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During 2007–2016, there were 1,753 diagnosed cases of Campylobacter intestinal infection among active component service members. The overall rate
for the period was 14.1 cases per 100,000 person-years (p-yrs), but the annual
incidence rates steadily increased from 7.6 cases per 100,000 p-yrs in 2007
to 22.1 cases per 100,000 p-yrs in 2016. Overall rates were higher in females,
those aged 45 years or older, members of the Air Force and Army, officers,
and those in military healthcare occupations. Incidence rates were lowest
among service members who were recruit trainees, younger than 20 years of
age, non-Hispanic blacks, and Marines. For the entire 10-year surveillance
period, more cases were diagnosed in the warmer months of the year. Only
eight cases were diagnosed in deployment settings during the 10-year period.
Discussion of the recognized risk factors for Campylobacter infections
reviewed the hazards of undercooked meats (especially poultry), unpasteurized milk, and untreated surface water in the environment. The limitations of
the study methodology were described.

of Campylobacter and Salmonella infections are higher than rates for other identified bacterial pathogens. Recent MSMR
studies have indicated that the annual incidence rates for diagnoses of Campylobacter
infections among active component service members have steadily increased since
2007 and have exceeded those of nontyphoidal Salmonella infections in the most
recent years studied, 2012 and 2013.8,9
This report documents the incidence
of diagnoses of Campylobacter intestinal
infections in active component service
members during the 10-year period 2007–
2016. Other reports in this issue of the
MSMR describe the incidence of diagnoses
of the other leading causes of gastrointestinal infections during the same period.

METHODS

T

he bacterial genus Campylobacter
includes at least a half-dozen species
that have been well documented to
cause illness in humans.1 Campylobacter
jejuni is the species most commonly associated with gastrointestinal infections that
are characterized by fever, diarrhea, and
abdominal pain, although systemic spread
of the bacterium may affect other organ
systems. The species C. coli and C. fetus
are better known for their association with
extra-intestinal disease, but they may produce typical gastroenteritis. Campylobacter species, predominantly C. jejuni, are
among the most common causes of symptomatic intestinal infections in the U.S. and
around the world. Humans acquire these
infections most often by ingesting contaminated food or water. The principal reservoirs of Campylobacter are cattle, sheep,
pigs, goats, dogs, cats, and birds, especially
poultry. Animals who acquire the infection
early in life may become lifelong carriers of
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the organism and may serve as continuing
sources of contamination of soil and water
through their feces. Although the bacteria
are located in the animals’ intestinal tracts,
the production of meat for human consumption often results in contamination
of the meat by intestinal organisms. In particular, chicken and turkey meat should be
presumed to be contaminated by Campylobacter and other enteric pathogens. Cases
and outbreaks of campylobacteriosis have
also been associated with consumption
of untreated surface waters (rivers, lakes),
contaminated community water supplies,
and unpasteurized milk.1-7
In the U.S., Campylobacter and Salmonella species and Clostridium perfringens
are the most commonly identified bacterial
causes of foodborne illness.2 Among active
component service members of the U.S.
Armed Forces diagnosed with gastrointestinal infections due to specific bacterial
pathogens, the incidence rates of diagnoses

The surveillance period was 1 January
2007 through 31 December 2016. The surveillance population consisted of all active
component service members of the U.S.
Armed Forces who served at any time during the 10-year surveillance period. Diagnoses of Campylobacter infection were
ascertained from records of reports of notifiable medical events and from administrative records of all medical encounters
of individuals who received care in fixed
(i.e., not deployed or at sea) medical facilities of the MHS or civilian facilities in the
purchased care system. All such records
are maintained in the electronic database
of the Defense Medical Surveillance System (DMSS). In addition, cases were ascertained from Navy and Marine Corps Public
Health Center (NMCPHC) records of laboratory identification of Campylobacter in
stool or rectal samples tested in laboratories of the MHS. Because laboratory results
had not been used in the previous report on
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the incidence of Campylobacter infections,
the contribution of laboratory results to the
final case counts was determined.
For surveillance purposes, an incident case of Campylobacter infection was
defined as a service member associated with
any one of the following: 1) a laboratoryconfirmed identification of Campylobacter
in a stool or rectal sample, 2) a reportable
medical event record of “confirmed” Campylobacter infection, 3) a single hospitalization with any of the defining diagnoses
for Campylobacter in any diagnostic position (ICD-9: 008.43; ICD-10: A04.5), or 4)
a single outpatient encounter with any of
the defining diagnoses for Campylobacter
in any diagnostic position. An individual
could be considered a case once every 180
days. The incidence date was considered
the date of the earliest rectal or fecal sample
that was confirmed positive for Campylobacter, the date documented in a reportable medical event report, or the date of the
first hospitalization or outpatient medical
encounter that included the defining diagnosis of Campylobacter. Incidence rates
were calculated as the number of cases per
100,000 person-years (p-yrs).
Campylobacter infections occurring during deployments (e.g., to Southwest Asia, Haiti) were analyzed separately.
These cases were identified from the medical records of deployed service members
whose healthcare encounters were documented in the Theater Medical Data Store
(TMDS). TMDS data were available from
2008 through 2016 (9 years). An incident
case during deployment was based on a
single medical encounter with a diagnosis of Campylobacter infection recorded in
TMDS that occurred between the start and
end dates of a service member’s deployment record.
R E SULT S

During the surveillance period of
2007–2016, there were 1,753 diagnosed
cases of Campylobacter infections among
active component service members.
Approximately one-fourth (n=455, 26%) of
all cases would not have been identified as
such if the positive laboratory confirmation
June 2017 Vol. 24 No. 6 MSMR

data from NMCPHC had not been
included in the case definition. The overall
incidence rate was 14.1 cases per 100,000
p-yrs. The total numbers of cases, overall
incidence rates, and distribution by various demographic characteristics are shown
in the Table. Compared to their respective
counterparts, overall rates were higher in
females, those aged 45 years or older, members of the Air Force and Army, officers,
and those in military healthcare occupations. Incidence rates were lowest among
service members who were recruit trainees,
younger than 20 years of age, non-Hispanic
blacks, and Marines (Table).
Annual numbers of diagnosed cases
and annual incidence rates of Campylobacter infections increased during the
10-year surveillance period (Figure 1). The
2016 incidence rate for all active component service members (22.1 cases per
100,000 p-yrs) was the highest of the period
and was nearly three times the 2007 rate
(7.6 per 100,000 p-yrs). Among the demographic categories shown in the Table, the
only subcategories for which the rates did
not greatly increase during the surveillance
period were service members who were
younger than 20 years of age, recruit trainees, and those whose military occupational
category was armor/motor transport. For
the latter, annual rates actually declined
during the period (data not shown).
Among the 1,753 diagnosed cases of
Campylobacter infection during the 10-year
period, the distribution of cases by calendar
month was examined to assess seasonality.
Although at least 100 cases were identified
in each of the 12 calendar months for the
whole period, April–September had the
highest numbers of cases (n=1,035; 59.0%
of all cases) and October–March had the
lowest counts of cases (n=718; 41.0%)
(Figure 2).
When the 242 medical facilities associated with diagnoses of Campylobacter
infection were aggregated by geographic
location (foreign country or state), six
countries accounted for 28.5% of cases
and 11 states were associated with another
55.1% of all cases (data not shown). Locations associated with 5% or more of the
total number of cases (n=1,753) were the
countries of Germany (181 cases) and
South Korea (109), and the states of Hawaii

TA B L E . Incident cases and incidence rates
of Campylobacter infection, active component, U.S. Armed Forces, 2007–2016
Total
2007–2016
Total

No.

Ratea

1,753

14.1

1,451

13.8

302

16.1

36

4.3

Sex
Male
Female
Age group
<20
20–24

464

11.8

25–29

517

17.6

30–34

269

14.0

35–39

217

14.9

40–44

139

15.9

45–49

69

19.8

50+

42

33.4

Non-Hispanic white

1,133

15.0

Non-Hispanic black

194

9.7

Hispanic

224

14.5

Other/unknown

202

15.3

Army

714

15.7

Navy

388

12.9

Air Force

542

17.6

Marine Corps

109

6.1

Junior enlisted (E1–E4)

595

11.1

Senior enlisted (E5–E9)

707

14.4

Junior officer (O1–O4)

320

20.3

Senior officer (O5–O10)

96

24.6

Warrant officer (WO1–WO5)

35

21.1

Race/ethnicity

Service

Rank/grade

Status
Recruit
Nonrecruit

8

3.1

1,745

14.4

175

10.7

Military occupation
Combat-specific

a

Armor/motor transport

41

9.2

Pilot/air crew

90

19.3

Repair/engineering

434

12.0

Communications/
intelligence

419

15.3

Health care

265

23.8

Other

329

13.7

Rate per 100,000 person-years
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F I G U R E 1 . Annual numbers of incident cases and incidence rates of Campylobacter infection,

active component, U.S. Armed Forces, 2007–2016
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F I G U R E 2 . Cumulative numbers of incident cases of Campylobacter infection, by calendar
month, active component, U.S. Armed Forces, 2007–2016
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(203), Florida (149), North Carolina (144),
Texas (111), and California (111).
The separate analysis of diagnoses of
Campylobacter infections among deployed
members of the active component identified only eight cases during the 9-year
surveillance period. Four cases were documented in TMDS in 2008, two in 2011,
and one each in 2014 and 2016. The paucity
of cases precluded any attempt to identify
demographic patterns of infection occurring during deployment.
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EDITORIAL COMMENT

This analysis documented that the
annual incidence rates of diagnoses of Campylobacter infections among active component service members have been steadily
increasing from 2007 through 2016. This
finding confirms the results of the 2014
MSMR report that indicated that the annual
incidence rates had begun to increase after
2007, before which the rates had been slowly

declining.8 The rate for 2016 (22.1 cases per
100,000 p-yrs) was the highest in the past
decade.
With respect to the demographic patterns of cases, the findings of this analysis
are similar to the earlier study. Higher rates
of Campylobacter infections were associated
with female gender, the older age groups,
service in the Air Force and Army, and
officer ranks. As before, rates among nonHispanic blacks were notably lower when
compared to rates among service members
of other racial/ethnic groups.
Other findings that replicated those of
the earlier study pertain to seasonality of
diagnoses of Campylobacter infection and
the relatively high numbers of cases diagnosed in the state of Hawaii. The numbers
of cases diagnosed during the warmer part
of the year—at least in the northern hemisphere—were clearly higher than during
the colder months. This observation has
been made by others, but the reasons for the
increased summer incidence are unclear.1 As
noted in the 2014 MSMR report, Hawaii has
been reported to have the highest incidence
rates of Campylobacter infections in the U.S.8
There are hypotheses suggesting reasons for
the increased incidence in Hawaii, but clear
evidence is lacking.
The use of TMDS records of deployed
service members’ healthcare encounters
uncovered few diagnoses of Campylobacter
infections. It is unclear whether the risks of
acquiring such infections differ much from
the risks in nondeployed settings. It is plausible that the limitations of medical laboratory support in the austere environment of
the theater of combat operations simply precluded the identification of Campylobacter.
Although this analysis documents a
trend since 2007 of increasing rates of diagnoses of Campylobacter intestinal infections
among active component service members,
the results should be interpreted in the context of several considerations. It should be
noted that the annual rates in this report are
higher than those found in the 2014 MSMR
article.8 The principal reason for the difference is that this update was able to ascertain cases from not only electronic records
of diagnoses and reportable medical events
but also the laboratory results provided by
the NMCPHC. The latter were not available
in 2014.
In this report, the numbers of cases
and the incidence rates should be regarded
MSMR Vol. 24 No. 6 June 2017

as underestimates of the true incidence of
Campylobacter infections in the population
of active component service members. First,
not all affected service members seek care
for episodes of acute gastroenteritis. Second,
some cases may not be tested for Campylobacter infection. Third, even when stool or
rectal specimens are collected, the sensitivity of the laboratory testing for Campylobacter may vary according to the type of
test (culture vs. culture-independent diagnostic tests) and the laboratory performing
the test.10 Last, results of laboratory tests performed in the civilian purchased care system
are not available to the NMCPHC, so positive tests in that system are not reflected in
this report. Unless the diagnosis of Campylobacter infection was documented in the
purchased care record for a service member, the fact of a positive laboratory test in
the purchased care network would not result
in that case being identified in this analysis.
It should be noted that the ICD-9 and
ICD-10 codes used to ascertain cases refer
only to Campylobacter intestinal infections
irrespective of the species. Similarly, the
NMCPHC laboratory data do not provide
species identification. However, the laboratory results were restricted to specimens of
stool or rectal swabs, and instances of finding Campylobacter bacteria in other bodily
fluids (e.g., blood, urine) were not counted
as cases if no other criteria of the case definition were met. This analysis was unable to
determine the extent to which cases of Campylobacter infection were sporadic in occurrence or were associated with outbreaks.
The Centers for Disease Control and
Prevention (CDC) has noted that ongoing efforts to reduce the incidence of foodborne diseases, including those caused by
Campylobacter bacteria, must be enhanced
to meet the national target levels of Healthy
People 2020.10 Much of the emphasis has
been placed on regulating and monitoring the poultry industry in the U.S. as well
as imported foods. It is estimated that more
than half of sporadic cases of Campylobacter
infections are attributable to consumption of
undercooked poultry in developed nations
such as the U.S.1
The findings of this analysis are not
directly comparable to CDC surveillance
data for the U.S. population. The active
component military population comprises
young and middle-aged adults but not children. Campylobacter infections in the U.S.
June 2017 Vol. 24 No. 6 MSMR

civilian population are most common in
children younger than 5 years old.1 It should
be noted that a portion of the 2014 MSMR
report on Campylobacter infections included
counts of cases in the nonmilitary beneficiary population of the MHS.8 The data in
that report showed that the largest numbers
of cases were diagnosed in children younger
than 5 years of age and in adults aged 75
years or older. Rates were not presented in
that report. It is of interest that the counts
of cases among the nonmilitary beneficiaries during the surveillance period (2000–
2013) showed steady increases after 2009.
The case count in 2013 was more than twice
that of 2009. That trend is comparable to the
increases among active component service
members described in this report.
For the individual who seeks to avoid
disease due to Campylobacter and other
enteric pathogens, several reminders of risk
factors are mentioned here. Meat of all types
(but especially chicken and turkey) should
be cleaned and thoroughly cooked before
consumption. Food preparation surfaces
and equipment (e.g., knives) used on possibly contaminated meats should be cleaned
before they are used for other menu items
not destined to be cooked (e.g., salads).1
Another prevalent risk factor for Campylobacter infections is consumption of unpasteurized milk. Numerous outbreaks in
this country have been reported, and have
especially been associated with dairies in
states that permit the sale of unpasteurized
milk.6,7,11 Lastly, drinking surface water (e.g.,
mountain streams, waterfalls, lakes) should
be avoided unless steps are taken to disinfect
the water before ingestion.4,12 The bacterial
hazards in surface water are due to its contamination by the feces of livestock, poultry,
or wild birds.
A surveillance snapshot on page 26 of
this issue of the MSMR provides context for
the findings of this analysis. The snapshot
compares the incidence rates of Campylobacter gastrointestinal infections with the
incidence rates of the other common gastrointestinal pathogens among active component service members.13
Acknowledgment: The authors thank the
NMCPHC, Portsmouth, VA, for providing
data on laboratory-confirmed cases of Campylobacter infection.
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Incidence of Nontyphoidal Salmonella Intestinal Infections, Active Component,
U.S. Armed Forces, 2007–2016
Valerie F. Williams, MA, MS; Shauna Stahlman, PhD, MPH; Gi-Taik Oh, MS

During 2007–2016, there were 1,536 incident cases of nontyphoidal
Salmonella infection among active component service members, with
an overall crude incidence rate of 12.4 cases per 100,000 person-years
(p-yrs). The overall rate for the period was higher among female service members than males. Service members aged 50 years or older
and those aged 25–29 years had the highest rates of nontyphoidal Salmonella infection. Compared to their respective counterparts, overall
rates were highest among non-Hispanic white service members, members of the Air Force, junior officers, recruits, and service members
in healthcare occupations. Annual incidence rates were relatively stable during the first 9 years of the surveillance period. Rates peaked in
2016 at 15.9 cases per 100,000 p-yrs. The monthly distribution of the
cumulative number of cases during the period showed a pattern of seasonality with a summer peak and the largest number of infections in
July. During 2008–2016, a total of 132 cases were diagnosed in deployment settings, with an overall crude incidence rate of 12.6 cases per
100,000 p-yrs. Standard measures for the prevention of salmonellosis
are reviewed.

S

almonella is a group of gram-negative
bacteria that cause a wide spectrum
of disease in a range of mammalian
hosts. In humans, they cause a number of
characteristic clinical infections, including gastroenteritis, enteric fever (caused by
typhoid and paratyphoid serotypes), bacteremia, focal metastatic infections (e.g.,
osteomyelitis, abscess), and an asymptomatic chronic carrier state.1 The genus Salmonella consists of two species, S. enterica and
S. bongori; the former is the species most
often associated with human disease.2,3
Most clinically important salmonellae are
formally classified within a single subspecies, S. enterica, subspecies enterica.2,3 Salmonella serotypes other than S. typhi and S.
paratyphi are collectively known as nontyphoidal salmonellae. In the U.S., S. enterica
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serotypes Enteritidis (17%), Newport
(11%), and Typhimurium (9%) account for
more than one-third of the human isolates
from nontyphoidal Salmonella infection.4
Nontyphoidal salmonellae are a leading cause of foodborne illness in the U.S.5
Although Salmonella has been superseded
by norovirus as the leading cause of foodborne outbreaks and illness in the U.S.,
nontyphoidal salmonellae are still responsible for the largest numbers of hospitalizations and deaths.6-8 Among members of
the active component of the U.S. Armed
Forces, nontyphoidal Salmonella is a top
cause of acute gastrointestinal illness.9,10
Gastroenteritis is the most common
clinical presentation of nontyphoidal Salmonella infection. Gastroenteritis due
to nontyphoidal salmonellae is typically

self-limiting and is usually characterized
by acute onset of fever, abdominal pain/
cramping, diarrhea, nausea, and sometimes
vomiting.11 The organism is spread primarily via contaminated food products, but it
can also be transmitted through animal
contact (e.g., turtles, frogs, lizards, chickens). In developed countries, the main reservoir of nontyphoidal Salmonella is the
intestinal tract of food-producing animals,
and this widespread distribution readily
leads to contamination of a broad range
of food products.12-14 Therefore, foods of
animal origin, particularly contaminated
poultry products (eggs and poultry meat),
have been considered major vehicles of
nontyphoidal Salmonella infection.5,13-16
Contaminated water, milk, milk products,
beef, fruit, and vegetables are also common
sources of infection.17 Recently, multistate
human outbreaks have been associated
with contaminated alfalfa sprouts and
cucumbers.18-20
Antimicrobial resistance in nontyphoidal Salmonella has been increasing
both in the U.S. and worldwide. The incidence of clinically important antimicrobial
drug–resistant Salmonella infections (culture-confirmed) in the U.S. between 2004
and 2012 was estimated at 2 per 100,000
person-years (p-yrs).21 Antimicrobial resistance was found in approximately 12% of
the nontyphoidal isolates overall.21 In 2014,
approximately 4% of nontyphoidal Salmonella isolates in the U.S. were resistant to
five or more antimicrobial agents.22 Antimicrobial resistance in foodborne human
pathogens is thought to be due, in part,
to antibiotic overuse and development of
resistance by organisms in animals.23 A
recent study that linked outbreaks reported
to the U.S. Foodborne Disease Outbreak
Surveillance System between 2003 and 2012
to isolate susceptibility data in the National
Antimicrobial Resistance Monitoring System found that resistant nontyphoidal
MSMR Vol. 24 No. 6 June 2017

Salmonella infections were more common
in outbreaks attributed to foods from land
animals than outbreaks linked to food from
plants or aquatic animals.24
This report summarizes the counts,
rates, and trends of nontyphoidal Salmonella infections in active component service members over the past 10 years.

METHODS

The surveillance period was 1 January 2007 through 31 December 2016. The
surveillance population consisted of all
active component service members of the
U.S. Armed Forces who served at any time
during the surveillance period. Diagnoses
of nontyphoidal Salmonella infection were
derived from records of reports of notifiable medical events and from administrative records of all medical encounters of
individuals who received care in fixed (i.e.,
not deployed or at sea) medical facilities of
the Military Health System (MHS) or civilian facilities in the purchased care system.
All such records are maintained in the electronic databases of the Defense Medical
Surveillance System (DMSS). In addition,
laboratory-confirmed cases of nontyphoidal Salmonella infection were identified
from Navy and Marine Corps Public Health
Center (NMCPHC) records of tested stool
or rectal samples. Because laboratory
results were not used in the previous report
on the incidence of Salmonella infections,
the contribution of laboratory results to the
final case counts was determined.
For surveillance purposes, an incident
case of nontyphoidal Salmonella infection
was defined as a service member having
any one of the following: 1) a laboratoryconfirmed identification of nontyphoidal
Salmonella in a stool or rectal sample, 2)
a reportable medical event (RME) record
of “confirmed” nontyphoidal Salmonella
infection, 3) a single hospitalization with
any of the defining diagnoses for nontyphoidal Salmonella in any diagnostic position (ICD-9: 003.0, 003.1, 003.2, 003.20,
003.29, 003.8, 003.9; ICD-10: A02.0, A02.1,
A02.2, A02.20, A02.29, A02.8, A02.9), or
4) a single outpatient encounter with any
of the defining diagnoses for nontyphoidal
June 2017 Vol. 24 No. 6 MSMR

Salmonella in any diagnostic position. An
individual could be considered a case once
every 180 days. The incidence date was
considered the first sample collection date
for a laboratory-confirmed positive rectal
or fecal sample, the date documented in an
RME report, or the first hospitalization or
outpatient medical encounter that included
the defining diagnosis of nontyphoidal Salmonella. Incidence rates were calculated as
the number of cases per 100,000 p-yrs.
Nontyphoidal Salmonella infections
that occurred during deployments (e.g., to
Southwest Asia, Haiti) were analyzed separately. These cases were identified from the
medical records of deployed service members that are documented in the Theater
Medical Data Store (TMDS). TMDS data
were available from 2008 to 2016. To qualify as an incident case during deployment,
an individual needed a single medical
encounter with a diagnosis of nontyphoidal Salmonella infection in TMDS that
occurred between the start and end dates
of a deployment.
R E SULT S

During the 10-year surveillance
period, there were 1,536 incident cases of
nontyphoidal Salmonella infection among
active component service members, with
an overall crude incidence rate of 12.4 cases
per 100,000 p-yrs (Table). Of the total count
of cases, 313 cases (20.4%) were based on
laboratory results alone. The overall incidence rate of nontyphoidal salmonellosis
was higher among female service members
than males (15.0 cases per 100,000 p-yrs
and 11.9 cases per 100,000 p-yrs, respectively). Across age groups, service members
aged 50 years or older and those aged 25–29
years had the highest rates of nontyphoidal
Salmonella infection. Compared to their
respective counterparts, members of the
Air Force, junior officers, and recruits had
the highest rates of nontyphoidal salmonellosis (Table). Crude overall incidence rates
were highest among non-Hispanic white
service members and lowest among nonHispanic black service members (13.8 cases
per 100,000 p-yrs and 9.5 cases per 100,000
p-yrs, respectively). Service members in

TA B L E . Incident cases and incidence
rates of nontyphoidal Salmonella infection, active component, U.S. Armed
Forces, 2007–2016
Total
2007–2016
No.

Ratea

1,536

12.4

1,255

11.9

281

15.0

<20

100

12.0

20–24

511

13.0

25–29

415

14.1

30–34

210

11.0

35–39

150

10.3

40–44

105

12.0

45–49

28

8.0

50+

17

13.5

Non-Hispanic white

1,041

13.8

Non-Hispanic black

190

9.5

Hispanic

159

10.3

Other/unknown

146

11.1

Army

598

13.1

Navy

293

9.8

Air Force

417

13.5

Marine Corps

228

12.8

Junior enlisted (E1–E4)

688

12.8

Senior enlisted (E5–E9)

554

11.3

Junior officer (O1–O4)

Total
Sex
Male
Female
Age group

Race/ethnicity

Service

Rank/grade

226

14.3

Senior officer (O5–O10)

50

12.8

Warrant officer (WO1–WO5)

18

10.9

Status
Recruit
Nonrecruit

41

15.8

1,495

12.3

190

11.6

Military occupation
Combat-specific

a

Armor/motor transport

41

9.2

Pilot/air crew

59

12.6

Repair/engineering

402

11.1

Communications/
intelligence

340

12.4

Health care

187

16.8

Other

317

13.2

Rate per 100,000 person-years
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F I G U R E 1. Annual numbers of incident cases and incidence rates of nontyphoidal salmonellosis,
active component, U.S. Armed Forces, 2007–2016
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F I G U R E 2. Cumulative number of incident cases of nontyphoidal salmonellosis, by calendar
month, active component, U.S. Armed Forces, 2007–2016
250
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healthcare occupations had the highest
overall incidence rate of nontyphoidal salmonellosis, compared to service members
in other occupational groups (Table).
Annual incidence rates of nontyphoidal Salmonella infection were relatively
stable during the first 9 years of the surveillance period and ranged from 10.5 cases
per 100,000 p-years in 2010 to 13.9 cases
per 100,000 p-yrs in 2007. Rates peaked
in 2016 at 15.9 cases per 100,000 p-yrs (an
increase of 23.9% between 2015 and 2016)
(Figure 1).
Between 2008 and 2016, a total of
132 incident cases of nontyphoidal Salmonella infection were identified among
active component service members during deployment (e.g., to Southwest Asia,
Haiti), with an overall crude incidence
rate of 12.6 cases per 100,000 p-yrs (data
not shown). In the analysis of cases among
deployed members of the active component, many of the subgroup-specific incidence rates were based on small numbers
of cases (e.g., overall rate among Hispanic
service members was based on 10 cases;
overall rate among Marine Corps members was based on 10 cases). These small
group sizes did not allow for the identification of demographic patterns of nontyphoidal Salmonella infection that occurred
during deployment.
The monthly distribution of the cumulative number of incident cases of nontyphoidal Salmonella during the 10-year
surveillance period showed a pattern of seasonality with a summer peak and the largest
number of infections in July (n=218) (Figure
2). In 2016, 58.7% of nontyphoidal salmonellosis cases among U.S. active component
ser
vice members were diagnosed during
June–October.
During the 10-year surveillance period,
1,212 (81.4% of total cases with available
location information) diagnoses of nontyphoidal Salmonella infection were associated with U.S. facilities (data not shown).
Seven states accounted for almost twothirds (65.7%) of the cases associated with
U.S. locations and included North Carolina
(n=160; 13.2%), California (n=140; 11.6%),
Texas (n=126; 10.4%), Georgia (n=115;
9.5%), Florida (n=115; 9.5%), Virginia
(n=71; 5.9%), and Hawaii (n=68; 5.6%) (data
not shown). Facilities at 15 locations outside

150

100
75
50

0

Jan
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of the U.S. contributed 277 cases (18.6% of
total cases with available location information). Five countries accounted for 87.7% of
these cases and included Germany (n=87;
31.4%), Japan (n=76; 27.4%), South Korea
(n=41; 14.8%), Italy (n=24; 8.7%), and Spain
(n=15; 5.4%) (data not shown).
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EDITORIAL COMMENT

This report represents an update to
the January 2015 MSMR article on the
incidence of Salmonella infections among
active component service members from
MSMR Vol. 24 No. 6 June 2017

2000 through 2013.10 Since 2013, the annual
incidence rates of nontyphoidal Salmonella
infection have increased 29.2% with the
rate for 2016 (15.9 cases per 100,000 p-yrs)
the highest in the past decade.
The vast majority of cases of nontyphoidal Salmonella infection go undiagnosed.8 The Centers for Disease Control
and Prevention (CDC) estimated that as
many as 29 undetected infections occur
for every culture-confirmed case.8 For
2016, the CDC estimated incidence rates
of nontyphoidal Salmonella based on two
measures: numbers of confirmed (culturepositive) cases only; and numbers of positive culture-independent diagnostic tests
(CIDTs) that were not confirmed by culture. These two methods yielded incidence
rates of 15.4 cases per 100,000 persons and
16.7, respectively.4 Both of these estimates
are well above the national Healthy People 2020 incidence goal of 11.4 cases per
100,000 people. The CDC estimates that
additional efforts will be needed to reach
this target.25,26
Although the 2016 crude overall incidence rate for nontyphoidal Salmonella
infection among active component service members falls within the range of the
estimates for the general U.S. population,
the results are not directly comparable.
The active component military population comprises young and middle-aged
adults and includes a smaller proportion of
females than the general U.S. population.
Salmonellosis in the general U.S. population is most prevalent among children and
adolescents less than 15 years old.27 The
2015 MSMR report on Salmonella infections included counts of cases among other
beneficiaries (family members and retirees)
of the MHS.10 In the earlier report, the age
groups with the largest numbers of cases
were the youngest and the oldest (children
younger than 5 years old and adults aged 75
years or older).10
Many of the demographic patterns
of nontyphoidal salmonellosis during the
surveillance period are similar to those
reported in 2015. As in the earlier report,
crude overall incidence rates of nontyphoidal Salmonella infections were higher
among female service members, nonHispanic whites, those aged 25–29 years,
and junior officers. Examination of the
June 2017 Vol. 24 No. 6 MSMR

numbers of cases and incidence rates by
occupational group in the current analysis
showed that service members in healthcare
occupations had the highest overall incidence rate of nontyphoidal salmonellosis, compared to service members in other
occupational groups. State-level surveillance studies within the U.S. (MD, VA, OH)
have demonstrated that healthcare workers
are at increased risk of salmonellosis.28
Consistent with existing literature on
temporal patterns of nontyphoidal Salmonella infections in the U.S., results of the
current analysis showed a pattern of seasonality, with more cases diagnosed during the summer months than the winter
months.28-33 Higher temperatures in the
summer could boost proliferation and survival of nontyphoidal salmonellae, potentially increasing pathogen load in animal
reservoirs.30,34,35 However, studies of temporal patterns in the occurrence of nontyphoidal Salmonella in livestock, raw meat,
and poultry products and their relationship
to human illnesses in the U.S. and Canada indicate that the seasonal increase in
human cases precedes the seasonal increase
in meat and poultry products.30,34 Such
results suggest that, even though contaminated meat and poultry products may be
key vehicles of nontyphoidal Salmonella for
humans, seasonal variations in the levels
of animal infections are not necessarily the
primary driver of the seasonality in human
nontyphoidal salmonellosis.32,36 For a predominantly foodborne illness such as salmonellosis, higher temperatures and their
association with certain human activities
(e.g., summer barbecuing) could enhance
opportunities for food handling errors
that contribute to seasonal enteric disease
outbreaks.29,36
Review of TMDS records of deployed
service members’ medical encounters identified a total of 132 incident cases of nontyphoidal Salmonella infection. It is possible
that the risks of infection in deployed settings differ from the risks in nondeployed
settings and/or that the level of medical
laboratory support during operations in
austere environments may have limited the
identification of nontyphoidal Salmonella.
This analysis has certain limitations
that should be considered when interpreting the results. First, it should be noted that

the annual rates presented in this report
for 2007–2013 are slightly higher than
those presented in the 2015 MSMR article.10 This difference is primarily due to the
fact that the current analysis included cases
identified not just from RME records and
records of inpatient and outpatient medical
encounters but also from laboratory results
provided by the NMCPHC. Laboratory
results were not available for inclusion in
the 2015 analysis.
Although the case-finding approach
for this report was broad (administrative
data from medical encounters, RME system, laboratory data), the actual number of
cases of nontyphoidal salmonellosis during
the surveillance period among active component service members was undoubtedly
underestimated. Many individuals with
acute gastrointestinal illnesses do not seek
medical care and, of those who do seek care,
many are not tested to determine the etiologies. Even when samples are collected,
the sensitivity of the laboratory testing for
nontyphoidal Salmonella may vary according to the type of test (culture vs. CIDTs)
employed.4 In addition, because NMCPHC
does not have access to results of laboratory tests carried out in the civilian purchased care system, data on positive tests
in that system were not available for this
analysis. Finally, the diagnosis codes used
to identify cases refer only to nontyphoidal
Salmonella intestinal infections and do not
provide information on species identified.
The NMCPHC laboratory data also lacked
information on species identified. Based on
the data available for the current analysis,
it was not possible to determine the extent
to which cases of nontyphoidal Salmonella
infection were outbreak-associated or sporadic (nonoutbreak) illnesses.
Many foodborne Salmonella infections can be prevented through standard
measures (e.g., hand washing; thorough
cleaning of cooking surfaces and utensils;
appropriate storage and handling of food;
thorough cooking of poultry, ground beef,
and eggs). It is important to follow these
standard prevention measures, especially
during the summer months. Another common risk factor for salmonellosis is consumption of unpasteurized milk or other
raw dairy products. In addition, in the
U.S., outbreaks linked to contact with live
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poultry have increased in recent years as
more people maintain backyard flocks.37
These outbreaks are a reminder of the
importance of washing hands with soap
and water after handling pets (especially
reptiles and birds) and after contact with
pet feces.
Acknowledgment: The authors thank the
NMCPHC, Portsmouth, VA, for providing
data on laboratory-confirmed cases of nontyphoidal Salmonella infection.
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Incidence of Shigella Intestinal Infections, Active Component, U.S. Armed Forces,
2007–2016
Valerie F. Williams, MA, MS; Shauna Stahlman, PhD, MPH; Gi-Taik Oh, MS

During 2007–2016, there were 428 incident cases of Shigella infection among
active component service members, with an overall crude incidence rate of 3.4
cases per 100,000 person-years (p-yrs). Compared to their respective counterparts, overall incidence rates were highest among females, non-Hispanic black
service members, those aged 35–39 years, members of the Army, and those
in military healthcare occupations. With the exception of 2015, the annual
incidence rates of shigellosis from 2007 through 2016 were relatively stable.
The annual incidence rate in 2015 was twice that of the rate in 2014 (6.4 cases
per 100,000 p-yrs and 3.1 cases per 100,000 p-yrs, respectively). This peak was
followed by a decrease to 3.4 cases per 100,000 p-yrs in 2016. There was no
marked pattern of seasonality of Shigella infections during the 10-year surveillance period. During 2008–2016, a total of 23 cases of Shigella infection were
diagnosed in deployment settings. Risk factors for Shigella infection and standard measures for the prevention of shigellosis are reviewed.

D

iarrhea caused by bacteria of the
Shigella genus is a major cause of
morbidity and mortality worldwide, especially in developing countries.1
In the U.S., Shigella is the third most commonly isolated bacterial enteric pathogen.2
The genus Shigella includes four species:
S. dysenteriae, S. flexneri, S. boydii, and S.
sonnei.1 Most cases of shigellosis in the U.S.
are caused by S. sonnei followed by S. flexneri.3 Now rare, S. dysenteriae type 1 was
the most common isolate both in Europe
and the U.S. in the early 1900s.4 In the U.S,
S. dysenteriae type 1 infection is generally
limited to imported cases from Mexico and
Central America or from confined populations such as in refugee camps.4,5
Shigella organisms can survive passage through the stomach because they
are more resistant to acid than other bacteria.6,7 Because of their relative acid resistance, as few as 10–100 Shigella organisms
can produce disease.8,9 After passing into
the small intestine, Shigella bacteria multiply; large numbers of bacteria then pass
June 2017 Vol. 24 No. 6 MSMR

into the colon, where they colonize the
colonic mucosa.9 Shigella transmission is
through the fecal-oral route and can occur
via direct person-to-person contact or indirectly through contaminated food, water,
or fomites.3 An infected person can be the
source of infection for others from the time
of illness onset until Shigella bacteria are
no longer shed in the infected individual’s
feces.3 Humans are the primary reservoir of
Shigella species.10
Shigella gastroenteritis is generally
characterized by high fever, abdominal
cramps, and bloody, mucoid diarrhea (dysentery).10 The range of illness severity varies
depending on the serogroup of the infecting organism. S. sonnei commonly causes
mild disease with a relatively short clinical
course (5–7 days), which may be limited to
watery diarrhea, while S. dysenteriae type
1 or S. flexneri commonly cause dysenteric symptoms.2 Shigella species (particularly S. flexneri and S. sonnei) are among
the most common causes of diarrheal disease among adults and children who live

in the developing world as well as among
U.S. military personnel deployed to these
areas.11-15 Several large outbreaks of severe
gastroenteritis attributed to Shigella infection were reported among both American
and British military personnel during the
early phases of operations in Afghanistan
and Iraq.16-18
In the U.S. and other developed countries, shigellosis is most common among
children in daycare centers or elementary
schools and their caretakers and teachers.19
Secondary transmission has been estimated
to exceed 30% in households with young
children.20 Others at increased risk of Shigella intestinal infection include people
who have contact with recreational water,21
international travelers,22 and men who have
sex with men.23,24
The Centers for Disease Control and
Prevention (CDC) has estimated that
approximately 130,000 cases of shigellosis result from foodborne transmission in
the U.S. each year.25 Although recognized
outbreaks of foodborne shigellosis make a
relatively small contribution to the overall burden of shigellosis in the U.S., foodborne transmission is likely responsible
for many more sporadic cases that are not
detected by outbreak surveillance.25 It has
been estimated that one-third of sporadic
cases of shigellosis could be attributed
to foodborne exposure after eliminating exposure to other select risk factors.26
Foodborne shigellosis outbreaks have been
associated with many types of raw and
cooked foods including produce (e.g., lettuce-based salads) and commercially preprepared/pre-cooked products (e.g., salsa,
potato salad).27,28 Infected food handlers
and improper food-handling practices
have been frequently shown to contribute
to Shigella transmission. The broad range
of foods implicated suggests that handling and preparation practices contribute
to contamination across an array of food
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products.29 Because mixed transmission
(transmission by direct and indirect routes)
is likely in most shigellosis outbreaks, it can
be difficult to attribute Shigella transmission to specific foods or other vehicles.30
The increasing antimicrobial resistance of Shigella species is a major problem
in the treatment of Shigella gastroenteritis
both in the U.S. and globally.31 Among the
Shigella isolates tested by the National Antimicrobial Resistance Monitoring System
for Enteric Bacteria during 2014 (predominantly S. flexneri and S. sonnei), approximately 42% were resistant to three or more
antimicrobial classes.32
This report summarizes the counts,
rates, and trends of Shigella infections in
active component service members over
the past 10 years.

METHODS

The surveillance period was 1 January
2007 through 31 December 2016. The surveillance population consisted of all active
component service members of the U.S.
Armed Forces who served at any time during the surveillance period. Diagnoses of
Shigella infection were derived from records
of reports of notifiable medical events and
from administrative records of all medical encounters of individuals who received
care in fixed (i.e., not deployed or at sea)
medical facilities of the Military Health
System (MHS) or civilian facilities in the
purchased care system. All such records
are maintained in the electronic databases
of the Defense Medical Surveillance System
(DMSS). In addition, laboratory-confirmed
cases of Shigella infection were identified from Navy and Marine Corps Public Health Center (NMCPHC) records of
tested stool or rectal samples. Because laboratory results were not used in a previous
MSMR report on the incidence of gastrointestinal infections attributed to Shigella,
the contribution of laboratory results to the
final case counts was determined.14
For surveillance purposes, an incident
case of Shigella infection was defined as a
service member having any one of the following: 1) a laboratory-confirmed identification of Shigella in a stool or rectal sample;
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2) a reportable medical event (RME) record
of “confirmed” Shigella infection; 3) a single hospitalization with any of the defining diagnoses for Shigella in any diagnostic
position (ICD-9: 004.0–004.3, 004.8; ICD10: A03.0–A03.3, A03.8); or 4) a single outpatient encounter with any of the defining
diagnoses for Shigella in any diagnostic
position. An individual could be considered a case once every 180 days. The incidence date was considered the first sample
collection date for a laboratory-confirmed
positive rectal or fecal sample, the date
documented in an RME report, or the
first hospitalization or outpatient medical
encounter that included a defining diagnosis of Shigella. Incidence rates were calculated as the number of cases per 100,000
person-years (p-yrs).
Shigella infections that occurred during deployments (e.g., to Southwest Asia,
Haiti) were analyzed separately. These cases
were identified from the medical records of
deployed service members that are documented in the Theater Medical Data Store
(TMDS). TMDS data were available from
2008 through 2016. To qualify as an incident case during deployment, an individual needed a single medical encounter with
a diagnosis of Shigella infection in TMDS
that occurred between the start and end
dates of a deployment.

TA B L E . Incident cases and incidence
rates of Shigella infection, active component, U.S. Armed Forces, 2007–2016
Total
No.

Ratea

428

3.4

Male

324

3.1

Female

104

5.5

9

1.1

20–24

88

2.2

25–29

118

4.0

30–34

91

4.7

35–39

79

5.4

40–44

32

3.7

45–49

8

2.3

50+

3

2.4

Non-Hispanic white

229

3.0

Non-Hispanic black

103

5.1

Hispanic

58

3.8

Other/unknown

38

2.9

Army

193

4.2

Navy

88

2.9

121

3.9

26

1.5

Junior enlisted (E1–E4)

132

2.5

Senior enlisted (E5–E9)

197

4.0

Junior officer (O1–O4)

76

4.8

Senior officer (O5–O10)

14

3.6

9

5.4

Total
Sex

Age group
<20

Race/ethnicity

Service

Air Force
Marine Corps
Rank/grade

R E SULT S

During the 10-year surveillance period,
there were 428 incident cases of Shigella
infection among active component service
members, with an overall crude incidence
of 3.4 cases per 100,000 p-yrs (Table). Of the
total count of cases, 80 cases (18.7%) were
based on laboratory results alone. The overall incidence rate of shigellosis was higher
among female service members than males
(5.5 cases per 100,000 p-yrs and 3.1 cases per
100,000 p-yrs, respectively). Compared to
their respective counterparts, service members aged 35–39 years and Army members
had the highest overall rates of shigellosis
(Table). Crude overall incidence rates were
highest among non-Hispanic black service
members and lowest among service members of other or unknown race/ethnicity (5.1

Warrant officer (WO1–WO5)
Status
Recruit

3

1.2

425

3.5

44

2.7

4

0.9

18

3.9

Repair/engineering

113

3.1

Communications/
intelligence

108

3.9

Health care

70

6.3

Other

71

3.0

Nonrecruit
Military occupation
Combat-specific
Armor/motor transport
Pilot/air crew

a

Rate per 100,000 person-years
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F I G U R E 1. Annual numbers of incident cases and incidence rates of shigellosis, active component, U.S. Armed Forces, 2007–2016
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F I G U R E 2. Cumulative number of incident cases of shigellosis, by calendar month, active component, U.S. Armed Forces, 2007–2016
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cases per 100,000 p-yrs and 2.9 cases per
100,000 p-yrs, respectively). Service members in healthcare occupations had the highest overall incidence rate of shigellosis (6.3
cases per 100,000 p-yrs), compared to service members in other occupational groups
(Table).
Annual incidence rates of Shigella infection decreased from 4.1 cases per 100,000
p-yrs in 2008 to 2.8 cases per 100,000 p-yrs
in 2009 (33.3% decrease). Rates were relatively stable during 2009–2014 and ranged
from 2.3 cases per 100,000 p-years in 2013
to 3.1 cases per 100,000 p-yrs in 2011. Rates
peaked in 2015 at 6.4 cases per 100,000 p-yrs
(approximately twice the rate for 2014) (Figure 1). This peak was followed by a 45.8%
decrease to 3.4 cases per 100,000 p-yrs in
2016.
During 2008–2016, a total of 23 incident cases of Shigella infection were identified among active component service
members during deployment (e.g., to Southwest Asia, Haiti). Seven cases were documented in 2008, three in 2009, two in 2010,
five in 2011, three in 2012, one in 2013, two
in 2014, and zero in 2015 and 2016. The low
number of cases did not allow for the identification of demographic patterns of Shigella
infection during deployment.
The monthly distribution of the cumulative number of incident cases of Shigella
infections during the 10-year surveillance
period showed no pronounced pattern of
seasonality. The largest number of infections
was reported in June (n=55) (Figure 2).
During the 10-year surveillance period,
376 (90.6% of total cases with available location information) diagnoses of Shigella
infection were associated with U.S. medical facilities (data not shown). Seven states
accounted for slightly more than two-thirds
(67.3%) of the cases associated with U.S.
locations: Texas (n=79; 21.0%), California
(n=40; 10.6%), Georgia (n=39; 10.4%), Florida (n=33; 8.8%), Maryland (n=22; 5.9%),
Kentucky (n=20; 5.3%), and Virginia (n=20;
5.3%) (data not shown). Medical facilities
at 15 locations outside of the U.S. contributed 39 cases (9.4% of total cases with available location information). Three countries
accounted for approximately two-thirds
(66.6%) of these cases: Germany (n=16;
41.0%), South Korea (n=5; 12.8%), and
Afghanistan (n=5; 12.8%) (data not shown).

40
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EDITORIAL COMMENT

This report documents that, with the
exception of 2015, the crude annual incidence rates of Shigella infections among
active component service members from
2007 through 2016 were relatively stable.

Jul

Aug Sep Oct Nov Dec

The annual incidence rate in 2015 was twice
that of the rate in 2014 (6.4 cases per 100,000
p-yrs and 3.1 cases per 100,000 p-yrs,
respectively).
Estimation of the burden of shigellosis
is, for the most part, speculative because only
a fraction of infected individuals seek medical care and are subsequently diagnosed.23,24
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The CDC has estimated that the true burden of Shigella infections in the U.S. is
almost nine times higher than reported
case counts.23 Results of time-series modeling that incorporated underreporting suggest that the shigellosis burden in the U.S.
may be more than 10 times the number of
laboratory-confirmed cases.33 For 2016, two
incidence rates of shigellosis were reported
for the general U.S. population. One rate
was based on numbers of cases confirmed
by culture only and the other rate was based
on numbers of cases identified using diagnostic tests other than culture (culture-independent diagnostic tests; CIDTs). These two
laboratory methods yielded incidence rates
of 4.6 cases per 100,000 persons and 5.9,
respectively.2 It is important to note that the
crude incidence estimates generated by the
current analysis are not directly comparable
to CDC surveillance data for the general U.S.
population. The active component military
population comprises young and middleaged adults. Shigellosis in the general U.S.
population is most prevalent among children 2–4 years of age.34,35
There was no marked pattern of seasonality of Shigella infections during the 10-year
surveillance period. Studies of shigellosis
outbreaks in the U.S. generally report more
pronounced seasonal variations with more
cases occurring during the warmer months
(June/July through October) than during
the colder months.29,33,36-38 The lack of a pronounced pattern of seasonality in the current analysis may reflect the importance of
person-to-person transmission.39
Analysis of TMDS records of deployed
service members’ healthcare encounters
during 2008–2016 identified relatively few
diagnoses (n=23) of Shigella infections. It is
possible that the risks of Shigella infection
in deployed settings differ from the risks in
non-deployed settings. It is also possible that,
in an austere deployed environment, logistical barriers may have limited the availability
of laboratory equipment and supplies as well
as the transport of specimens sent from theater for analysis elsewhere.
The results of this report should be
interpreted in light of several limitations.
First, the findings presented here most certainly underestimate, to some degree, the
true numbers and rates of Shigella infection during the surveillance period. For the
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current analysis, cases were identified from
administrative data from medical encounters, the RME system, and laboratory data
of confirmed Shigella infections. However,
many individuals with acute gastrointestinal illnesses (particularly mild cases) do
not seek medical care and thus go undiagnosed. Even if affected individuals do seek
medical attention, some cases may not have
stool or rectal swab samples tested for Shigella infection. For samples that are collected
and tested, the sensitivity of the laboratory
testing for Shigella may vary according to
the type of test (culture vs. CIDTs) used. In
addition, because NMCPHC does not have
access to results of laboratory tests carried
out in the civilian purchased care system,
data on positive tests in that system were not
available for this analysis. Finally, the diagnosis codes used to identify cases refer only
to Shigella intestinal infections and do not
provide information on species identified.
The NMCPHC laboratory data also lacked
information on species identified. The current analysis was unable to determine the
extent to which cases of shigellosis were
associated with outbreaks or were sporadic
illnesses.
Strict compliance with human hygiene
practices is the cornerstone of prevention of
transmission of Shigella. Frequent and thorough hand washing with soap and water is
an effective way to stop the spread of this
and other enteric pathogens. Another common risk factor for shigellosis is swallowing
water from ponds, lakes, or untreated swimming pools. International travelers should
be aware of the risks for infection by multidrug-resistant Shigella, adhere to food and
water precautions (e.g., drink only treated
or boiled water, avoid uncooked foods), and
wash hands with soap frequently.40 High
numbers of pre-prepared foods consumed
raw or partially raw (e.g., salads, salsas) have
been implicated in foodborne outbreaks of
shigellosis.29 Given increasing consumer
preferences for ready-to-eat products and
demand for fresh produce year-round, these
foods deserve special attention with regard
to control measures. Clinicians should
request stool specimens or rectal swab cultures when they suspect Shigella infection
and advise infected individuals to follow
meticulous hygiene practices particularly
while they are ill.
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Using Records of Diagnoses from Healthcare Encounters and Laboratory Test
Results to Estimate the Incidence of Norovirus Infections, Active Component, U.S.
Armed Forces, 2007–2016: Limitations to This Approach
Leslie L. Clark, PhD, MS; Shauna Stahlman, PhD, MPH; Gi-Taik Oh, MS

During the 10-year surveillance period, there were 709 incident cases of norovirus (NoV) infection identified among active component service members,
with an overall crude incidence rate of 5.7 cases per 100,000 person-years
(p-yrs). The overall incidence rate of NoV infection was slightly higher among
female service members than males. Compared to their respective counterparts, service members aged 24 years or younger, members of the Army,
junior enlisted, and recruits had the highest rates of NoV infection. Overall
rates were similar across all race/ethnicity groups. Service members in “other”
occupations had the highest overall incidence rate, compared to service members in other occupational groups. Annual incidence rates of NoV infection
ranged from a low of 2.5 cases per 100,000 p-yrs in 2008 to 11.2 cases per
100,000 p-yrs in 2010. The monthly distribution of the cumulative number of
incident cases of NoV infection during the surveillance period showed a pattern of seasonality with higher numbers of diagnosed cases from November
through March. Comparing the results of this analysis to modeled estimates
of the underreported incidence of NoV infections demonstrated the limited
utility of using only medical encounter diagnoses, reportable events, and laboratory data to report on NoV incidence. The disparity between such estimates
highlights the importance of developing and using other methodologies to
derive estimates of norovirus incidence and burden in future analyses.

N

orovirus (NoV) is a highly
infective and easily transmitted pathogen that imposes a
significant public health burden across
geographic regions and in all age groups.
It is estimated to be the causative pathogen
in almost one-fifth (18%) of all diarrhea
cases worldwide.1,2 In the U.S., NoV is the
most common cause of acute gastroenteritis (AGE) outbreaks, hospitalizations, and
deaths.3 In active component U.S. military
members, NoV has been estimated to cause
31% of all in-garrison AGE-related medical encounters and has also been responsible for numerous outbreaks in deployed
troops.4,5
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NoV symptoms (e.g., vomiting, diarrhea) usually occur within 24–48 hours
after ingestion of contaminated food or
water or contact with an infected individual. Symptoms generally are self-limiting
in healthy individuals and resolve within
2–3 days. There are currently no specific
treatments approved for NoV infections
except supportive care.
Noroviruses (NoV) are nonenveloped, single-stranded, positive-sense
ribonucleic acid (RNA) viruses belonging to the Caliciviridae family. The NoV
genus comprises dozens of genetically
diverse strains that are divided into at
least six genogroups (G). Three of these

genogroups infect humans (GI, GII,
and GIV) and genogroup II genotype 4
(GII.4) noroviruses are the most prevalent and clinically significant. Immunity to NoV is of limited duration and is
strain- or genotype-specific.6 Although
significant advances have been made
toward the development of a NoV vaccine, the genetic diversity and rate of
antigenic evolution of NoV have proven
to be major complicating factors in vaccine development.6,7
This report estimates the incidence
of NoV diagnoses among active component service members during a 10-year
surveillance period using medical record
documentation of diagnoses of NoV
infection and of positive laboratory tests
for the virus. The limitations of this
methodology are discussed.

METHODS

The surveillance period was 1 January 2007 through 31 December 2016.
The surveillance population consisted
of all active component service members
of the U.S. Armed Forces who served at
any time during the surveillance period.
Diagnoses of NoV infection were derived
from records of reports of notifiable
medical events and from administrative
records of all medical encounters of individuals who received care in fixed (i.e.,
not deployed or at sea) medical facilities
of the Military Health System (MHS) or
civilian facilities in the purchased care
system. All such records are maintained
in the electronic databases of the Defense
Medical Surveillance System (DMSS). In
addition, laboratory-confirmed cases of
NoV infection were identified from Navy
and Marine Corps Public Health Center
MSMR Vol. 24 No. 6 June 2017

(NMCPHC) records of tested stool or
rectal samples. The contribution of laboratory results to the final case counts was
determined.
For surveillance purposes, an incident case of NoV infection was defined
as a service member having any one of
the following: 1) a laboratory-confirmed
identification of NoV in a stool or rectal
sample, 2) an RME record of “confirmed”
NoV infection, 3) a single hospitalization
with any of the defining diagnoses for
NoV infection in any diagnostic position
(ICD-9: 008.63; ICD-10: A08.11), or 4) a
single outpatient encounter with any of
the defining diagnoses for NoV infection
in any diagnostic position. An individual
could be considered a case once every
180 days. The incidence date was considered the first sample collection date for
a laboratory-confirmed positive rectal
or fecal sample, the date documented in
a reportable medical event report, or the
first hospitalization or outpatient medical encounter that included a defining
diagnosis of NoV infection. Incidence
rates were calculated as the number of
cases per 100,000 person-years (p-yrs).
NoV infections that occurred during deployments (e.g., to Southwest Asia,
Haiti) were analyzed separately. These
cases were identified from the medical
records of deployed service members that
are documented in the Theater Medical
Data Store (TMDS). TMDS data were
available from 2008 through 2016. To
qualify as an incident case during deployment, an individual needed a single medical encounter with a diagnosis of NoV
infection in TMDS that occurred between
the start and end dates of a deployment.

was slightly higher among female service members than males (6.0 cases per
100,000 p-yrs and 5.7 cases per 100,000
p-yrs, respectively). Service members
aged 24 years or younger had higher rates
of NoV infection than any of the other
age groups. Compared to their respective counterparts, members of the Army,
junior enlisted, and recruits had the
highest rates of NoV infection (Table).
Crude overall incidence rates were similar across all race/ethnicity groups. Service members in “other” occupations
(which include those in training) had the
highest overall incidence rate, compared
to service members in other occupational
groups (Table).
Annual incidence rates of NoV infection ranged from a low of 2.5 cases per
100,000 p-years in 2008 to a high of 11.2
cases per 100,000 p-yrs in 2010 (Figure 1).
Between 2008 and 2016, a total of
20 incident cases of NoV infection were
identified among active component service members during deployment (e.g.,
to Southwest Asia, Haiti), with an overall crude incidence rate of 1.9 cases per
100,000 p-yrs. Half of the total number
of cases (n=10) were diagnosed in 2011
while the number of diagnoses in other
years ranged from zero to three (data not
shown).
The monthly distribution of the
cumulative number of incident cases of
NoV infection during the 10-year surveillance period demonstrated a pattern
of seasonality with higher numbers of
diagnosed cases from November through
March and the largest number of infections in March (n=145) (Figure 2).

TA B L E . Incident cases and incidence
rates of norovirus infection, active component, U.S. Armed Forces, 2007–2016
Total
2007–2016
No.

Ratea

709

5.7

Male

596

5.7

Female

113

6.0

63

7.5

20–24

275

7.0

25–29

177

6.0

30–34

94

4.9

35–39

61

4.2

40–44

23

2.6

45–49

12

3.4

4

3.2

Non-Hispanic white

451

6.0

Non-Hispanic black

Total
Sex

Age group
<20

50+
Race/ethnicity

109

5.4

Hispanic

88

5.7

Other/unknown

61

4.6

Army

321

7.1

Navy

137

4.6

Air Force

169

5.5

82

4.6

Junior enlisted (E1–E4)

387

7.2

Senior enlisted (E5–E9)

252

5.1

Junior officer (O1–O4)

56

3.6

Senior officer (O5–O10)

10

2.6

4

2.4

18

7.0

691

5.7

Combat-specific

92

5.6

Armor/motor transport

23

5.1

Service

Marine Corps
Rank/grade

Warrant officer (WO1–WO5)
Status
Recruit

EDITORIAL COMMENT
R E SULT S

During the 10-year surveillance
period, there were 709 incident cases of
NoV infection identified among active
component service members, with an
overall crude incidence rate of 5.7 cases
per 100,000 p-yrs (Table). Of the total
count of cases, 56 cases (7.9%) were
based on laboratory results alone. The
overall incidence rate of NoV infection
June 2017 Vol. 24 No. 6 MSMR

Nonrecruit
Military occupation

This report represents the first time
the MSMR has reported on diagnoses of
norovirus infection in the entire population of active component service members. During the 10-year surveillance
period, the total number of incident NoV
diagnoses identified through ICD-9 and
ICD-10 diagnostic codes was 709. This is
undoubtedly a significant underestimate
of the true number of NoV cases in the

Pilot/air crew

14

3.0

Repair/engineering

178

4.9

Communications/
intelligence

164

6.0

65

5.8

173

7.2

Health care
Other
a

Rate per 100,000 person-years
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F I G U R E 1 . Annual numbers of incident cases and incidence rates of norovirus infection, active
component, U.S. Armed Forces, 2007–2016
12.0

11.2

10.7

No. of cases (bars)

125
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100
75
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50
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0
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F I G U R E 2 . Cumulative number of incident cases of norovirus infection, by calendar month,
active component, U.S. Armed Forces, 2007–2016
200
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No. of cases

150
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19

0
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Feb

Mar

Apr

May

active component population during this
time period. There are several reasons why
underestimation likely occurred. A significant percentage of individuals with NoV
infection may not seek medical care and,
therefore, go undiagnosed. In addition,
NoV infection is unlikely to be laboratoryconfirmed at the same time as a healthcare encounter for clinical assessment of
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Jun

Jul

Aug

Sep

Oct

Nov

Dec

a patient experiencing an AGE episode.
Even during an outbreak, a limited number of specimens are tested to identify the
presumed causative agent. Thus, a majority of records of health care for AGE episodes are coded using a non-specific
diagnosis (e.g. “unspecified diarrhea” and/
or “vomiting”) without attributing the episode to a specific pathogen.

In 2016, Rha and colleagues utilized
diagnostic codes from AGE-related medical encounters of active component military members and beneficiaries to develop
a model to estimate norovirus-attributable medical encounters from nonspecific
encounters in the data.4 This approach
estimated that approximately 42,000 norovirus-attributable medical encounters
occurred per year in active component
military members. This is equivalent to a
rate of 292 encounters per 10,000 p-yrs.4
This estimated rate is four to five times
higher than reported rates in U.S. civilian
populations using similar modeling strategies and the difference may be a result of
model assumptions. However, the higher
rates may also reflect a real increased risk
of contracting NoV infection among military members. Military members are often
placed in settings that are likely to increase
their risk of NoV infection, including
recruit training and housing, aboard ship,
and austere deployment locations.
Relatively few NoV cases were ascertained in theater through the use of TMDS
data. Of note, the greatest number of
TMDS NoV diagnoses occurred during
2011, which corresponds to reported norovirus outbreaks in two camps in Kuwait
that occurred while a preventive medicine
detachment with enhanced laboratory
capabilities was deployed. These enhanced
capabilities provided access to real-time
PCR diagnostic testing for specimens
which significantly reduced turnaround
times for test results and may have contributed to the increased numbers of NoV
diagnoses during 2011.8
Despite the clear underascertainment
of total NoV cases, the counts and rates of
NoV infection reported for subsets of the
surveillance population in this analysis
represent findings consistent with known
NoV epidemiology. For example, a clear
pattern of seasonality (with increased
numbers of diagnoses during winter
months) was demonstrated. The finding
that younger enlisted service members had
the highest crude NoV infection rates may
be attributable to the increased likelihood
that these service members were living
and working together in closer proximity
than their more senior counterparts.
MSMR Vol. 24 No. 6 June 2017

This analysis demonstrated the limited utility of using only medical encounter
diagnoses, reportable events, and laboratory data to report on NoV incidence,
and highlights the importance of developing and using other methodologies (e.g.,
modeling, attributable proportion methods) to derive estimates of norovirus incidence and burden in future analyses.
Acknowledgment: The authors thank the
NMCPHC, Portsmouth, VA, for providing data on laboratory-confirmed cases of
norovirus infection.
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Incidence of Escherichia coli Intestinal Infections, Active Component, U.S. Armed
Forces, 2007–2016
Valerie F. Williams, MA, MS; Shauna Stahlman, PhD, MPH; Gi-Taik Oh, MS

During 2007–2016, there were 290 incident cases of Escherichia coli infection
among active component service members, with an overall crude incidence
rate of 2.3 cases per 100,000 person-years (p-yrs). Subgroup-specific rates
were higher among service members aged 50 years or older and those aged
25–29 years than those in other age groups. Compared to their respective
counterparts, females, non-Hispanic white service members, members of the
Air Force, and service members in healthcare occupations had the highest
rates of E. coli infection. Crude overall incidence rates were highest among
senior enlisted service members and junior officers, compared to those in
other ranks/grades. Annual incidence rates of E. coli infection among active
component service members peaked in 2011(3.4 cases per 100,000 p-yrs)
and in 2016 (4.7 cases per 100,000 p-yrs) but otherwise were relatively stable. The monthly distribution of the cumulative number of incident cases of
infections during the 10-year period showed a modest pattern of seasonality.
During 2008–2016, a total of 14 incident cases of E. coli infection were identified among active component service members during deployments. Standard measures for the prevention of intestinal E. coli infection are reviewed.

E

scherichia coli are members of the
normal microbiota of the lower intestines of humans and other mammals
and certain types of E. coli are among the
most frequent bacterial causes of diarrhea.1
Diarrheagenic E. coli can be classified into
five major groups or pathotypes according to virulence mechanisms, serologic
characteristics, and the clinical syndrome
they produce: enterotoxigenic (ETEC),
enteropathogenic (EPEC), enterohemorrhagic (EHEC), enteroinvasive (EIEC), and
enteroaggregative (EAEC).1,2 Other groups
are recognized but are less well described as
pathogens (e.g., diffusely adherent [enteroadherent] E. coli).1
ETEC bacteria are noninvasive, colonizing the mucosal surface of the small
intestine.2 ETEC strains are associated
with two main clinical syndromes: diarrhea among children under two years of
age in the developing world and traveler’s
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diarrhea.1,3-6 In addition, ETEC is emerging as a significant diarrheal pathogen in
developed regions.7,8 Contaminated food
and water have been implicated as the most
common vehicles for ETEC infection.7,9,10
The presence of ETEC in rivers, untreated
drinking water, irrigation water, and sea
water has been demonstrated repeatedly.11-13 ETEC’s ability to adhere firmly to
fresh vegetables increases risk for its transmission.9,14,15 Illness due to ETEC has a
short incubation period with a rapid onset
of symptoms.1 Infected individuals may
report nausea, but vomiting is uncommon.2
ETEC causes profuse watery diarrhea that
may be mild, brief (1–5 days), and self-limiting or may include severe purging.1,2 Most
patients recover with supportive measures
alone and do not require hospitalization or
antibiotics.2
EPEC strains are defined by
their hallmark attaching-and-effacing

histopathology (changes they elicit when
they interact with epithelial cells) and by
the fact that they do not produce Shiga
toxin.1 EPEC have been associated with
sporadic diarrheal illness as well as outbreaks of diarrhea, usually among children
younger than 6 months old in developing
countries.16,17 As with other diarrheagenic
E. coli strains, transmission of EPEC occurs
via the fecal-oral route, with contaminated
hands, contaminated baby foods, or contaminated fomites acting as vehicles.1,2 The
spread of EPEC infection through nurseries, daycare centers, and hospitals from an
index case has been reported in numerous studies.18-20 EPEC diarrhea in children
may be severe and accompanied by vomiting and dehydration.19 Protracted illness
may result in weight loss, malnutrition, and
death, particularly in regions of the developing world where resources for supportive
care may be limited.21
EHEC are a subset of Shiga toxin-producing E. coli (STEC) that cause hemorrhagic colitis and are often associated with
hemolytic uremic syndrome (microangiopathic anemia, renal failure, and thrombocytopenia).1 The prototype strain, E. coli
O157:H7, is associated with both outbreaks
and sporadic cases of severe disease.1,2 The
most common route of transmission of
EHEC is ingestion of undercooked ground
beef.1 However, spread through consumption of other food products has been
documented (e.g., unpasteurized apple
cider).22 Many of the largest outbreaks have
occurred in the U.S., Canada, Europe, and
Japan.1 EHEC is also an important pathogen in some countries in the southern
hemisphere including Argentina, Australia,
Chile, and South Africa.1 In the northern
hemisphere, there is a pronounced seasonality to EHEC infection, with most cases
reported in the summer.23
EIEC strains are closely related to
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shigellae and cause dysenteric illness similar to shigellosis.2 EIEC bacteria invade
the interstitial epithelial cells of the large
intestine, multiply within them, and
extend into adjacent intestinal cells.2 EIEC
illness is self-limiting and typically begins
as watery diarrhea and may or may not
progress to bloody mucoid diarrhea.1 Prior
to outbreaks in Europe in 2012 (Italy) and
2014 (U.K.), reports of EIEC outbreaks
were uncommon in developed regions.24-26
The occurrence of these outbreaks may
suggest a possible undocumented increase
in this pathogen in Europe.26 Clinicians
and laboratories may not be aware of EIEC
as a potential pathogen for diarrhea, particularly when affected individuals seem
to have contracted the illness within the
U.K. Frontline diagnostic tests are often
unable to differentiate EIEC from nonpathogenic E. coli.24
EAEC is the most recently recognized diarrheagenic E. coli pathotype and
represents a heterogeneous group of E.
coli strains.1,2 EAEC bacteria have been
identified as a top cause of persistent and
acute diarrheal illness among many demographic groups in both developing and
developed regions and have been associated with both outbreaks and sporadic
cases of diarrhea.1,2,27 The transmission of
EAEC most often is described as being
foodborne, and as such, it is most likely
spread by the fecal-oral route.2,27 Contaminated water, baby formula, bean sprouts,
and unpasteurized dairy products have
been implicated in outbreaks in industrialized countries.27 Diarrhea caused by
EAEC is often watery but can be accompanied by blood or mucus.28 EAEC illness
is most frequently reported as self-limiting and as typically being associated with
mild symptoms.27
Infectious diarrhea among deployed
military forces remains an important
cause of morbidity and can threaten the
operational efficiency of affected units.29
Epidemiologic investigations identified
ETEC and EAEC as primary pathogens
isolated from U.S. troops deployed to Iraq
and Afghanistan (OIF/OEF).30,31 According to Riddle and colleagues’ review of
studies of diarrhea prevalence among U.S.
military and similar populations, ETEC
and EAEC were identified as causing 22%
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and 13% of diarrheal illness, respectively,
with regional differences.32
This report summarizes the counts,
rates, and trends of E. coli gastrointestinal infections in active component service
members over the past 10 years.

METHODS

The surveillance period was 1 January
2007 through 31 December 2016. The surveillance population consisted of all active
component service members of the U.S.
Armed Forces who served at any time during the surveillance period. Diagnoses of
E. coli infection were derived from records
of reports of notifiable medical events and
from administrative records of all medical encounters of individuals who received
care in fixed (i.e., not deployed or at sea)
medical facilities of the Military Health
System (MHS) or civilian facilities in the
purchased care system. All such records
are maintained in the electronic databases of the Defense Medical Surveillance
System (DMSS). In addition, laboratoryconfirmed cases of E. coli infection were
identified from Navy and Marine Corps
Public Health Center (NMCPHC) records
of tested stool or rectal samples. Because
laboratory results were not used in a previous MSMR report on the incidence of gastrointestinal infections attributed to E. coli,
the contribution of laboratory results to the
final case counts was determined.33
For surveillance purposes, an incident case of E. coli infection was defined
as a service member having any one of the
following: 1) a laboratory-confirmed identification of E. coli in a stool or rectal sample, 2) a reportable medical event (RME)
record of “confirmed” E. coli infection, 3) a
single hospitalization with any of the defining diagnoses for E. coli in any diagnostic
position (ICD-9: 008.00–008.09; ICD-10:
A04.0–A04.4), or, 4) a single outpatient
encounter with any of the defining diagnoses for E. coli in any diagnostic position.
An individual could be considered a case
once every 180 days. The incidence date
was considered the first sample collection
date for a laboratory-confirmed positive

rectal or fecal sample, the date documented
in a reportable medical event report, or the
first hospitalization or outpatient medical
encounter that included a defining diagnosis of E. coli. Incidence rates were calculated
as the number of cases per 100,000 personyears (p-yrs). In addition, incident cases of
E. coli gastrointestinal infection were summarized by data source and pathotype.
E. coli infections that occurred during deployments (e.g., to Southwest Asia,
Haiti) were analyzed separately. These cases
were identified from the medical records of
deployed service members that are documented in the Theater Medical Data Store
(TMDS). TMDS data were available from
2008 through 2016. To qualify as an incident case during deployment, an individual
needed a single medical encounter with a
diagnosis of E. coli infection in TMDS that
occurred between the start and end dates of
a deployment.

R E SULT S

During 2007–2016, there were 290
incident cases of E. coli infection among
active component service members (Table).
Only nine cases (3.1% of total) would not
have been identified as such without the
NMCPHC laboratory data. The overall crude
incidence rate for the 10-year period was 2.3
cases per 100,000 p-yrs (Table). The overall incidence rate of E. coli infection among
female service members was two times that
of males (4.0 cases per 100,000 p-yrs and
2.0 cases per 100,000 p-yrs, respectively).
Subgroup-specific rates were higher among
service members aged 50 years or older and
those aged 25–29 years than those in other
age groups. Compared to their respective
counterparts, non-Hispanic white service
members and members of the Air Force had
the highest rates of E. coli infection (Table).
Crude overall incidence rates were highest
among senior enlisted service members and
junior officers, compared to those in other
ranks/grades. Service members in healthcare occupations had the highest overall
incidence rate of E. coli infection, compared
to service members in other occupational
groups (Table).
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TA B L E . Incident cases and incidence rates

of Escherichia coli infection, active component, U.S. Armed Forces, 2007–2016
Total
2007–2016
No.

Ratea

290

2.3

214

2.0

76

4.0

<20

14

1.7

20–24

73

1.9

25–29

90

3.1

30–34

48

2.5

35–39

33

2.3

40–44

19

2.2

45–49

9

2.6

50+

4

3.2

Non-Hispanic white

191

2.5

Non-Hispanic black

38

1.9

Hispanic

30

1.9

Other/unknown

31

2.4

Army

121

2.7

Navy

51

1.7

Air Force

96

3.1

Marine Corps

22

1.2

Junior enlisted (E1–E4)

115

2.1

Senior enlisted (E5–E9)

128

2.6

41

2.6

Senior officer (O5–O10)

2

0.5

Warrant officer (WO1–WO5)

4

2.4

Total
Sex
Male
Female
Age group

Race/ethnicity

Service

Rank/grade

Junior officer (O1–O4)

Status
Recruit

3

1.2

287

2.4

24

1.5

8

1.8

Pilot/air crew

10

2.1

Repair/engineering

75

2.1

Communications/intelligence

79

2.9

Health care

40

3.6

Other

54

2.2

Nonrecruit
Military occupation
Combat-specific
Armor/motor transport

a

Rate per 100,000 person-years
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Annual incidence rates of E. coli
infection were relatively stable during the
first 4 years of the surveillance period and
ranged from 1.6 cases per 100,000 p-years
in 2010 to 2.1 cases per 100,000 p-yrs in
2007. The annual rate increased to 3.4
cases per 100,000 p-yrs in 2011 and then
decreased to 2.0 cases per 100,000 p-yrs
in 2012. Annual incidence rates of E. coli
infection remained relatively low between
2012 and 2015 and then peaked in 2016 at
4.7 cases per 100,000 p-yrs (an increase of
94.8% between 2015 and 2016) (Figure 1).
The monthly distribution of the
cumulative number of incident cases of
E. coli infections during the 10-year surveillance period showed a modest pattern
of seasonality. The 7 months from May
through November (58.6% of the year)
accounted for 69.3% of all cases during the
10-year period. The counts of cases in each
of the 5 cooler months (December–April)
were lower than the monthly counts for
every one of the other 7 months (Figure 2).
During the 10-year surveillance
period, 116 medical facilities were associated with diagnoses of E. coli infection.
Facilities at U.S. locations accounted for
more than four-fifths (81.4%; n=192) of
the cases with valid location information (data not shown). Six states accounted
for 45.2% of the these cases and included
Texas (n=35; 18.4%), California (n=25;
13.2%), Maryland (n=9; 4.7%), New York
(n=9; 4.7%), Hawaii (n=8; 4.2%), and
Mississippi (n=8; 4.2%) (data not shown).
Facilities at six locations outside of the
U.S. accounted for 18.6% (n=44) of cases
with valid location information (data not
shown) and included Germany (n=30;
68.2%), Japan (n=5; 11.4%), Turkey (n=4;
9.1%), Italy (n=2; 4.5%), South Korea
(n=2; 4.5%), and the U.K. (n=1; 2.3%).
During 2008–2016, a total of 14 incident cases of E. coli infection were identified among active component service
members during deployments (e.g., to
Southwest Asia, Haiti) (data not shown).
Two cases were documented in 2008,
three in 2009, one in 2010, 0 in 2011, one
in 2012, zero in 2013 and 2014, three in
2015, and four in 2016. The very low number of cases did not allow for the identification of demographic patterns of E. coli
infection during deployment.

Examination by data source and
pathotype showed that the majority of E.
coli infections ascertained from medical
encounter records (n=222) were categorized as “intestinal infection due to E. coli
unspecified” (n=97; 43.7%) or “intestinal
infection due to other E. coli infections”
(n=74; 33.3%) (data not shown). Incident infections identified from medical
encounter records with pathotype information accounted for the remaining cases
and included EPEC (n=22; 9.9%), ETEC
(n=13; 5.9%), EHEC (n=12; 5.4%), and
EIEC (n=4; 1.8%). For the majority (n=11;
84.6%) of the 13 cases ascertained from
laboratory results, STEC was recorded as
the causative agent. Six of these cases were
labeled as O157:H7, one as O157:H16,
and one as “O157 PCR” (data not shown).
For three of the STEC cases, “Shiga toxin
1/2” was recorded as the causative agent.
“Shiga-like toxin producing E. coli” was
recorded as the causative agent for the
remaining case identified from laboratory
results. For all of the 55 cases ascertained
from RME records, STEC was recorded as
the causative agent (data not shown). STEC
infections are the only E. coli infections
considered an RME.

EDITORIAL COMMENT

This report documents that, during
2007–2016, annual incidence rates of E.
coli infection among active component
service members peaked in 2011(3.4 cases
per 100,000 p-yrs) and in 2016 (4.7 cases
per 100,000 p-yrs). During 2007–2010 and
2012–2015, rates were relatively stable.
The burden of E. coli intestinal infections is extremely difficult to ascertain.
Because few diarrheagenic E. coli pathotypes can be identified using technology
that is widely (or even currently) available, a significant proportion of outbreaks
and sporadic infections undoubtedly go
undectected. Several major challenges
limit the detection of diarrheagenic E.
coli. First, diagnosis at clinical presentation is seldom possible because, except
for O157:H7 and non-OH157:H7 STEC,
diarrhea-causing E. coli have no readily
MSMR Vol. 24 No. 6 June 2017

F I G U R E 1 . Annual numbers of incident cases and incidence rates of Escherichia coli infection,
active component, U.S. Armed Forces, 2007–2016
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F I G U R E 2 . Cumulative number of incident cases of Escherichia coli infection by calendar month,
active component, U.S. Armed Forces, 2007–2016
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identifiable observable features that distinguish them from other E. coli (or even
Shigella spp.) present in stool samples.34
The detection and differentiation of diarrheagenic E. coli depends, for the most
part, on complex phenotypic determinations (e.g., patterns of adherence to cells,
toxicity assays) and/or molecular diagnostic techniques, which may not be widely
June 2017 Vol. 24 No. 6 MSMR
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available.34 In addition, with the exception
of EHEC, most illnesses caused by diarrheagenic E. coli are self-limiting and resolve
without causing major injury to the host.2
Individuals affected by mild diarrheal illness may not seek medical care allowing
no opportunity for clinical assessment.
Finally, even during an outbreak, a limited
number of specimens are tested to identify

the presumed causative agent. Thus, a
majority of records for diarrhea are coded
using non-specific diagnoses (e.g., “intestinal infection due to E. coli, unspecified”
or “intestinal infection due to other E. coli
infections”) without attributing the illness
to a specific E. coli pathotype.
STEC is the only pathogenic E. coli
monitored by the Centers for Disease Control and Prevention’s (CDC’s) Foodborne
Diseases Active Surveillance Network. For
2016, the CDC estimated incidence rates
of STEC based on two measures: numbers
of confirmed (culture-positive) cases only;
and, numbers of positive culture-independent diagnostic tests (CIDTs) that were not
confirmed by culture. These two methods
yielded incidence rates of 2.85 and 3.76
cases per 100,000 persons, respectively.35
Both of these estimates are well above the
national Healthy People 2020 STEC incidence goal of 0.6 cases per 100,000 people and the CDC has noted that additional
efforts are needed to reach this target.36,37
During 2008–2016, relatively few
cases of E. coli infection were identified
in theater using TMDS data. It is possible
that the risks of acquiring E. coli infections
in deployed settings are different from the
risks in non-deployed settings. It is important to note that the molecular diagnostic techniques and toxin assays needed
to identify certain pathotypes of diarrheagenic E. coli may not be available in an
austere forward deployed environment.
Given these constraints, it is likely that
the low number of total cases ascertained
from TMDS data is due, at least in part, to
a limited ability to identify and differentiate pathogenic E. coli.
The monthly counts of cases of E.
coli infections during the 10-year surveillance period tended to be modestly
higher in the warmer months of the year.
However, other studies of diarrheagenic
E. coli infection have demonstrated more
marked seasonality with the highest incidence in warmer months (June–August in
the northern hemisphere) and lower incidence in cooler months.38 Modest increases
also have been seen in months with higher
than average rainfall.38 An increase of
1.8ºF in mean temperature is associated
with an 8% increase in the incidence of
diarrheagenic E. coli, not controlling for
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precipitation.38 Higher temperatures can
boost replication rates and survival of
bacteria in the environment and can result
in alterations in E. coli gene expression.39
Research on E. coli O157 has shown both
greater transmission at warmer ambient
temperatures and decreased survival of
bacteria during periods of temperature
variability.40 In addition, during warmer
months, human exposure may be higher
and increased pathogen loading from animal reservoirs may also occur.41
As previously noted, it is not unexpected that the majority (77.9%) of medical encounter records for E. coli intestinal
infection were coded using non-specific
diagnoses (“intestinal infection due to E.
coli, unspecified” or “intestinal infection
due to other E. coli infections”). The distribution of pathotypes ascertained from
medical encounter records and laboratory
results likely reflects, at least in part, the
availability of diagnostic techniques for
identifying and differentiating diarrheagenic E. coli.
This analysis has additional limitations
that should be considered when interpreting
the results. First, results of laboratory tests
performed in the civilian purchased care
system are not available to the NMCPHC, so
positive tests in that system were not available for this analysis. Also, this analysis was
unable to determine the extent to which
cases of E. coli intestinal infection were
associated with outbreaks or were sporadic
illnesses.
Prevention of E. coli intestinal infections, in general, depends on sanitary measures to prevent fecal-oral transmission.
Hands should be washed thoroughly with
soap and water after using the bathroom,
after changing diapers, and after any contact with animals or their living environments (e.g., at farms, petting zoos, fairs).1,2
Frequent and thorough handwashing is also
important before and after preparing or eating food. Food preparation surfaces and
utensils should be washed after each use.
Washing fruits and vegetables can remove
dirt and reduce the amount of bacteria on
the surface of the produce. It is important to
note, however, that rinsing may not be sufficient to remove adherent bacteria because
pathogenic E. coli, including ETEC, adheres
firmly to leafy vegetables (e.g., lettuce, spinach).15,34 To prevent cross-contamination,
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meat, poultry, seafood and eggs should be
kept separate from all other foods during
shopping and while refrigerated. Perishable
foods should be refrigerated promptly. All
meat and meat products should be cooked
thoroughly before consumption. Beef steaks
and roasts should be cooked to an internal
temperature of at least 145ºF and allowed to
rest for several minutes after removing from
the stove or grill. Ground beef and pork
should be cooked to a minimum internal
temperature of 160ºF.42 Use of a food thermometer is recommended to verify that
meat has reached a safe internal temperature. Other common risk factors for E. coli
intestinal infection include consumption of
unpasteurized milk or other raw dairy products, unpasteurized fruit juices, and water
from recreational sources (e.g., swimming
pool, lakes, ponds, streams). International
travelers should adhere to food and water
precautions (e.g., drink treated or boiled
water only, avoid uncooked foods), and
wash hands with soap frequently.43
Acknowledgment: The authors thank the
NMCPHC, Portsmouth, VA, for providing
data on laboratory-confirmed cases of E.
coli infection.
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Surveillance Snapshot: Annual Incidence Rates and Monthly Distribution of Cases
of Gastrointestinal Infection, Active Component, U.S. Armed Forces, 2007–2016
F I G U R E 1 . Annual incidence rates of five most common diagnoses of gastrointestinal
infection (solid lines) and of unspecified gastroenteritis/diarrhea (dashed line), active
component, U.S. Armed Forces, 2007–2016
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F I G U R E 2 . Percentage distribution, by month of diagnoses, for each of the five most common types of gastrointestinal infection and for unspecified gastroenteritis/diarrhea, active
component, U.S. Armed Forces, 2007–2016
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The five preceding articles in the June
2017 MSMR examined the incidence rates and
other epidemiologic characteristics of the five
most common diagnoses of gastrointestinal
infections among active component service
members.
Figure 1 compares the annual incidence
rates of the five gastrointestinal diagnoses during the surveillance period of 2007–2016. In
addition, the figure shows another line depicting the annual incidence rates of diagnoses of
unspecified gastroenteritis/diarrhea. A noteworthy finding is that the annual rates of diagnosed Campylobacter infections have steadily
increased since 2007 and have surpassed those
of Salmonella infections in every year after
2009. Annual incidence rates have remained
relatively stable for diagnoses of Shigella and
Escherichia coli infections and have risen
slightly for Salmonella and norovirus. Rates for
unspecified diarrhea were more than 80 times
the combined rates of the specific pathogens,
and have steadily increased during the period.
It should be noted that the Centers for Disease
Control and Prevention estimates that norovirus infections are by far the most common
cause of gastroenteritis in the U.S. It is highly
likely that the data on norovirus infections
among active component service members are
significant underestimates of the actual incidence because the data in this report reflect
only diagnosed cases and laboratory confirmations of norovirus infections.
Figure 2 uses the distribution of cases by
calendar month to illustrate the variations in
the proportions of cases that occur by month
throughout the years 2007–2016. Most dramatic is the observation that cases of norovirus infections are diagnosed much more
often in the winter months than the summer
months. For example, of all norovirus infections diagnosed during the 10-year surveillance period, 20.5% were detected during the
month of March. For the bacterial pathogens
shown, cases are more often diagnosed during
the warmer months of the year, although cases
are detected year round for every organism
depicted. For the diagnoses of unspecified gastroenteritis/diarrhea, November–April had the
highest proportions of the total for the period,
and May–October had the lowest proportions.
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