of much research to date.6 The quest 
for a norovirus vaccine or vaccines has 
proven especially challenging because of 
the relatively short period of immunity 
following a clinically significant infection, 
the heterogeneity of strains of norovirus, 
and the inability to culture the virus in the 
laboratory.6 Despite these challenges, sev-
eral norovirus vaccine candidates are cur-
rently being evaluated in human clinical 
trials, including a study of a bivalent vac-
cine in military recruits.7

The incidence rates of most types of 
acute infectious gastroenteritis are not 
susceptible to reduction by vaccines. The 
prevention of gastroenteritis (and other 
diseases) spread through fecal contami-
nation of water, food, or fomites depends 
upon diligent implementation of the wide 
spectrum of measures that constitute san-
itation, hygiene, environmental health, 
food safety, and disease surveillance. 
Responsibilities in these areas fall to gov-
ernment agencies, suppliers of food and 
water, educators, public health authori-
ties, healthcare providers, parents, and 
individuals. 

A current review of required immuni-
zations for Department of Defense person-
nel by Combatant Command is available at 
https://health.mil/Military-Health-Topics/ 
He a l t h - R e a d i n e s s / Im mu n i z at i o n -
Healthcare/Vaccine-Recommendations/
Vaccine-Recommendations-by-AOR.
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Travelers’ diarrhea (TD) has historically been common among deployed mili-
tary personnel and remains a leading infectious disease threat to this popula-
tion. The risk factors, work performance, and illness associated with TD among 
British active duty service members exercising at British Army Training Unit 
Kenya (BATUK) were assessed. Members of the British Army who were finish-
ing a 6-week combined arms training exercise in Nanyuki, Kenya, completed 
routine public health surveillance questionnaires. Survey data included infor-
mation on demographics, rank, risk factors, illness characteristics, and impact 
on performance. Among 1,227 survey respondents, 21.9% (n=269) reported 
having diarrhea, with an estimated 824 days of total missed work and 
1,215 days of work underperformance. The majority of cases (54.6%) 
had multiple diarrheal episodes. One quarter (24.9%) of the respondents with 
TD sought medical care and 19.7% were bedded down because of their 
illness. There were no statistically significant differences between the TD 
and no TD groups on the demographic characteristics examined. The 
strongest risk factor for diarrhea was having a colleague with diarrhea 
(adjusted odds ratio=51.78; 95% confidence interval: 29.44–91.06). TD had a 
notable impact on duty status and operational capability. Efforts are needed to 
improve BATUK’s participant education on the importance of diarrheal 
disease prevention and management. 

Diarrhea and Associated Illness Characteristics and Risk Factors Among British 
Active Duty Service Members at Askari Storm Training Exercise, Nanyuki, Kenya, 
January–June 2014
Daniel S. Burns, BM, BCh, DTM&H, MRCP (Maj, RAMC); Chad K. Porter, PhD, MPH; Ramiro L Gutierrez, MD, MPH (CAPT, MC, USN); 
Nashiva C. McDavid, MPH; Emma J. Hutley, MBChB, MRCP, FRCPath, DTM&H (Lt Col, RAMC); Mark S. Riddle, MD, DrPH (CAPT [Ret], 
USN); Patrick Connor, FRCP (Col [Ret], L/RAMC)

W H A T  A R E  T H E  N E W  F I N D I N G S ? 

This is the first report of the effect of infectious 
diarrhea on British troops participating in the 
Askari Storm Training Exercise in Nanyuki, 
Kenya. These data highlight the impact of di-
arrheal diseases in this training exercise and 
the continued need to refine primary preven-
tion strategies.

W H A T  I S  T H E  I M P A C T  O N 
R E A D I N E S S  A N D  F O R C E  H E A L T H 
P R O T E C T I O N ?

In 2019, the National Center for Medical Intel-
ligence identified bacterial diarrhea disease 
as the number one priority among endemic 
and emerging infectious diseases that pose 
a threat to deployed U.S. forces. These data 
support the importance of diarrheal disease  
in training exercises in addition to operational 
settings.

Travelers’ diarrhea (TD) is typically 
defined as 3 or more unformed stools 
in 24 hours with at least 1 of the fol-

lowing additional symptoms: fever, nausea, 
vomiting, abdominal cramps, tenesmus, or 
bloody stools.1 TD has been the most com-
mon medical problem and remains one of 
the most important health threats among 
globally deployed military members, both in 
combat and peacetime missions.2,3 Infectious 
gastroenteritis was identified as 1 of the top 5 
reasons for clinic visits in studies evaluating 
disease and non-battle injury rates in recent 
peacetime and combat operational settings.4 
While TD typically spontaneously resolves 
within 3 to 5 days,5 it can have detrimental 
long-term consequences including func-
tional bowel disorders, reactive arthritis, and 
Guillain-Barré syndrome.6,7

The most recent systematic review of 
TD in military (and similar) populations 
estimated more than 35 cases per 100 per-
son-months with significant heterogeneity in 
incidence depending on region and duration 

of travel.5 Studies of the etiology of TD in 
military populations point to the importance 
of diarrheagenic Escherichia coli, in particu-
lar enterotoxigenic E. coli, as well as other 
bacterial etiologies as key pathogens. TD sig-
nificantly impacts affected individuals with 
up to 1 in 5 personnel being incapacitated 
or being placed sick in quarters (SIQ)5 and a 
high proportion of those affected experienc-
ing prolonged decreases in job performance.8

In addition to high rates of TD in opera-
tional settings, prior studies have highlighted 
elevated rates during military training exer-
cises.9–12 Data for the current study were 
obtained from members of the British Army 
who completed a 6-week combined arms 
training exercise based at British Army 
Training Unit Kenya (BATUK), a permanent 
training support unit located 200 kilometers 
north of Nairobi in Nanyuki, Kenya. BATUK 
consists of approximately 200 permanent 
and short-tour staff.  BATUK provides logis-
tical support to visiting units and, through 
an agreement with the Kenyan Government, 

facilitates six-week exercises for up to 6 infan-
try battle groups (1,000–1,200 troops) per 
year.9 In addition, BATUK hosts Royal Engi-
neer Squadron exercises that carry out civil 
engineering projects and a medical company 
group deployment that provides outreach 
primary healthcare assistance to the civil-
ian community in collaboration and coor-
dination with the regional and local Kenyan 
Health authorities.

M E T H O D S

Study design

This was a cross-sectional study of TD 
among UK Army Infantry Battle Groups 
participating in training exercises at BATUK 
training camp between January and June 
2014. Data were collected as part of routine 
public health surveillance from 1 of 3 battle 
groups of military personnel participating 
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in the Askari Storm training exercise. These 
6-week exercises involved a light infantry 
battle group operating over the rugged ter-
rain of the Kenya savannah, including river 
crossings and water exposure at an altitude 
of 800–1,500 meters. Soldiers largely lived in 
the field in bivouacs and returned to camp 
accomodation 2–3 times during an exercise. 
Food and water on exercise were provided 
from ration packs or prepared by military 
chefs, with oversight from the military envi-
ronmental health team. There were typically 
opportunities at the end an exercise for indi-
viduals and groups to take part in outdoor 
training activities that included kayaking and 
other water-based activities. During such 
activities, food was provided from Kenyan 
sources and there was fresh water exposure. 
During the training exercise, soldiers had 
opportunities to eat at Kenyan restaurants 
local to the base. These restaurants were 
inspected by the military environmental 
health team and required to meet UK food 
hygiene standards in order to appear on the 
approved list; however, enforcement of these 
regulations sometimes proved challenging.

Participants completed a survey consist-
ing of 28 questions that collected information 
on respondent demographic characteristics, 
illness characteristics, impact of illness on 
work performance, and potential risk factors 
for TD. The questionnaires were designed for 
ease of use and simplicity of understanding. 
To facilitate data analysis, the questionnaire 
allowed few options for free text entries. To 
obtain information on illness characteris-
tics, respondents were asked to indicate the 
number of different diarrheal episodes expe-
rienced and to describe the number of bowel 
movements from their self-assessed worst 
diarrheal episode. To determine the impact 
of TD on work performance, respondents 
were asked about their ability to perform 
their normal duties during an average epi-
sode of diarrhea and the total number of days 
of work missed as a result of TD. No person-
ally identifiable information was collected at 
any point during the surveillance exercise.

Data sources

All UK Army Infantry Battle Group 
personnel participating in the 6-week Askari 
Storm training exercise were asked to com-
plete routine self-administered public health 
surveillance paper questionnaires. Respon-
dents were members of 1 of 3 separate battle 
groups (selected at random) of approximately 

1,000 personnel each. Questionnaires were 
distributed by BATUK staff and completion 
was voluntary and anonymous. No data were 
obtained on personnel who did not complete 
the questionnaire. Survey data were entered 
into a Microsoft Access database (2010, 
Microsoft Corporation, Redmond, WA) by 
a trained data manager. Institutional review 
board approval was not required as per the 
Ministry of Defence Research Ethics Com-
mittee guidelines.

Statistical analysis

Self-reported data on demographic 
characteristics, potential risk factors, and 
diarrhea illness characteristics were summa-
rized. Demographic comparisons between 
those with and without diarrhea were made 
using a Pearson’s chi-square test. Separate 
logistic regression models were used to cal-
culate odds ratios (ORs) and associated 95% 
confidence intervals (CIs) for each poten-
tial TD risk factor. For those potential risk 
factors with statistically significant ORs, 
adjusted odds ratios (AORs) were calcu-
lated from a multivariable logistic regression 
model that included all potential risk fac-
tors. All statistical analyses were performed 

using SAS/STAT software, version 9.3 (2011, 
SAS Institute, Cary, NC).

R E S U L T S

Study population

A total of 1,227 British Army military 
personnel who participated in the training 
exercise at the BATUK Askari Storm training 
camp completed public health surveillance 
questionnaires (Table 1). Given that each bat-
tle group had approximately 1,000 military 
members, an approximate estimate of the size 
of the group from which the sample popula-
tion was drawn was 3,000, for an estimated 
response rate of about 41%. Survey respon-
dents were predominantly male (89.1%), 
between the ages of 20–25 years old (38.0%) 
and of the "Private" rank (45.8%). A total of 
21.9% of the respondents reported having 
diarrhea; there were no statistically signifi-
cant differences between the TD and no TD 
groups on the demographic characteristics 
examined (Table 1). 

The majority of respondents with diar-
rhea (n=147; 54.6%) reported having multiple 

T A B L E  1 .  Demographic and military characteristics of survey respondents, active duty 
British military personnel participating in the British Army training unit 6-week exercise 
Askari Storm, Nanyuki, Kenya, January–June 2014

Total No. with TD No. without TD
Characteristic No. % No. % No. % p-value

Total 1,227 100.0 269 21.9 958 78.1
Sex

Males 1,093 89.1 240 89.2 853 89.0 .475
Females 84 6.9 21 7.8 63 6.6
Not reported 50 4.1 8 3.0 42 4.4

Age group (years)
<20 138 11.3 24 8.9 114 11.9 .278
20–25 466 38.0 107 39.8 359 37.5
26–30 338 27.6 75 27.9 263 27.5
31–40 210 17.1 51 19.0 159 16.6
>40 28 2.3 7 2.6 21 2.2
Not reported 47 3.8 5 1.9 42 4.4

Rank
Private 562 45.8 117 43.5 445 46.5 .248
Junior non- 
commissioned officer 412 33.6 87 32.3 325 33.9

Senior non- 
commissioned officer 122 9.9 28 10.4 94 9.8

Warrant officer 26 2.1 5 1.9 21 2.2
Officer 99 8.1 29 10.8 70 7.3
Not reported 6 0.5 3 1.1 3 0.3

No., number; TD, travelers' diarrhea.
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individual diarrheal episodes, and more 
than one-third (34.6%) of affected respon-
dents had a diarrheal illness that lasted for 
more than 3 days (Table 2), leading to a total 
of 824 days of missed work (data not shown). 
During their worst diarrheal episode, 50.2% 
of TD cases reported 3–5 stools a day, with 
almost a quarter (23.9%) reporting more 
than 5 stools daily. Concurrent symptoms 
included abdominal pain or cramps (63.9%), 
nausea or vomiting (19.0%), subjective fever 
(13.4%), joint pain (5.6%), and muscle aches 
(2.2%). Only a quarter (n=67; 24.9%) of the 
respondents with TD sought care and 19.7% 
were "bedded down" because of their illness 
(Table 2). 

Results of bivariate analyses suggested 
that significant risk factors for TD included 
having a colleague with diarrhea (OR=63.75; 
95% CI: 36.51–111.33), consumption of 
locally sourced/produced food within 2 
days before diarrhea onset (OR=3.47; 95% 
CI: 2.58–4.68), swimming/bathing/patrol-
ling through local water within 3 days before 
diarrhea onset (OR=2.72; 95% CI: 2.03–
3.63), prior appendectomy (OR=2.29; 95% 
CI: 1.36–3.86), and consumption of uncer-
tified water (OR=1.60; 95% CI: 1.07–2.38) 
(Table 3). In a multivariable model includ-
ing all potential risk factors, only the con-
sumption of locally sourced/produced food 
(AOR=2.00; 95% CI: 1.08–3.72) and hav-
ing a colleague with diarrhea (AOR=51.78; 
95% CI: 29.44–91.06) remained statistically 
significant. 

E D I T O R I A L  C O M M E N T

Accurate estimates of the burden of dis-
ease in different geographical settings and 
types of activities assist with military plan-
ning. The results of this study highlight the 
continued importance of TD in this popula-
tion. In this self-selected sample of a military 
population engaged in a training exercise, TD 
increased the number of duty days lost and 
subsequently reduced the full benefit of the 
training exercise. The proportion of respon-
dents who reported having diarrhea is com-
parable to estimates in previously published 
reviews5; however, the high proportion who 
reported repeated diarrheal episodes over 
the short duration of the exercise is notable. 
Additionally, these data enable power calcula-
tions for planned interventional trials assess-
ing diarrhea prevention tools in these settings. 

T A B L E  2 .  Summary of diarrheal illness 
characteristics among active duty Brit-
ish military personnel participating in 
the British Army training unit 6-week 
exercise Askari Storm, Nanyuki, Ke-
nya, January–June 2014

No. of 
respondents 
who reported 
TD (n=269)

%

No. of diarrheal episodes

1 119 44.2

2 74 27.5

≥3 73 27.1

Missing 3 1.1

Duration (days)a

1 51 19.0

2–3 120 44.6

4–5 44 16.4

>5 49 18.2

Missing 5 1.9

No. of stools per daya

<3 68 25.3

3–5 135 50.2

6–10 50 18.6

>10 9 3.4

Continuous 5 1.9

Missing 2 0.7

Symptomsb

Fever 36 13.4

Abdominal pain/
cramps 172 63.9

Nausea or       
vomiting 51 19.0

Joint pain 15 5.6

Muscle aches 6 2.2

Blood in diarrhea 15 5.6

Diarrhea managementb

Reported sick to 
physician or medic 67 24.9

Bedded down with 
diarrhea 53 19.7

Self-treated 
diarrhea 126 46.8

Self-treated with 
water 22 8.2

Self-treated with 
Imodium 24 8.9

Self-treated with 
oral rehydration 
therapy

26 9.7

No., number; TD, travelers' diarrhea.
aOccurring during the most severe illness.
bMultiple responses to this survey item were 
allowed.

These data also suggest that the development 
of the training site and control of the envi-
ronment and training population may have 
reduced the proportion reporting TD in this 
cycling population since 1999–2000 when 
the proportion with diarrhea was estimated 
at 40–60% (UK Ministry of Defence, unpub-
lished internal report, February 2001).

Risk factors similar to those in prior 
studies were identified11,13–15; however, by far 
the greatest risk factor was having a colleague 
with TD. This may represent a common 
point-source exposure or person-to-person 
spread. Based on the typical etiology of TD, 
and the transmission of common pathogens, 
the former is more likely than the latter. 

Participants were unlikely to seek treat-
ment for TD, consistent with other studies on 
care-seeking behavior in cases of TD.16 This 
may be due to the illness being less severe, 
perception of a lack of viable treatment strat-
egies, and/or social constraints resulting in 
decreased reporting. Self-treatment was rela-
tively rare; however, 8.9% of participants with 
diarrhea used the antimotility agent, loper-
amide. Recent studies have shown that treat-
ment regimens that include an antimotility 
agent and an appropriate antibiotic can pro-
duce rapid clinical resolution and minimize 
lost duty time.17

There are several limitations that should 
be considered when interpreting the results of 
this study. First, the reliance on self-reported 
data may have introduced response bias. It is 
possible that those who had at least 1 diar-
rheal episode may have been more likely to 
complete the questionnaire than those who 
did not. It is also possible that questionnaire 
respondents misclassified their exposure to 
potential risk factors, the outcome of diarrhea, 
and/or the characteristics of their illnesses. In 
addition, participants may have mischarac-
terized concomitant symptoms that may not 
have occurred concurrent with their diar-
rheal illnesses. Prior studies have also high-
lighted underreporting of TD in deployment 
settings.18 Moreover, data on the background 
characteristics of soldiers who were eligible to 
complete the survey but who did not do so 
would have helped to assess the generalizabil-
ity of the results to the larger training popu-
lation. Finally, efforts to validate the survey 
or to assess its internal validity and reliabil-
ity were limited, which may have affected the 
results. 

Ongoing data collection is needed to 
assess the continued disease risk associated 
with TD and other potential infectious disease 
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threats of concern. Additionally, efforts to 
understand the pathogens causing disease in 
this population are needed to ensure appro-
priately targeted interventions and treat-
ments. Utilization of recently established 
clinical practice guidelines for TD treatment, 
while not preventing TD, may minimize the 
impact of the illness on personnel.19
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Variable No. Crude OR 95% CI AORa 95% CI
Smoker 488 0.91 0.69–1.20 -- --
On regular medication 72 1.25 0.72–2.14 -- --
On antimalarial medication 739 1.00 0.60–1.64 -- --
Appendectomy 64 2.29 1.36–3.86 -- --
Drank uncertified water 133 1.60 1.07–2.38 -- --
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No., number; OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio.
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Surveillance Snapshot: Norovirus Outbreaks in Military Forces, 2015–2019 
Leslie L. Clark, PhD, MS

Norovirus (NoV) infections are a leading cause of acute gastroenteritis outbreaks in both the U.S. and worldwide.1 Although most cases 
of NoV illness are mild and self-resolving, NoV outbreaks can cause significant morbidity in military personnel and have a significant opera-
tional impact on affected units.2,3

NoV outbreaks are difficult to prevent because of several characteristics. NoVs are highly contagious and transmitted through multiple 
routes, including person-to-person direct contact and exposure to contaminated food, water, aerosols, and fomites. NoVs have demon-
strated long-term stability in the environment and resistance to temperature extremes and standard disinfection methods. Human infec-
tions with NoV are associated with a prolonged shedding period that promotes secondary transmission. Finally, previous NoV infection 
often does not confer lasting immunity to reinfection with the same NoV strain or to different strains.4

Previously, the MSMR has summarized published reports of NoV outbreaks in military forces.5,6 This update captures NoV outbreak 
reports in military forces published in the 5-year period between 2015 and 2019 (Table).7–13 The surveillance period included the years 2015 
and 2016 (covered in a previous report) in order to identify NoV outbreak reports published since the last MSMR summary. Attack rates 
are provided when explicitly stated or when they could be derived from the data provided in published reports. This summary includes only 
outbreaks in military settings where the authors explicitly reported NoVs as a primary cause of the outbreak. 

Several of the published reports documented significant operational impacts due to the NoV outbreak. Notably, the Camp Arifjan out-
break (and the public health response to contain it) resulted in the shutdown of a key personnel transit station in the U.S. Central Command 
for approximately 10 days,13 while the 2016 outbreak among French military personnel resulted in the cancellation of a field exercise because 
of a lack of personnel able to participate.11 

The number of military-associated NoV outbreaks reported in peer-reviewed literature likely represents only a small fraction of all NoV 
outbreaks in military populations. During the surveillance period in this update, several large, military-associated NoV outbreaks were also 
reported in the press. Notable examples include a 2017 NoV outbreak originating in base child care centers at Hurlburt Field (the headquar-
ters of the Air Force’s 1st Special Operation Wing) that resulted in more than 100 cases14 and a 2019 outbreak at the U.S. Air Force Academy 
that affected about 400 cadets.15 Military enteric disease surveillance programs also routinely identify NoV outbreaks that are not published 
in the peer-reviewed literature. For example, between 2011 and 2016, the Naval Health Research Center’s Operational Infectious Disease 
Directorate identified 18 NoV GI- and 26 NoV GII-associated out breaks in U.S. military recruits.16 This finding highlights the importance of 
enteric disease surveillance programs in accurately quantifying the burden of NoV outbreaks in military populations.
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T A B L E .  Reported NoV outbreaks in military forces, 2015–2019
Month and year 
of outbreak onset Setting Estimated attack rate (%) [no. of  

NoV cases out of total personnel] Description Ref. 
no.

April 2015 Army base, Portugal 4.9% [46 cases out of 938] 7 specimens positive for NoV GI.9 7

August 2015 Military camp, Singapore 3.0% [150 out of 5,000] New emerging strains of caliciviruses [sapovirus (GII.3) and NoV(GI.7 and 
GII.17)] identified as causative agents 8

October 2015 Army base, Portugal 40.0% [36 cases out of 90] 1 specimen tested positive for NoV GII.17; 22 cases hospitalized 9
January 2016 Army base, Azores (Portugal) 40.0% [20 cases out of 50] 5 specimens positive for NoV GII.Pe-GII.4 Sydney; likely spread by food worker 9

January 2016 Deployed French armed 
forces, Central African Republic 22.2% [200 cases out of 900] 6 specimens positive for NoV GII; foodborne outbreak likely due to local food 

handlers 10

February 2016 Military unit, France 34.3% [103 cases out of 300] 1 specimen positive for NoV GII.17; likely spread by food worker 11
November 2016 Army base, Portugal 7.4% [29 cases out of 394] 11 specimens positive for NoV GII.P2-GII.2 9
January 2017 Army military exercise, Portugal 20.0% [17 cases out of 84] 3 specimens positive for NoV GII.P16-GII.2 9

December 2017 Multiple Army units, Lisbon, 
Portugal

3.5% [31 out of 874 in 3 Army  
units] 11 samples positive for NoV GII.P16-GII.4 Sydney 12

May 2018 U.S. military, Camp Arifjan, 
Kuwait

No attack rate reported; 91 cases 
(8 confirmed, 83 suspected) 8 specimens positive via BioFire FilmArray; genotype unspecified 13

NoV, norovirus; no., number; Ref., reference.

https://www.nwfdailynews.com/news/20171216/more-than-100-norovirus-cases-at-hurlburt
https://www.nwfdailynews.com/news/20171216/more-than-100-norovirus-cases-at-hurlburt
https://gazette.com/military/hundreds-of-air-force-academy-cadets-sickened-in-norovirus-outbreak/article_118b372a-0be7-11ea-8384-6f631e8afc31.html
https://gazette.com/military/hundreds-of-air-force-academy-cadets-sickened-in-norovirus-outbreak/article_118b372a-0be7-11ea-8384-6f631e8afc31.html
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Laboratory, reportable medical event, and medical encounter data were 
analyzed to identify incident cases of acute gastrointestinal (GI) infections 
caused by Campylobacter, nontyphoidal Salmonella, Shigella, Escherichia coli 
(E. coli), or norovirus as well as cases of unspecified gastroenteritis/diarrhea 
among U.S. active component service members during 2010–2019. Unspec-
ified gastroenteritis/diarrhea diagnoses accounted for 98.8% of identified 
incident cases (4,135.1 cases per 100,000 person-years [p-yrs]). Campylo-
bacter was the most frequently identified specific etiology (17.6 cases per 
100,000 p-yrs), followed by nontyphoidal Salmonella (12.7 cases per 100,000 
p-yrs), norovirus (10.8 cases per 100,000 p-yrs), E. coli (7.5 cases per 100,000 
p-yrs) and Shigella (3.2 cases per 100,000 p-yrs). Crude annual rates of noro-
virus, E. coli, Campylobacter, and Salmonella infections and unspecified gas-
troenteritis/diarrhea increased between 2010 and 2019 while rates of Shigella 
infections were relatively stable. Among deployed service members during 
the 10-year period, only 150 cases of the 5 specific causes of gastroenteritis 
were identified but a total of 20,377 cases of unspecified gastroenteritis/diar-
rhea were diagnosed (3,062.9 per 100,000 deployed p-yrs). 

Update: Incidence of Acute Gastrointestinal Infections and Diarrhea, Active 
Component, U.S. Armed Forces, 2010–2019
Clara Ziadeh, PhD, MS; Leslie L. Clark, PhD, MS; Valerie F. Williams, MA, MS; Shauna Stahlman, PhD, MPH

W H A T  A R E  T H E  N E W  F I N D I N G S ?   

The crude overall incidence rate of unspeci-
fied gastroenteritis/diarrhea among active 
component service members during 2010–
2019 was more than 75 times the combined 
overall rates of acute GI infections attributable 
to the 5 specific pathogens of interest. Annual 
rates of unspecified gastroenteritis/diarrhea 
and all pathogen-specific GI infections except 
Shigella increased over the course of the 10-
year period. 

W H A T  I S  T H E  I M P A C T  O N 
R E A D I N E S S  A N D  F O R C E  H E A L T H 
P R O T E C T I O N ?

Unspecified gastroenteritis and diarrheal ill-
nesses remain prevalent among military per-
sonnel and can significantly degrade service 
members’ readiness for duty. Increased diag-
nostic testing of nonspecific acute GI infec-
tions is warranted to further elucidate which 
GI pathogens are the most prevalent in this 
population.

Acute gastrointestinal (GI) infec-
tions and diarrheal disease have 
been the perennial cause of sig-

nificant morbidity in military personnel 
in both deployed and nondeployed set-
tings.1,2 In American military personnel, 
acute diarrheal illness was the most com-
monly reported noncombat disease among 
deployed personnel during Operation Iraqi 
Freedom and Operation Enduring Free-
dom.3 More recent analyses of the burden 
of diarrheal disease among active compo-
nent U.S. service members estimated that 
diarrheal diseases accounted for 42,601 
healthcare encounters affecting 36,387 ser-
vice members in 2019.4

Acute GI infections can be caused by 
many bacterial, viral, or parasitic pathogens; 
however, studies in military populations 

have often focused on Campylobacter 
spp., nontyphoidal Salmonella spp., Shi-
gella spp., norovirus, or Escherichia coli as 
pathogens responsible for a majority of GI 
infections.5–7 In 2017, the Medical Surveil-
lance Monthly Report (MSMR) published 
estimated incidence rates of diagnoses of 
Campylobacter, nontyphoidal Salmonella, 
Shigella, norovirus, and E. coli infections 
among active component service members 
during 2007–2016.8–11 The current report 
updates and expands upon these previ-
ous analyses by estimating incidence rates 
of diagnoses of GI infections attributed to 
the aforementioned 5 pathogens as well as 
diagnoses of  unspecified gastroenteritis/
diarrhea among active component service 
members between 2010 and 2019.

M E T H O D S

The surveillance period was 1 Janu-
ary 2010 through 31 December 2019. The 
sur veillance population consisted of all 
active component service members of 
the U.S. Armed Forces who served in the 
Army, Navy, Air Force, or Marine Corps at 
any time dur ing the 10-year surveillance 
period. 

Diag noses of pathogen-specific acute 
GI infections (Campylobacter, nontyphoi-
dal Salmonella, Shigella, norovirus, or E. 
coli) and unspecified gastroenteritis/diar-
rhea were ascertained from records of 
reports of noti fiable medical events and 
from adminis trative records of all medi-
cal encounters of individuals who received 
care in fixed (i.e., not deployed or at sea) 
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medical facili ties of the Military Health 
System (MHS) or civilian facilities in the 
purchased care system. All such records 
are maintained in the Defense Medical 
Surveillance Sys tem. In addition, acute GI 
infection cases were ascer tained from Navy 
and Marine Corps Public Health Center  
records of lab oratory identification of GI 
pathogens in stool or rectal samples tested 
in laborato ries of the MHS. 

For surveillance purposes, an inci dent 
case of acute GI infection was defined as 
any one of the following: 1) a laboratory-
confirmed identification of GI infection 
in a stool or rectal sample, 2) a reportable 
medical event record of “confirmed” GI 
infection, 3) a single hospital ization with 
any of the defining diagnoses for acute GI 
infections in any diagnostic posi tion, or 4) 
a single outpatient encounter with any of 
the defining diagnoses for GI infections in 
any diagnostic position (Table 1). An inci-
dent case of unspecified gastroenteritis/
diarrhea was defined as 1 hospitalization or 
outpatient medical encounter with any of 
the case defining diagnoses of diarrhea in 
any diagnostic position (Table 1). 

An individual could be considered a 
case once every 180 days for each of the 5 
types of acute GI infections and unspeci-
fied gastroenteritis/diarrhea. The incidence 
date was considered the date of the earliest 
rectal or fecal sample that was confirmed 
positive for each acute GI infection, the 
date documented in a report able medical 
event report for each acute GI infection, or 
the date of the first hospitalization or out-
patient medical encounter that included 
the defining diag nosis of a case of acute 
GI infection/diarrhea. Incidence rates 
were calculated as the number of cases per 
100,000 person-years (p-yrs).

Cases of acute GI infections and 
unspecified gastroenteritis/diarrhea occur-
ring during deployments were analyzed 
separately. These cases were identified 
from the medi cal records of deployed ser-
vice members whose healthcare encounters 
were docu mented in the Theater Medical 
Data Store (TMDS). An incident case dur-
ing deployment was based on a single med-
ical encounter with a diagno sis recorded 
in the TMDS that occurred between the 
start and end dates of a service member’s 
deploy ment record.

R E S U L T S

During 2010–2019, there were 2,241 
diagnosed cases of Campylobacter infec-
tions, 1,616 of Salmonella infections, 406 
of Shigella infections, 952 of E. coli infec-
tions, 1,379 of norovirus infections, and 
527,357 diagnosed cases of unspecified 
gastroenteritis among active component 
service members (Table 2). The crude over-
all incidence rates per 100,000 p-yrs were 
17.6 for Campylobacter infections, 12.7 
for Salmonella infections, 3.2 for Shigella 
infections, 7.5 for E. coli infections and 
10.8 for norovirus infections. The crude 
overall incidence rate of unspecified gas-
troenteritis/diarrhea (4,135.1 per 100,000 
p-yrs) was more than 75 times the com-
bined overall rates of acute GI infections 
attributable to the 5 specific pathogens of 
interest.

Examination of overall incidence 
rates by demographic characteristics 
showed that, compared with males, 
females had higher rates of all 5 types of 
acute GI infections and unspecified gas-
troenteritis/diarrhea (Table 2). Active 
component service members aged 45 
years or older had the highest overall rates 
of Campylobacter and E. coli infections. 
Compared with those in older age groups, 
younger service members had the highest 
rates of norovirus infection and unspeci-
fied gastroenteritis/diarrhea. For Shigella 

infections, service members between 35 
and 39 years old had the highest overall 
incidence rate. Relative to those in other 
race/ethnicity groups, non-Hispanic 
black service members had lower rates 
of Campylobacter, Salmonella, and noro-
virus infections but the highest rates of 
Shigella infections and unspecified gas-
troenteritis/diarrhea (Table 2). Across 
the services, members of the Army and 
Air Force had higher rates of all 5 types 
of acute GI infections and unspecified 
gastroenteritis/diarrhea compared with 
members of the other services. Marine 
Corps members had the lowest overall 
rates of Campylobacter, Shigella, and nor-
ovirus infections as well as the lowest rate 
of unspecified gastroenteritis/diarrhea. 
With the exception of Campylobacter and 
Shigella infections, recruits had higher 
overall incidence rates compared with 
nonrecruits. Service members in health-
care occupations had the highest overall 
rates of all types of GI infections, except 
for norovirus, compared with those work-
ing in other military occupations.

Over the course of the 10-year sur-
veillance period, crude annual incidence 
rates of E. coli infections and unspeci-
fied gastroenteritis/diarrhea increased 
by 89.6% and 54.8%, respectively. Crude 
annual rates of Campylobacter infec-
tions increased from 2010 through 2017 
(82.6%) and then were relatively stable for 
the remainder of the surveillance period. 
Crude annual rates of norovirus infections 

T A B L E  1 .  ICD-9 and ICD-10 diagnostic codes used to identify cases of GI infection and 
unspecified gastroenteritis/diarrhea

Type of GI infection ICD-9a ICD-10a

Campylobacter enteritis 008.43 A04.5

Nontyphoidal Salmonella enteritis 003.0 A02.0

Shigella enteritis 004.* A03.*

Escherichia coli enteritis 008.0* A04.0, A04.1, A04.2, A04.3, 
A04.4

Norovirus enteritis 008.63 A08.11

Unspecified gastroenteritis/diarrhea 009, 009.0, 009.1, 009.2, 
009.3, 787.91

A09, R19.7

aAn asterisk (*) indicates that any subsequent digit/character is included.
ICD, International Classification of Diseases; GI, gastrointestinal.
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T A B L E  2 .  Incident cases and incidence rates of GI infections by type of infection, active component, U.S. Armed Forces, 2010–2019

Campylobacter Salmonella Shigella Escherichia coli Norovirus Unspecified gastro-
enteritis/diarrhea

No. Rateᵃ No. Rateᵃ No. Rateᵃ No. Rateᵃ No. Rateᵃ No. Rateᵃ

Total 2,241 17.6 1,616 12.7 406 3.2 952 7.5 1,379 10.8 527,357 4,135.1

Sex

Male 1,860 17.3 1,345 12.5 308 2.9 796 7.4 1,135 10.5 395,152 3,672.3

Female 381 19.1 271 13.6 98 4.9 156 7.8 244 12.2 132,205 6,634.4

Age group (years)

<20 55 6.3 95 10.8 7 0.8 44 5.0 143 16.3 39,381 4,495.7

20–24 576 14.3 539 13.3 85 2.1 210 5.2 532 13.2 193,631 4,794.3

25–29 627 20.7 407 13.4 98 3.2 232 7.7 324 10.7 134,556 4,446.4

30–34 380 18.8 258 12.8 96 4.8 190 9.4 200 9.9 75,546 3,738.3

35–39 269 18.4 168 11.5 80 5.5 128 8.8 103 7.1 47,063 3,224.2

40–44 190 22.5 98 11.6 27 3.2 77 9.1 47 5.6 24,314 2,880.9

45–49 97 27.3 33 9.3 9 2.5 45 12.7 22 6.2 9,429 2,652.6

50+ 47 35.6 18 13.6 4 3.0 26 19.7 8 6.1 3,437 2,600.4

Race/ethnicity group

Non-Hispanic white 1,393 18.6 1,081 14.4 212 2.8 590 7.9 845 11.3 301,442 4,023.4

Non-Hispanic black 258 12.5 191 9.3 91 4.4 144 7.0 185 9.0 102,504 4,984.1

Hispanic 327 18.4 194 10.9 69 3.9 124 7.0 206 11.6 73,868 4,147.2

Other/unknown 263 18.5 150 10.5 34 2.4 94 6.6 143 10.0 49,543 3,481.3

Service

Army 910 19.4 651 13.9 188 4.0 464 9.9 601 12.8 239,958 5,108.5

Navy 471 14.8 278 8.8 79 2.5 151 4.8 271 8.5 95,003 2,992.8

Air Force 735 24.0 454 14.8 115 3.8 240 7.8 365 11.9 142,109 4,634.0

Marine Corps 125 6.9 233 12.8 24 1.3 97 5.3 142 7.8 50,287 2,770.8

Rank/grade

Junior enlisted (E00–E04) 719 12.9 702 12.6 110 2.0 326 5.9 756 13.6 286,532 5,153.6

Senior enlisted (E05–E09) 964 19.4 593 11.9 194 3.9 401 8.1 482 9.7 185,870 3,733.0

Junior officer (O01–O04) 402 24.4 254 15.4 78 4.7 156 9.5 116 7.0 42,895 2,603.0

Senior officer (O05–O10) 119 30.5 42 10.8 13 3.3 53 13.6 16 4.1 7,451 1,910.9

Warrant officer (W01–W05) 37 21.0 25 14.2 11 6.2 16 9.1 9 5.1 4,609 2,613.5

Status

Recruit 14 4.4 53 16.6 1 0.3 32 10.0 107 33.6 13,659 4,287.3

Non-Recruit 2,227 17.9 1,563 12.6 405 3.3 920 7.4 1,272 10.2 513,698 4,131.2

Military occupation

Combat-specificb 241 13.6 217 12.2 40 2.3 130 7.3 167 9.4 50,959 2,867.5

Motor transport 38 10.2 45 12.1 2 0.5 20 5.4 52 14.0 17,395 4,671.3

Pilot/air crew 115 24.6 69 14.8 19 4.1 33 7.1 28 6.0 10,594 2,266.5

Repair/engineering 548 14.6 418 11.1 97 2.6 233 6.2 323 8.6 146,280 3,898.1

Communications/intelligence 549 19.9 368 13.3 101 3.7 207 7.5 289 10.5 131,643 4,762.3

Healthcare 319 28.0 172 15.1 76 6.7 107 9.4 147 12.9 63,253 5,554.2

Other/unknown 431 17.4 327 13.2 71 2.9 222 8.9 373 15.0 107,233 4,323.0

ᵃIncidence rate per 100,000 person-years.
bInfantry/artillery/armor/combat engineering.
GI, gastrointestinal.
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decreased from 11.1 per 100,000 p-yrs in 
2010 to a low of 3.5 per 100,000 p-yrs in 
2014, after which rates increased steadily 
to a peak of 24.5 per 100,000 p-yrs in 
2019. Annual rates of Salmonella infec-
tions fluctuated between a low of 10.4 per 
100,000 p-yrs in 2010 and a high of 16.0 
per 100,000 p-yrs in 2016. Annual rates 
of Shigella infections were relatively sta-
ble during the 10-year period and, with 
the exception of 2015, were consistently 
lower than the rates of the other types of 
GI infections (Figure 1). 

Between 2010 and 2019, the highest 
percentages of cases of infection by the 
bacterial pathogens of interest tended to 
be diagnosed and/or reported during the 
warmer months in the Northern Hemi-
sphere (Figures 2a–2d). The most pro-
nounced seasonal patterns were seen for 
cases of Campylobacter and Salmonella 
infections; the highest percentages of 
total Campylobacter cases were diagnosed 
from May through August (Figure 2a) and 
the majority of total Salmonella infection 

cases were diagnosed between June and 
October (60.6%) (Figure 2b). Unlike cases 
of infection by these bacterial pathogens, 
the majority of total norovirus infection 
cases were diagnosed during November–
March (60.8%), with the highest percent-
age of total cases in March (Figure 2e). The 
highest percentage of unspecified gastro-
enteritis/diarrhea cases was diagnosed in 
March (10.2%); however, the distribution 
of monthly percentages for unspecified 
gastroenteritis/diarrhea showed the least 
variation compared to those of the other 
5 types of GI infection (Figure 2f). 

During the 10-year surveillance 
period, there were 11 diagnosed cases of 
Campylobacter infections, 56 of Salmo-
nella infections, 11 of Shigella infections, 
43 of E. coli infections, and 29 of noro-
virus infections among deployed active 
component service members (data not 
shown). The paucity of cases precluded 
any attempts to identify demographic 
patterns of infection during deployment. 
A total of 20,377 cases of unspecified 

gastroenteritis/diarrhea were diagnosed 
during the surveillance period among 
deployed active component service mem-
bers for a crude overall incidence rate of 
3,062.9 per 100,000 deployed p-yrs. Com-
pared to their respective counterparts, 
females, those aged 50 years or older, 
non-Hispanic blacks, Air Force members, 
and commissioned officers had higher 
overall rates of unspecified gastroenteri-
tis/diarrhea. Deployed active component 
service members in other/unknown mili-
tary occupations, communications/intel-
ligence, and healthcare had higher overall 
rates of unspecified gastroenteritis/diar-
rhea compared to those working in other 
occupations (Table 3). 

E D I T O R I A L  C O M M E N T

In the current analysis, the vast 
majority (98.8%) of cases identified dur-
ing 2010–2019 represented diagnoses of 

F I G U R E  1 .  Crude annual incidence rates of GI infections, by type of infection, active component, U.S. Armed Forces, 2010–2019

GI, gastrointestinal; Unspec., unspecified.
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unspecified gastroenteritis/diarrhea. The 
crude overall incidence rate of unspeci-
fied gastroenteritis/diarrhea was consid-
erably higher than the combined overall 
rates of GI infections attributable to the 5 
pathogens of interest. For acute GI infec-
tions with identified etiologies, the high-
est incidence rates were for Campylobacter 
infections, followed by Salmonella, E. coli, 
and Shigella. Crude annual incidence rates 
of all pathogen-specific acute GI infec-
tions except Shigella increased over the 
course of the 10-year surveillance period. 
Rates of norovirus infections rose by the 

highest percentage overall (119.9%), with 
the greatest slope of increase occurring 
between 2014 and 2019. Crude annual 
rates of unspecified gastroenteritis/diar-
rhea also increased during this period 
while rates of Shigella infections were rel-
atively stable.

Comparatively few diagnoses of the 
pathogen-specific acute GI infections of 
interest were ascertained from TMDS 
records of deployed service members’ 
healthcare encounters during the 10-year 
study period. While acute diarrheal ill-
ness is common in the deployed setting, 

many cases will not undergo laboratory 
testing. This can be due to the self-limited 
nature of the condition, potentially rapid 
resolution of cases as a result of effective 
treatment, or limited laboratory capabili-
ties in theater.12 

It is important to note that the inci-
dence rates reported here likely under-
estimate the true burden of acute GI 
infections and diarrheal disease in this 
population. To be counted as a case in 
this analysis, military personnel had to 
seek medical care and receive a diagno-
sis of acute GI infection or diarrhea, have 

F I G U R E  2 .  Cumulative percentage distributions of diagnoses and reported cases of GI infections and unspecified gastroenteritis/diarrhea, by type 
of infection and month of clinical presentation or diagnosis, active component, U.S. Armed Forces, 2010–2019 

Figure 2. Cumulative percentage distribution of diagnoses and reported cases of GI infections and unspecified 
gastroenteritis/diarrhea, by type of infection and month of clinical presentation or diagnosis, active component, U.S. Armed Forces,
2010–2019
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a positive laboratory result for 1 of the 
specified GI pathogens, or be reported as 
a case in the reportable medical event sys-
tem. However, many individuals with GI 
illnesses do not seek medical care for their 
illnesses. In a recent systematic review of 
traveler’s diarrhea (TD), incidence rates 
of TD were higher in studies that relied on 
self-report rather than on clinical diag-
nosis or reportable medical events.5 The 
same review reported that only 38% of 
individuals reporting diarrheal illnesses 
sought medical care.5 Another limitation 
of the current analysis is that many acute 
GI infections were not attributed to par-
ticular pathogens because of the lack of 
testing to determine specific etiologies. 
Finally, the laboratory data used in this 
analysis did not include laboratory tests 
conducted in the civilian purchased care 
system, so positive tests in that system are 
not reflected in this report. 

Despite the likely underascertain-
ment of total cases of pathogen-specific 
acute GI infection, the counts and rates 
of the types of infections reported here 
represent findings consistent with earlier 
MSMR analyses8–11 and the known epi-
demiology of these pathogens.13 Since no 
pattern of seasonality was observed for 
unspecified gastroenteritis/diarrhea, it 
is unclear whether these cases were pre-
dominantly caused by viral or bacterial 
pathogens. Given that unspecified gas-
troenteritis and diarrheal illnesses remain 
prevalent among military personnel and 
can significantly degrade service mem-
bers’ readiness for duty, increased diag-
nostic testing of nonspecific acute GI 
infections is warranted to further elu-
cidate which GI pathogens are the most 
prevalent in this population.
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T A B L E  3 .  Number of incident cases and 
incidence rates of unspecified gastro-
enteritis/diarrhea, active component 
service members during deployment, 
2010–2019

Characteristic
Unspecified gastro-

enteritis/diarrhea
No. Rateᵃ

Total 20,377 3,062.9
Sex

Male 16,390 2,748.1
Female 3,987 5,788.6

Age group (years)
<20 381 2,331.2
20–24 6,454 2,816.2
25–29 5,637 3,131.6
30–34 3,461 3,247.1
35–39 2,391 3,264.9
40–44 1,377 3,387.8
45–49 519 3,490.0
50+ 157 3,550.1

Race/ethnicity group
Non-Hispanic white 13,019 3,062.8
Non-Hispanic black 3,409 3,357.9
Hispanic 2,396 2,924.9
Other/unknown 1,553 2,735.1

Service
Army 11,328 3,006.5
Navy 683 1,585.1
Air Force 7,541 4,949.0
Marine Corps 825 886.7

Rank/grade
Junior enlisted (E00–
E04) 8,579 2,967.4

Senior enlisted (E05–
E09) 7,463 2,903.0

Junior officer (O01–
O04) 3,342 3,725.5

Senior officer (O05–
O10) 616 3,743.8

Warrant officer 
(W01–W05) 377 2,914.2

Military occupation
Combat-specificb 2,854 1,782.0
Motor transport 648 3,065.2
Pilot/air crew 1,016 3,091.9
Repair/engineering 5,213 3,106.9
Communications/
intelligence 5,455 3,635.5

Healthcare 1,444 3,613.1
Other/unknown 3,747 4,014.9

ᵃIncidence rate per 100,000 person-years.
bInfantry/artillery/armor/combat engineering.
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