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the U.S. Food and Drug Admin-
istration (FDA) develops proce-
dures to reduce the inherent risk of 

communicable disease in the blood supply. 
U.S. Code of Federal Regulations Title 21 
requires all donated blood (including leu-
kocyte-rich cells) to be tested for human 
immunodefi ciency virus (HIV) types 1 
and 2, hepatitis B virus (HBV), hepatitis 
C virus (HCV),   human T-lymphotropic 
virus (HTLV) types I and II, and syphi-
lis.1 In November 2009, following 30 doc-
umented cases of West Nile virus (WNV) 
infection acquired from blood transfusion, 
and in December 2010 aft er seven transfu-
sion reported cases of Trypanosoma cruzi 
infection, the FDA recommended screen-
ing of all donated blood for WNV2 as well 

as one-time donor testing for T. cruzi.3 
In the early, resuscitative care of combat 

casualties, the transfusion of blood prod-
ucts, oft en in large amounts, has proven 
to be crucial to improving survival in the 
wounded. In forward areas of combat zones 
where conditions are austere and resupply 
is intermittent, supplies of pre-positioned 
FDA-compliant blood products may be 
limited, and may be quickly exhausted. 
Under such circumstances, transfusion 
with freshly collected blood products is 
sometimes used to save lives.4 When such 
blood products are transfused, Department 
of Defense (DoD) policy requires recipi-
ents to be off ered testing for transfusion-
transmissible infections (TTIs) at intervals 
of 3, 6, and 12 months aft er transfusion. 

In austere deployment environments, transfusion of freshly collected blood 
products from volunteer donors is sometimes necessary to save wounded 
service members’ lives. Because these blood products may have an increased 
risk of transmitting bloodborne pathogens, recipients are administratively 
tracked and off ered serial serologic testing by the Blood Look Back (BLB) pro-
gram. Th is study evaluates the frequency of transfusion-transmissible infec-
tions (TTIs) in U.S. service member (SM) recipients of non-FDA-compliant 
blood products from 1 June 2006 through 31 December 2012. Routine BLB 
program eff orts identifi ed and evaluated 1,127 SM recipients for evidence of 
seven TTIs for 12 months following transfusion. Th e Defense Medical Sur-
veillance System was then queried for evidence of provider-diagnosed TTIs 
and the results were compared. A single, previously reported incident case 
of human T-lymphotropic virus (rate of 1.3 per 1,000 persons) was the only 
TTI identifi ed during the study period. Screening of recipients identifi ed two 
(rate of 1.9 per 1,000 persons) prevalent (pre-transfusion) cases of chronic 
hepatitis B virus (HBV) infection, 16 (rate of 15.5 per 1,000 persons) prev-
alent cases of naturally acquired immunity to HBV and seven (rate of 6.8 
per 1,000 persons) prevalent cases of hepatitis C virus infection. No cases of 
infection with human immunodefi ciency virus, syphilis, Trypanosoma cruzi, 
or West Nile virus were identifi ed.

Transfusion-Transmissible Infections Among U.S. Military Recipients of Emergently 
Transfused Blood Products, June 2006–December 2012
Timothy Ballard, MD (Lt Col, USAF); Patricia Rohrbeck, DrPH, MPH (Maj, USAF); Mindy Kania; Lucas A Johnson, MD, MTM&H (LCDR, USN)

Th is testing is tracked by Th e Armed Ser-
vices Blood Program (ASBP) offi  ce via the 
Blood Look Back (BLB) program. BLB pro-
gram personnel also ensure that recipients 
of non-FDA-compliant products have been 
counseled regarding the reason for their 
emergent transfusion and understand the 
importance of laboratory follow-up test-
ing. Program personnel then coordinate 
with patients, case managers, and medi-
cal providers to ensure that transfusion 
recipients receive follow-up laboratory 
testing at Clinical Laboratory Improve-
ment Amendments–certifi ed laboratories. 
When possible, testing is performed at mil-
itary treatment facilities, or Department of 
Veterans Aff airs (VA) hospitals; however, 
testing is sometimes performed at civilian 
facilities as well. Laboratory testing results 
are transmitted to the BLB, verifi ed by the 
ASBP, and recorded in the service mem-
ber’s (SM’s) medical record. If a recipient 
demonstrates serologic evidence of a TTI, 
BLB personnel interview the SM, perform 
a comprehensive review of the medical 
records, review the results of blood samples 
taken from the donor at the time of dona-
tion, and in some cases, request testing of 
the donors’ pre-deployment serum.5 Th e 
BLB program routinely tests for HIV types 
1 and 2, HTLV types I and II, HBV, HCV, 
syphilis, WNV and T. cruzi (WNV and T. 
cruzi testing were added in May 2013). 

Previous research suggests TTIs 
among SMs transfused in combat with 
freshly collected blood products are rare. 
A study by Hakre et al. tested SMs who 
received non-FDA-compliant blood prod-
ucts from March 2002 through September 
2007. Of the 761 recipients of emergently 
transfused blood products, pre- and post-
transfusion sera were tested for HIV (472 
recipients), HBV (469 recipients), and 
HCV (475 recipients). A single case of 
transfusion-transmitted HCV infection 
was identifi ed (incidence rate of 2.1 per 
1,000 persons). Additionally, the study 
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F I G U R E  1 .  Selection of the study population

identifi ed two cases of prevalent (pre-trans-
fusion) chronic HBV infection (4 per 1,000 
persons), nine cases of prevalent natural 
immunity to HBV (19 per 1,000 persons), 
and four prevalent cases of HCV infection 
(8 per 1,000 persons).6 

Th is study updates the current body of 
knowledge by determining the incidence 
and prevalence of seven TTIs among SMs 
who received non-FDA-compliant blood 
products from 1 June 2006 through 31 
December 2012. Furthermore, this study 
examines whether the addition of a pas-
sive surveillance system, the Defense Medi-
cal Surveillance System (DMSS), detected 
any SMs diagnosed with TTIs, including 
T. cruzi or WNV prior to routine screen-
ing in 2013. Finally, this study explores the 
use of the DMSS as a potential tool to aug-
ment current BLB programmatic surveil-
lance eff orts.

M E T H O D S

A retrospective cohort study was 
designed using pre-existing data rou-
tinely collected by the BLB program as 
well as ICD-9 diagnostic information rou-
tinely captured from SM electronic health 
records in the DMSS. Maintained by the 
Armed Forces Health Surveillance Cen-
ter, DMSS records document provider 
diagnoses recorded during outpatient 
encounters and inpatient hospitalizations 
of active component SMs in fi xed military 
and civilian (if reimbursed through the 
Military Health System [MHS]) treatment 
facilities.7 Th e cohort consisted of active-
duty SM recipients of non-FDA-compli-
ant blood products identifi ed by the BLB 
program. Th e primary outcomes of inter-
est were the presence of laboratory-con-
fi rmed TTIs within 12 months of receiving 
a non-FDA-compliant blood transfusion. 
Th e exposure period was 1 June 2006 
through 31 December 2012, and the 
total surveillance period was 1 June 2006 
through 31 December 2013. SMs were fol-
lowed for at least 12 months aft er date of 
transfusion; until completion of follow-up 
laboratory testing; or until completion of 
the study surveillance period. To account 
for patient noncompliance with BLB pro-
gram–recommended follow-up, as well 

as the introduction of WNV and T. cruzi 
laboratory testing aft er the study expo-
sure period, SM medical records were also 
queried in the DMSS for evidence of pro-
vider-diagnosed TTI during the 12-month 
surveillance period following transfusion. 
Case defi nitions for DMSS-diagnosed 
TTIs were based on standardized, previ-
ously published criteria.8 Th is project was 
reviewed and approved by the Uniformed 
Services University of the Health Sci-
ences Offi  ces of Research and determined 
to be exempt from Institutional Review 
Board review.

Demographic characteristics and pri-
mary outcome of the study cohort were 
reported using descriptive statistics. Rates 
were calculated and expressed as rates per 
1,000 persons. All statistical analysis was 
completed in Stata/IC 12.1.9

R E S U L T S

BLB data initially identifi ed 1,206 
recipients during the study exposure 
period (Figure 1). Despite initially surviv-
ing their injuries and transfusion, 31 SMs 

succumbed to their injuries prior to com-
pletion of follow-up and were excluded 
from analysis. Another 48 recipients were 
later identifi ed as civilians at the time of 
their transfusion and were excluded from 
the analysis because they did not meet 
the criteria for inclusion into the study 
because no health information was avail-
able on DoD civilians through DMSS. Th e 
remaining 1,127 SMs were then matched 
to DMSS diagnostic data in accordance 
with the standardized case defi nitions. A 
total of 97 SMs had no documentation of 
completing any laboratory follow-up test-
ing. Th e remaining 1,030 SMs received 
at least some follow-up laboratory test-
ing for TTIs. A total of 778 SMs com-
pleted all required follow-up serologic 
tests; an additional 252 SMs had incom-
plete follow-up, defi ned as missing docu-
mentation of at least one or more required 
laboratory tests.

Th e typical recipient of non-FDA-
compliant blood was a junior enlisted sol-
dier, aged 20–24 years (Table 1). Th e Army 
and Marine Corps combined represented 
96% of those who received non-FDA-
compliant blood, while the Air Force and 
Navy each represented only 2%. 

1,206 recipients of emergent blood 
products in the Blood Look Back (BLB) 

program, June 2006–December 2012

1,127 U.S. service members

31 died as a result of their injuries prior 
to study completion 48 civilians at time of transfusion

1,030 (91%) with follow-up in 
the BLB program

778 (76%) completed 
follow-up

252 (24%) 
incomplete follow-up

97 (9%) without 
documented follow-up

1,127 searched in DMSS



 MSMR  Vol. 21  No. 11   November 2014 Page  4

Blood products

A total of 4,857 units of non-FDA-
compliant blood products were transfused 
to 1,127 SMs during the study period (Table 
2). Apheresis platelets were the most utilized 
product (2,712 units transfused to 1,022 
personnel) followed by whole blood (2,116 
units transfused to 253 personnel). Th ese 
values represent only the quantity of non-
FDA-compliant blood products because 
the BLB database does not systematically 
record type and volume of FDA-compliant 
banked blood products. According to the 
Armed Services Blood Program (AFBP), 
the U.S. military transfused 237,100 units 
of blood products between June 2006 and 
December 2012. Th us, the 4,857 non-FDA-
compliant units represented approximately 
2% of the total blood products. 

Transfusion-transmitted infections

Between June 2006 and December 
2013, there was a single occurrence of the 
primary outcome of interest: an incident 
laboratory-confi rmed case of HTLV infec-
tion (rate of 1.3 per 1,000 persons) among 
the 778 individuals who completed all 
required testing (Table 3).

 
Hepatitis B virus

Th e BLB program identifi ed 16 recip-
ients (rate of 15.5 per 1,000 persons) who 
were repeatedly reactive for HBV core 
antibody (HBcAb) and HBV surface anti-
body (HBsAb) but were negative for HBV 
surface antigen (HBsAg). Th ese recipients 
were identifi ed as having a history of expo-
sure to HBV and natural immunity. Two 
recipients (rate of 1.9 per 1,000 persons) 
were HBcAb repeat reactive with HBsAg 
positivity and were identifi ed as having 
chronic HBV infection. 

By using the standardized surveillance 
case defi nitions, DMSS records were identi-
fi ed for three transfusion recipients as hav-
ing been diagnosed with HBV infection. 
Two of these recipients corresponded to 
SMs previously identifi ed by the BLB pro-
gram as having a history of HBV prior to 
receiving a transfusion. Th e third individ-
ual had completed all follow-up laboratory 
testing and was serologically negative for 
evidence of HBV infection. 

Hepatitis C virus

Within the BLB program, seven trans-
fusion recipients (rate of 6.8 per 1,000 per-
sons) were anti-HCV positive, confi rmed 

by either recombinant immunoblot assay or 
nucleic acid amplifi cation testing. All seven 
transfusion recipients were determined to 
have a history of HCV prior to transfusion 
by a combination of medical record review, 
patient report, or serologic analysis of pre-
transfusion aliquot for HCV. 

DMSS records were identifi ed for fi ve 
transfusion recipients as having been diag-
nosed with HCV infection. Th ree of these 
records corresponded to recipients pre-
viously identifi ed by the BLB program as 
having a history of HCV prior to transfu-
sion. One record was for a recipient deter-
mined to have an initial false-positive test 
for HCV infection, and later serologically 
confi rmed to be HCV negative. Th e fi nal 
recipient completed all follow-up labora-
tory testing and was serologically negative 
for evidence of HCV infection. 

HIV, syphilis, T. cruzi, and WNV

No cases of HIV, syphilis, T. cruzi, or 
WNV infection were identifi ed by either 
the BLB program or the DMSS.

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

Th is study confi rms and reaffi  rms a 
previously reported 2010 case of HTLV 
type I10 as the only incident case of a TTI 
identifi ed to date in this cohort of 1,127 
SMs receiving non-FDA-compliant blood 
products from 1 June 2006 through 31 
December 2012. Th e addition of DMSS as 
a passive surveillance tool did not identify 
additional positive cases of TTIs among 

T A B L E  2 .  Non-FDA-compliant blood products transfused to U.S. service members, 
June 2006–December 2012

Blood product No. of recipients No. of units Minimum-maximum units per recipient

Whole blood 253 2,116 1–57
Platelets 1,022 2,712 1–26

Fresh frozen plasma 15 29 1–9
Total 1,127a 4,857

aSome recipients were transfused multiple types of blood products.

FDA=U.S. Food and Drug Administration

T A B L E  1 .  Demographic characteristics 
of U.S. service member recipients of 
non-FDA-compliant blood products, 
June 2006–December 2012

No. %
Total 1,127
Age

<20 59 5.0
20–24 576 51.0
25–29 297 26.0
30–34 115 10.0
35–39 47 4.0
40+ 33 3.0

Service
Army 762 68.0
Air Force 24 2.0
Marine Corps 320 28.0
Navy 21 2.0

Rank
E1–E4 659 58.0
E5–E9 385 34.0
O1–O9, WO 83 7.0

Year of transfusion
2006 136 12.0
2007 203 18.0
2008 94 8.0
2009 82 7.0
2010 205 18.0
2011 252 22.0
2012 155 14.0

FDA=U.S. Food and Drug Administration
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SMs with incomplete follow-up or among 
those who may not have received labora-
tory testing for WNV and T. cruzi by the 
BLB program. 

Th e incidence rate of a TTI in this pop-
ulation was one case out of 1,127 (0.9 per 
1,000 persons). Confi ning incidence esti-
mates to the most conservative denomi-
nator (778 recipients who completed 12 
months of laboratory testing) yields an 
incidence rate of 1.3 per 1,000 persons. 
Th is rate is below the previously reported 
incidence rate of 2.1 per 1,000 transfusions 
among 475 recipients from 2002 to 2007.6

Th e BLB program data identifi ed 16 
recipients (rate of 15.5 per 1,000 persons) 
with evidence of HBV from a natural infec-
tion prior to transfusion and two (rate of 
1.9 per 1,000 persons) recipients chroni-
cally infected with HBV with evidence of 
infection prior to transfusion. Th ese preva-
lence results are less than the rates reported 
in the 2002–2007 transfusion cohort (19 
per 1,000 persons and 4 per 1,000 persons, 
respectively).6 Th e observed rate of SMs 
with chronic HBV was substantially higher 
than the rate of 0.095 per 1,000 persons 
reported in a 2011 study of all active com-
ponent SMs from 2000 through 2010.11 Th e 
existence of undiagnosed, chronic HBV 

infection may result from lack of a ser-
vicewide systematic screening process for 
HBV, as well as potential patient disclosure 
issues, because chronic hepatitis and hepa-
titis carrier state are grounds for rejection 
from appointment, enlistment, or induc-
tion in military service.12 Methodologic dif-
ferences may also account for the observed 
diff erences in reported prevalence. Th e 
study design for the report utilized both 
laboratory and diagnostic criteria, an 
approach that is likely more sensitive than 
the diagnostic only estimate provided by 
the 2011 study.

Th e BLB program identifi ed seven 
recipients (rate of 9 per 1,000 persons) 
with evidence of HCV prior to transfu-
sion, similar to the prevalence of HCV in 
the 2002–2007 cohort of 8 per 1,000 per-
sons,6 but also substantially higher than 
the prevalence of chronic HCV (0.17 per 
1,000) reported in the U.S. Armed Forces 
from 2000 through 2010.13 Methodologic 
diff erences likely account for these diff er-
ences as 91% of this study cohort was sero-
logically screened for HCV as compared to 
an unknown, but presumably low, percent-
age of individuals receiving actual serologic 
screening in the previous study.13

Th is study utilized DMSS records to 

augment routine BLB program follow-up 
by identifying transfusion recipients who 
received a diagnosis of a TTI by a health-
care provider. Additionally, DMSS records 
were searched for evidence of diagnoses of 
WNV and T. cruzi infection because rou-
tine laboratory testing for these conditions 
was not introduced until aft er the exposure 
period of this study. By using standardized 
case defi nitions, DMSS records enabled 
the correct identifi cation of the two preva-
lent cases of HBV identifi ed through rou-
tine BLB program laboratory testing. One 
SM serologically proven to demonstrate 
no serologic evidence of HBV infection 
had a healthcare provider diagnosis of 
HBV in the medical record and thus was 
incorrectly identifi ed as a case by using the 
standardized case defi nition. Standardized 
case defi nitions applied to DMSS records 
allowed for the correct identifi cation of 
three out of seven individuals with HCV; 
however, two SMs whose DMSS records 
contained diagnoses of HCV infection 
were serologically proven to demonstrate 
no evidence of HCV infection. Despite 
these limitations, approximately one-
quarter of the cohort did not complete all 
recommended laboratory follow-up for a 
variety of reasons; the ability to continue 
tracking these individuals through a pas-
sive surveillance tool is a valuable practice 
that should be further investigated.

Interpretation of this study is subject 
to several limitations. First, despite robust 
administrative support and coordination 
with case managers across the spectrum of 
the MHS, the VA, and civilian care, nearly 
one-quarter of the cohort did not com-
plete all recommended laboratory test-
ing. Second, some infectious conditions 
monitored by the BLB program (particu-
larly HCV and T. cruzi) can demonstrate 
long latency periods prior to an individ-
ual becoming symptomatic. SMs who are 
non-compliant with laboratory follow-up 
may require greater than 12 months of fol-
low-up prior to experiencing symptoms 
that may result in a provider diagnosis if 
indeed infected with a TTI. Th ird, while 
inclusion of the DMSS data may help com-
pensate for incomplete BLB program fol-
low-up, diagnostic information resulting 
from care provided to SMs outside of the 
MHS or care that is not reimbursed by the 

T A B L E  3 .  Incidence and prevalence of potential TTIs by data source

Blood Look Back program DMSS
No. of cases (rate)a No. of cases (rate)a No. of  casesd

TTI Incidenceb Prevalencec

HIV 0 0 0
HBV/chronic 0 2 (1.9)a 3
HBV/naturally acquired immunity N/A 16 (15.5)a N/A
HCV 0 7 (6.8)a 5
HTLV I and II 1 (1.3)a 0 1
Syphilis 0 0 0
WNV Not tested Not tested 0
Trypanosoma cruzi Not tested Not tested 0

aCases per 1,000 persons
bRate derived from 778 service members who completed all laboratory testing.
cRate derived from 1,030 service members at risk of outcome; includes incomplete follow-up.
dDMSS recorded both incident and prevalent cases derived from 1,127 service members searchable in the DMSS. 

DMSS=Defense Medical Surveillance System; HBV=hepatitis B virus; HCV=hepatitis C virus; HTLV=human 
T-lymphotropic virus; TTI=transfusion-transmissible infection; WNV=West Nile virus 
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case of HTLV, viral DNA sequencing of 
the donor and recipient allowed for a very 
high level of evidence for the route of viral 
transmission. Fourth, whenever possible, 
standardized disease case defi nitions were 
used to allow for more direct comparisons 
between this study, previously published 
literature, and potential future research.

One incident case of HTLV was iden-
tifi ed in this review, representing a rare 
outcome of a life-saving measure. Preva-
lent cases of HBV and HBC were identi-
fi ed, which are a potential concern as they 
represent the presence of undiagnosed 
infectious agents in a cohort who them-
selves may become non-FDA-compliant 
blood product donors to others. Th e use 
of DMSS as an additional passive surveil-
lance tool did not identify additional true 
positive cases of TTIs potentially validat-
ing current BLB programmatic eff orts. 
Considering the substantial numbers 
of SMs who do not complete all recom-
mended laboratory follow-up aft er receiv-
ing non-FDA-compliant blood products, 
further evaluation of the DMSS as an addi-
tional surveillance tool may be warranted.

Disclaimer: Th e views expressed are 
those of the author(s) and do not necessar-
ily refl ect the offi  cial views of the Uniformed 
Services University of the Health Sciences, 
the U.S. Air Force, the U.S. Navy, or the 
Department of Defense.

Author affi  liations: Armed Forces 
Health Surveillance Center, Silver Spring, 
MD (Dr. Rohrbeck); Uniformed University 
of the Health Sciences, Bethesda, MD (Dr. 
Ballard, Dr. Johnson); Blood Look Back 
program (Ms. Kania).

MHS (e.g., care provided out-of-pocket 
or for free at a public health department 
clinic) will not be captured in DMSS. 
Fourth, despite use of standardized sur-
veillance case defi nitions, DMSS data still 
depend on individual providers entering 
correctly coded diagnoses into the medi-
cal record. If providers misdiagnosed 
a condition (e.g., if a case of meningi-
tis was secondary to WNV, the diagnosis 
may only be recorded as meningitis), this 
would result in under-reporting and an 
underestimate of frequency of infection. 
Finally, the study design resulted in diff er-
ential follow-up because SMs enrolled in 
the cohort earlier in the study period were 
necessarily followed for a greater amount 
of time compared to those enrolled in 
later years.

 Th is study has several strengths: fi rst, 
the sample size of 1,127 makes this the larg-
est exploration of data about SM recipients 
of non-FDA-compliant blood products to 
date. Second, vetting the BLB program 
data against DMSS data improves the sen-
sitivity of this study’s ability to identify a 
TTI as well as provide a means to poten-
tially identify two diseases for which no 
laboratory testing was performed at the 
time of transfusion (T. cruzi and WNV). 
Additionally, DMSS aids in this study’s 
ability to identify and track individuals 
who did not complete BLB program rec-
ommended follow-up. Th ird, standard 
procedure within the BLB program was 
to rigorously follow and confi rm potential 
positive laboratory tests. Th is practice fre-
quently involved testing for the presence of 
the infectious agent’s DNA or RNA. Addi-
tionally, donor serums could be screened 
for TTIs if recipients declined to com-
plete recommended follow-up. In the case 
of the recipient identifi ed as an incident 
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hIV prevention eff orts are chal-
lenged by the recognition of 
recent increases in the incidence 

of sexually transmitted infections (STIs). 
Yearly increases in the rates and numbers 
of cases of Neisseria gonorrhoeae (GC) and 
Chlamydia trachomatis (CT) infection were 
observed during 2009–2012 in the U.S.1 
Certain population subgroups, such as men 
who have sex with men (MSM), are dispro-
portionally aff ected by STIs, and both GC 
and CT infections are increasingly recog-
nized among this subgroup.2 Moreover, a 
study in HIV-infected MSM has demon-
strated that tests for pharyngeal and rectal 
GC and CT infections were positive two to 
three times as oft en as simultaneously col-
lected tests for urethral infections.3 Th e 
detection and treatment of STIs remain an 
important component of HIV care in the 
military; one study reported new STIs in 
approximately one-third of HIV-seropos-
itive active duty military members aft er 
HIV diagnosis.4 Th is study was undertaken 
to evaluate the hypothesis that detection 
of GC and CT infections among HIV-
infected active duty members of the U.S. 
Air Force (USAF) would increase with 

implementation of screening for extrageni-
tal infections. Th e impact of extragenital 
screening methods was assessed by com-
paring the frequency of GC/CT detec-
tion before and aft er commencement of 
an expanded screening program, including 
pharyngeal and rectal testing, in addition 
to standard urethra screening.

M E T H O D S

During mandated clinic visits every 
6–12 months, the Infectious Disease clinic 
at the San Antonio Military Medical Center 
(SAMMC) evaluates all active duty USAF 
members diagnosed with HIV infection. 
Routine screening for GC/CT infection 
at extragenital sites began on 1 February 
2013. Th e study team conducted a retro-
spective review of clinical and laboratory 
data collected from all HIV-infected active 
duty USAF members evaluated at SAMMC 
between 1 January 2010 and 31 May 2014. 
Th is quality improvement project was 
approved by the SAMMC Institutional 
Review Board.

Th is study evaluated the hypothesis that detection of Neisseria gonorrhoeae 
(GC) and Chlamydia trachomatis (CT) infections among HIV-infected active 
duty members of the U.S. Air Force would increase aft er expanding screen-
ing to include extragenital infections. Before and aft er the start of extrageni-
tal screening, urethral screening was positive for GC/CT in 2.9% and 1.9% of 
HIV-infected service members. Much higher proportions of rectal (11.1%) 
and pharyngeal (21.9%) specimens were found to be positive for GC or CT 
aft er starting extragenital screening. Only 5.9% of the extragenital positive 
specimens were associated with positive urethra specimens. Circumstances 
that warrant routine extragenital screening and the potential benefi ts are 
discussed.

  Evaluation of Extragenital Screening for Gonorrhea and Chlamydia in HIV-infected 
Active Duty Air Force Members
Shane B. Patterson, MD (Capt, USAF); Daniel Rivera; T.S. Sunil, PhD, MPH; Jason F. Okulicz, MD (Lt Col, USAF) 

Patients’ specimens were screened 
for asymptomatic GC/CT infection by 
nucleic acid amplifi cation testing (NAAT) 
with one or more of the following collec-
tion methods: fi rst-void urine sample, pos-
terior pharyngeal swab, and rectal swab. 
For extragenital screening, the SAMMC 
laboratory validated the Aptima Combo 2 
Assay (Hologic/Gen-Probe Inc., San Diego, 
CA) according to the Clinical Labora-
tory Improvement Amendments (CLIA) 
standard. From 1 January 2010 through 
31 January 2013, screening for GC/CT 
was performed every 6 months by urine 
NAAT only. Screening was performed at 
all three anatomic sites aft er 1 February  
2013, and patients with a positive GC/CT 
test had repeat three-site testing performed 
at the next visit, whereas patients with 
negative three-site testing were screened 
by urine only at the next follow-up and 
extragenital screening was repeated dur-
ing the subsequent visit. Th e prevalences 
of GC and CT infections were compared 
by anatomic site and the factors associated 
with GC/CT detection were calculated by 
odds ratios (ORs) using IBM SPSS Statis-
tics 22.0, (SPSS Statistics, Chicago, IL).

R E S U L T S

A total of 316 patients were tested for 
GC/CT during the evaluation period; 307 
(97.2%) were men (Table 1). Th e major-
ity of patients were enlisted service mem-
bers (n=280, 88.6%) and the mean age 
at fi rst GC/CT testing during the study 
period was 31 years. Sexual history for 
men showed a high proportion of sex with 
males, as 225 (73.3% of males) were MSM 
and 25 (8.1% of males) were bisexual. Th e 
remaining men reported sex with women 
only (n=49, 16%) or their sexual prac-
tices were undisclosed or unknown (n=8, 
2.6%). All HIV-infected women (n=9) 
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reported sex with men only.
Either GC or CT was detected in the 

urethra site in 36 of 1,253 tests (2.9%) 
before, and in nine of 486 tests (1.9%) aft er, 
implementation of extragenital screen-
ing (Table 2). However, much higher pro-
portions of rectal (11.1%) and pharyngeal 
(21.9%) specimens were positive for GC 
or CT aft er starting extragenital screening. 
Only 6 (5.9%) of the 102 infections detected 
by extragenital testing had positive urethra 

screening results. A total of eight patients 
had dual infections with both GC and 
CT on the same testing date and all were 
detected by extragenital methods. Of the 
nine women, only two had STIs detected 
(one each GC and CT by urethra testing). 
Factors associated with GC/CT detection 
included use of extragenital testing (odds 
ratio [OR] 7.49, 95% confi dence inter-
val [CI], 5.18–10.74; p<0.001), enlisted 
duty status (  OR 3.09, 95% CI, 1.06–9.02; 
p=0.039), and age below mean at testing 
(OR 1.98, 95% CI, 1.16–3.36; p=0.012); 
a trend was observed for MSM/bisexual 
behaviors (OR 1.61, 95% CI, 0.89–2.91; 
p=0.114).

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

Extragenital GC and CT infections 
have been recognized as relatively com-
mon among high-risk populations, so the 
screening of such populations is recom-
mended in the Centers for Disease Con-
trol and Prevention STI guidelines and the 
Infectious Disease Society of America HIV 
primary care guidelines.5,6 Th is analysis 
demonstrated a high proportion of GC/CT 
detected in HIV-infected USAF members 
with longitudinal testing aft er the imple-
mentation of an extragenital screening pro-
gram. Overall, extragenital testing resulted 
in a 7-fold increase in GC/CT detection and 
more than 90% of cases would have been 

missed by urethra screening alone. Th ese 
fi ndings are also consistent with a cross-
sectional study of HIV-infected Navy and 
Marine Corps active duty members, which 
reported a GC/CT prevalence of 24% with 
use of extragenital screening methods.7 

Improving the screening and detection 
of GC and CT in HIV-infected persons is 
important for several reasons. Extrageni-
tal GC/CT infections are unlikely to be 
detected because 90% of these infections 
are asymptomatic and patients do not seek 
care.8,9 For example, when screening is based 
upon the presence of symptoms or other 
history among MSM, 49%–60% of rectal 
GC/CT infections are missed compared 
to universal testing of patients regardless 
of history.10 Because the majority of men 
in this analysis reported MSM behaviors, 
the implementation of universal testing of 
extragenital sites was particularly impor-
tant and likely contributed to the observed 
increase in GC/CT detection. Extragenital 
screening also plays a signifi cant role in STI 
prevention as the pharynx and rectum may 
serve as undetected reservoirs of ongoing 
GC/CT transmission and may persist for 
many months if untreated.11–13 GC and CT 
infections can also potentiate HIV acquisi-
tion and transmission.14 

Studies have shown that extrageni-
tal screening is relatively infrequent out-
side of STI and HIV specialty clinics.15,16 
Th e results of this study and the fi ndings 
from other studies suggest that clinicians 

Demographic characteristics No. (%)

Total no. of subjects 316

U.S. Air Force

Active duty 289 (91.5)

National Guard/Reserves 27 (8.5)

Gender

Male 307 (97.2)

Female 9 (2.8)

Rank

Enlisted 280 (88.6)

Offi cer 36 (11.4)

Sexual practice

Males 307

     MSM 225 (73.3)

     Bisexual 25 (8.1)

     MSW 49 (16.0)

     Unknown/unreported 8 (2.6)

Females 9

     Sex with men only 9 (100)

HIV characteristics Mean (SD)

Age at HIV diagnosis, years 29 (±7.2)

Age at fi rst GC/CT test, years 31 (±8.7)

CD4 count at HIV diagnosis  
(cells/uL) 539 (±237)

Viral load at HIV diagnosis 
(log10 copies/mL) 4.20 (±0.93)

SD=standard deviation; GC=Neisseria gonorrhoeae; 
CT=Chlamydia trachomatis; MSM=men who have 
sex with men; MSW=men who have sex with 
women

T A B L E  1 .   Characteristics of Air Force 
active duty members with HIV infection 
who received periodic evaluations at San 
Antonio Military Medical Center, 2010–
2014

T A B L E  2 .   Gonorrhea and chlamydia test results by anatomic site, HIV-infected service 
members, before and after implementation of extragenital screening

Screening 
perioda GC or CT infection GC CT

Single-sitea Cases Total 
tests

Prevalence 
(%) Cases Total 

tests
Prevalence 

(%) Cases Total 
tests

Prevalence 
(%)

Urethra 36 1,253 2.9 13 1,253 1.0 23 1,253 1.8

Multi-siteb Cases Total 
tests

Prevalence 
(%) Cases Total 

tests
Prevalence 

(%) Cases Total 
tests

Prevalence 
(%)

Urethrac 9 486 1.9 4 486 0.8 5 486 1.0
Rectum 34 305 11.1 13 305 4.3 21 305 6.9
Pharynx 68 310 21.9 48 310 15.5 20 310 6.5

GC=Neisseria gonorrhoeae; CT=Chlamydia trachomatis
a1 January 2010 through 31 January 2013
b1 February 2013 through 31 May 2014
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campylobacter jejuni is among the 
most common food- and water-
borne bacterial pathogens impli-

cated in disease outbreaks in the U.S. and 
worldwide.1 Although most sporadic cases 
and small outbreaks have been linked to 
food or unpasteurized dairy products,1 the 
larger epidemics of Campylobacter enteri-
tis have resulted from drinking contami-
nated water.2–17 Untreated surface water 
was implicated in outbreaks among hikers 
in the Rocky Mountains,5 soldiers in Fin-
land,6 at a kibbutz near Jerusalem,7 and 
a community in Norway.8 In other out-
breaks, municipal water systems were con-
taminated with Campylobacter.2–4, 9–11

Campylobacter is inoculated into water 
in animal feces. In several reported water-
borne outbreaks, birds or other animals 
had access to drinking water at its source 

or during treatment.3–8, 12, 13 Th e use of sero-
typing methods of Lior18 or Penner19 on 
Campylobacter isolates from water, ani-
mals, and humans during outbreaks has 
helped identify likely sources of contami-
nation.5, 6, 8, 12, 14–16

Th is report describes an outbreak of 
enteritis that occurred primarily among 
recruits and cadets living in adjacent bar-
racks areas at Fort Knox, KY, between 22 
May and 14 June 1990. Th is outbreak, 
caused by C. jejuni of a single serotype, 
exhibited many features of transmission 
associated with a common source of drink-
ing water.

Th e outbreak was fi rst recognized 
when 17 recruits from the reception bar-
racks area were admitted to the post hos-
pital with acute gastroenteritis on 27 and 
28 May. Isolation of C. jejuni from stool 

An outbreak of acute gastroenteritis involving 249 persons, 32% of whom 
were hospitalized, occurred on a U.S. Army installation in 1990. Campylo-
bacter jejuni was isolated from 81 of 163 (50%) persons cultured. Seventeen 
isolates of C. jejuni available for serotyping were Lior serotype 5. Th e outbreak 
remained restricted to one recruit barracks area and adjacent Junior Reserve 
Offi  cer Training Corps cadet barracks. Infection of sequential cohorts of 
recruits over an interval of 3 weeks suggested a continuing or intermittent 
common source. Contaminated food was not implicated because aff ected 
persons ate at separate dining facilities and other facilities with the same food 
sources had no associated illnesses. Th ere was a strong association between 
the amount of water consumed by recruits and risk of diarrhea (chi-square 
test for trend, p<0.001). Samples of drinking water collected in the aff ected 
area had no residual chlorine and when cultured yielded greater than 200 
colonies of coliform bacteria per 100 mL of water sampled. Although Cam-
pylobacter was not isolated from water, living and dead birds were found in 
an elevated water storage tank providing drinking water to the aff ected area. 
Th is and other similar outbreaks indicate that contamination of water storage 
tanks can lead to large outbreaks of Campylobacter enteritis.

An Outbreak of Campylobacter Enteritis Associated with a Community Water 
Supply on a U.S. Military Installation
  Robert F. DeFraites, MD, MPH (COL, USA, Ret.); José L. Sánchez, MD, MPH (COL, USA, Ret.); Cynthia A. Brandt, MD, MPH; Robert P. 
Kadlec, MD, MTM&H (Col, USAF, Ret.); Richard L. Haberberger, PhD (CAPT, USN, Ret.); Jenny J. Lin, MD, MPH; David N. Taylor, MD, MSc 
(COL, USA, Ret.)

specimens from several recruits resulted 
in an investigation focused initially on 
the local dining facility. Shortly thereaft er, 
additional cases of acute diarrhea were rec-
ognized in an adjacent barracks area hous-
ing Junior Reserve Offi  cer Training Corps 
(JROTC) cadets.

M E T H O D S

Fort Knox is a 170-square-mile (440 
km2) Army training installation located 40 
km southwest of Louisville, KY (May 1990 
population: 10,950 soldiers and civilian 
workers and 11,000 family members). On 
an average day in 1990, an additional 6,000 
soldiers engaged in basic and advanced 
military training there.

Upon arrival at Fort Knox, new 
recruits were routinely restricted to the 
reception barracks area for several days of 
orientation. Each evening, 20–40 recruits 
arrived in this area (560 × 250 m, contain-
ing 94 buildings) (Figure 1). Over several 
days, approximately 150 recruits would be 
organized into one company and move to 
another area to begin basic combat train-
ing. Between 22 May and 8 June 1990, 622 
recruits arrived and lived for several days in 
the reception barracks. During the period 
of the outbreak, all recruits in this area ate 
at the dining facility in building No. 7089 
(X, Figure 1).

A total of 421 high school students 
(JROTC cadets) from several schools in 
Kentucky and Tennessee participated in a 
summer camp at Fort Knox 3–9 June 1990. 
In contrast to recruits, all cadets arrived 
and departed together. During the camp, 
they lived in a barracks area (approxi-
mately 250 × 460 m) located immediately 
northeast of the reception area and ate at 
two other dining facilities in building Nos. 
6891 and 6824 (Y and Z, Figure 1). Cadets 
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were organized into Companies B, C, and 
E, each of which was subdivided into four 
platoons of 30–40 cadets each.

Initially, 46 recruits with acute gastro-
enteritis (diarrhea, nausea, vomiting, or 
abdominal cramps with or without fever) 
with onset since arrival at Fort Knox were 
included in the investigation. All ill recruits 
had arrived on post aft er 21 May. Rectal 
swabs (one or two per person) were taken 
for culture of enteric bacteria, including 
Campylobacter. A total of 30 asymptom-
atic recruits (each chosen at random from 
the same company as a case recruit) were 
selected as initial controls and had cultures 
obtained. As gastroenteritis case patients 
were identifi ed among the cadets, they were 
questioned and cultures were obtained 
from them in a similar manner. Cultures 
were eventually obtained from 163 recruits, 
cadets, and Fort Knox staff . Case and con-
trol recruits and others who were inter-
viewed as part of the investigation were 
asked to permit a blood draw for Campylo-
bacter serologic studies between 6–14 June 

and 9–13 July for acute and convalescent 
phase antibody titers, respectively. One or 
more serum specimens were obtained from 
98 recruits, cadets, and staff .

Th e three dining facilities in the two 
aff ected areas were inspected. Menus, work 
schedules, and procedures for procure-
ment, distribution, and storage of food 
were examined. Staff  at the dining facili-
ties were examined and had rectal swabs 
for culture taken. Swabs from food prepa-
ration surfaces from the dining facilities 
and foods (uncooked refrigerated ham-
burger, sliced bologna, eggs, whole eviscer-
ated frozen chicken, and frozen fi sh) from 
the recruit dining facility were cultured for 
Campylobacter.

Drinking water at Fort Knox was 
supplied by a common distribution sys-
tem from two treatment plants featuring 
sand fi ltration with full chemical treat-
ment, including chlorination and fl uori-
dation. Overall pressure in the system was 
maintained by fi ve elevated 500,000 gal 
(1.9 million L) storage tanks, one of which 

was located between the recruit reception 
area and the cadet barracks. During peri-
ods of increased demand, water was pas-
sively diverted to the distribution system 
from these tanks. For routine surveillance, 
tap water samples (100 mL) taken at sites 
throughout the post were checked for resid-
ual chlorine concentration and cultured for 
coliform bacteria using a membrane fi lter 
culture technique. Colony counts above 
200 per 100 mL sample were considered 
“too numerous to count.” During this out-
break, water sampling was increased in the 
aff ected areas. Samples were obtained from 
several buildings on 4 and 7 June. Also, tap 
water (1,000 cc) from several buildings and 
10 pounds of ice from the ice machine in 
the recruit dining facility were cultured for 
Campylobacter.

Recruits of one company (n=141) cho-
sen because of its availability and a high 
diarrhea attack rate (69.5%), completed 
questionnaires regarding the type and 
amount of oral fl uids (milk, water, soda, 
etc.) consumed in the reception area. Th e 

F I G U R E  1 .  Enlarged detail of the 6800 (JROTC Barracks) and 7100 (Recruit Reception Battalion) areas, Fort Knox, KY, showing locations 
of water storage tank and dining facilities in building Nos. 7089 (X), 6891 (Y), and 6824 (Z)
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survey was conducted on 14 June, 14–22 
days aft er these recruits arrived on post.

Stool and rectal swab specimens were 
cultured for all common enteric bacterial 
pathogens. For isolation of Campylobacter, 
specimens were plated on Campy-BAP 
media, incubated under microaerophilic 
conditions, and serotyped by the Lior 
method.18 Serum antibody titers were 
determined with an enzyme-linked immu-
nosorbent assay (ELISA) utilizing an outer 
membrane protein antigen from C. jejuni 
Penner serotypes 1, 2, and 3.20 Acute and 
convalescent sera from two subjects chal-
lenged with C. jejuni 81–176 (Penner 
23/36, Lior 5) by Black et al.21 were used 
as controls. 

All data were entered into a computer-
ized database and analyzed using EPI Info22 
and SAS (SAS Institute, Inc., Cary, NC). All 
statistical tests were two-tailed unless oth-
erwise noted.

R E S U L T S

A total of 249 persons fi t a case defi -
nition of acute gastroenteritis with onset 
between 22 May and 14 June. Cases were 
predominantly males (92%), and the aver-
age age was 20.2 (±5.4 SD) years; 86% were 
recruits or cadets. Other military and civil-
ian personnel comprised the remainder of 
cases. Figure 2 illustrates the progression 
of the outbreak from its origin among the 
recruits to the involvement of the cadets.

A total of 79 persons with gastroenteri-
tis were admitted to the post hospital for a 
median of 3 days (range 1–13) during this 
period. Inpatients were more likely than 
outpatients to have stool or rectal swab cul-
tures positive for Campylobacter (70% vs. 
39%, p=0.0005), and more severe illness, 
with fever (44.6% vs. 19.6%, p<0.0001), and 
headache (36.5% vs. 23.1%, p=0.03).

Because groups of susceptible recruits 
arrived at Fort Knox throughout the out-
break, the attack rate for each cohort could 
be determined (Table 1). Th e earliest cohort 
experienced a much higher overall rate of 
diarrhea than later ones (chi-square test, 
p<0.001). Because the time of exposure to 
infection was unknown, exact incubation 
periods cannot be determined. However, 
because the earliest possible exposure for 

recruits and cadets was upon arrival, the 
interval between arrival date and onset of 
symptoms was used to estimate the maxi-
mum potential incubation period. For 
cadets, the median interval was 3 days 
(range 1–8 days). For recruits, this inter-
val varied among cohorts (Table 1). Because 
exposure may have occurred any time aft er 
arrival, longer intervals experienced by 
some members of the earliest recruit cohort 
may represent delayed exposures, rather 
than longer incubation periods. Multiple 
exposures to Campylobacter while in the 
reception area may have resulted in the 
higher attack rate for this cohort.

Th e highest attack rate among cadets 
occurred in Company E. A total of 55 
cadets (32.3%) in this company had acute 
gastroenteritis, while 9.3% of Company C 
and 3.25% of Company B were aff ected. 
Within Company C, the attack rate was 
much lower among fi rst and second pla-
toons (one ill of 58, 1.7%) than among 
third and fourth platoons (11 of 70, 15.7%). 
Th ird and fourth platoons ate at the same 
dining facility in building No. 6891 (Y, Fig-
ure 1) as Company E, while the fi rst two pla-
toons ate with Company B in building No. 
6824 (Z, Figure 1). Unlike Company C, for 
platoons within Companies B and E, there 

F I G U R E  2 .  Acute gastroenteritis cases among recruits and JROTC cadets, Fort Knox, KY, 
May–June 1990
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T A B L E  1 .   Acute enteritis among successive cohorts of recruits in reception area, by 
week of arrival, Fort Knox, KY, 1990

Week Dates of
arrival

No. in
cohort AR (%) Maximum potential incubation period, daysa

Meanb (±SD) Median (Range)

1 20–26 May 173 41.6 5.9 (±3.6) 5 (<1–18)

2 27 May–2 June 201 12.4 4.1 (±2.8) 3 (1–13)

3 3–8 June 248 7.3 3.9 (±2.0) 4 (1–8)

Total 622 18.5

aDays between earliest possible exposure (date of arrival) and onset of symptoms
bp=0.01 for difference among means, Kruskal-Wallis one-way ANOVA
AR=attack rate; SD=standard deviation
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was no diff erence in platoon-specifi c attack 
rates.Th ere also was no diff erence in sleep-
ing barracks-specifi c attack rates among 
the cadets.

Stool or rectal swabs from 81 of 163 
persons cultured were positive for Campy-
lobacter. No other bacterial pathogens were 
isolated. C. jejuni was cultured from per-
sons with onset of illness between 24 May 
and 13 June. A total of 17 isolates remained 
viable for serotyping; all were found to be 
Lior serotype 5. Th is serotype was isolated 
from four recruits present in the recep-
tion area for only the fi rst week of the out-
break, two whose earliest possible exposure 
occurred much later (5 June), three cadets, 
and a soldier from another unit at Fort 
Knox who visited the reception area on 7 
June, drank from a water fountain there, 
and developed diarrhea within 48 hours.

Eight of 32 asymptomatic persons 
(25%) cultured in the course of the study 
tested positive, suggesting that infection 
without symptoms was common. Sero-
logic results from recruits and cadets 
also suggested that asymptomatic infec-
tion occurred during this outbreak, even 
among those who had negative cultures. Of 
71 persons for whom complete symptom 
histories, cultures, and serologic results 
were all obtained 52 (73%) had diarrhea, 
44 (62%) had positive cultures, and 52 
(73%) exhibited a positive serum antibody 
response (Table 2).

Th ere were no increased diarrhea rates 
outside the recruit and cadet areas on Fort 
Knox or in adjacent communities. All per-
sons with positive Campylobacter cultures 
had been present in the recruit reception 
area or the cadet camp before 9 June, the 
day all dining facilities in these areas were 
closed and water use banned.

Food recall histories did not implicate 
any meal or food item as potential sources 
of infection. All milk, meat, poultry, and 
eggs were purchased in bulk from commer-
cial sources. Items served in the implicated 
dining facilities were also distributed to 23 
other dining facilities and the post com-
missary. Th e dining facilities had no staff  in 
common and did not share utensils or left -
over foods. Cultures of the food, ice, and 
surfaces in the dining facilities were nega-
tive for Campylobacter.

Th ree food handlers in the recruit 

dining facility had diarrhea. One food han-
dler had diarrhea on 26 May and worked 
while ill that day; another developed diar-
rhea at the end of her last work shift  3 June. 
Rectal swab cultures from both were posi-
tive for Campylobacter. A third cook became 
ill on 27 May but did not work while sick. 
Although none of the staff  of the cadet din-
ing facilities were ill, one of the workers at 
the cadet facility associated with the higher 
attack rates had a positive culture.

Two water samples taken from the 
recruit dining facility on 4 June were neg-
ative for bacteria and had residual con-
tent of 0.4 and 0.5 mg chlorine per liter, 
respectively. Specimens taken on 7 June 
from this and the other dining facilities 
in the aff ected areas had no residual chlo-
rine. Coliform bacteria (>200 colonies per 
100 mL at two sites) were cultured from 
these and repeated samples the following 
day, although no Campylobacter were iso-
lated from water. As part of routine drink-
ing water surveillance, water samples taken 
from other areas of Fort Knox during that 
week had chlorine residuals and were 
negative for bacteria. An informal sur-
vey of workers in the recruit barracks area 
revealed several who reported diarrhea but 
denied eating in any of the dining facilities. 
On 8 June, a ban on drinking tap water was 
imposed in the aff ected area.

Th e water distribution system in sev-
eral buildings in the involved areas was 
examined by maintenance personnel. 
Th ere was no evidence of either sewage 

cross connections or back-siphoning of 
wastewater into the distribution system.

Th e elevated water storage tank in the 
recruit area (Figure 3) was inspected and 
partially drained by maintenance workers 
late in the evening of 8 June. Starlings were 
observed fl ying in and around an open tank 
access door. A 60-cm-thick sludge layer 
inside the tank was reported to contain the 

F I G U R E  3 .  Water storage tank in reception 
battalion area, Fort Knox, KY, May–June 
1990

T A B L E  2 .   Relationship of serologic (ELISA) and Campylobacter culture results with 
symptoms in recruits, cadets, and staff (n=71),a Fort Knox, KY, May–June 1990 

Had
diarrhea

n=52

No
diarrheab

n=19

Culture Culture
Pos. Neg. Pos. Neg.

ELISA + (Pos)c 33 8 7 4
ELISA - (Neg) 4 7 0 8

Totals 37 15 7 12

aAll were present in the cadet or recruit reception areas during the outbreak and were potentially exposed to infection.
bOf 19 (89%) persons tested, 17 had no gastrointestinal symptoms (diarrhea, nausea, vomiting, abdominal cramps).

cA single ELISA titer of 1.4 optical density (OD) units (three SD above the mean OD for the negative controls), or a 
2-fold increase in OD between acute and convalescent sera.

Photo credit: WRAIR Department of Field Studies
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remains of several birds. Skeletal remains 
of birds also were observed in the drainage 
area at the base of the tank. Th e tank was 
fl ushed, disinfected, and refi lled. Unfortu-
nately, no sludge or water from the tank 
was available for culture for Campylobacter.

A total of 141 recruits completed the 
survey; 90 (63.8%) had diarrhea with onset 
48 hours or more aft er arrival at Fort Knox, 
the time frame used to defi ne cases for this 
part of the analysis. A total of 29 (32.2%) of 
these cases were positive by culture and/or 
had serologic evidence of recent infection 
with Campylobacter.

Responses from 87 cases and 47 con-
trols were suffi  ciently complete for analysis. 
Each day in the reception area, they drank 
a median of 14 8-oz (250 mL) glasses of 
water, or drinks made with tap water, such 
as non-carbonated soft  drinks.

Cases reported higher total daily intake 
of these fl uids (mean 16 glasses, p<0.001), 
water (mean 13.8 glasses, p<0.001), and 
water at the dining facility (mean 4.8 
glasses, p<0.001).

Th ere were no diff erences in glasses of 
milk (1.6 vs. 1.7 per day), water in the bar-
racks (4.3 vs. 3.6 glasses per day), or ice use 
(1.8 vs. 1.4 times per day) between cases 
and non-cases.

Th e attack rates for diarrhea were 
higher among those who drank larger 
amounts of water while in the reception 
area. Table 3 shows the association between 
daily intake of water and diarrhea attack 
rate (chi-square test for trend, p<0.001). 

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

Foodborne transmission in this out-
break was probably of minor signifi cance. 
Although infected food handlers and con-
taminated food preparation surfaces have 
been implicated in several small outbreaks 
of Campylobacter enteritis,23–25 the dura-
tion of transmission was usually limited 
to several hours. By continuing to work 
while ill, infected food handlers in this out-
break may have aided transmission for up 
to several days. However, infections occur-
ring in recruits arriving on post over the 
3 weeks of apparent risk suggest repeated 
exposures to a common source. Despite 

the failure to isolate Campylobacter from 
water, this continuous or intermittent 
exposure and other characteristics of the 
outbreak support waterborne transmission 
from the contaminated storage tank. Isola-
tion of a single serotype from 17 persons 
at Fort Knox suggests a common source of 
infection.14 A dose-response relationship 
between amount of water consumed and 
attack rate of Campylobacter enteritis has 
been reported.2, 4, 9–11, 17 Th e relatively large 
amount of water consumed by the recruits 
may refl ect the emphasis on fl uid intake 
for heat injury prevention during basic 
training. A similar relationship between a 
large amount of water consumed and risk 
of infection was found in shop workers in 
Quebec who drank more than 10 glasses of 
water per day.10

Birds have been implicated in several 
waterborne Campylobacter outbreaks.4,6, 

12,13,15 Although most outbreaks occurred 
in non-chlorinated water systems, others 
involved systems where chlorine was pres-
ent but was apparently inadequate to pre-
vent infection.4,14,16

C. jejuni survives longer in colder 
water.26 Most outbreaks have implicated 
cold water sources such as ground water,8, 

16, 17 mountain streams or lakes,5 or snow 
melt.9 However, survival in warmer water 
also occurs, as shown by one outbreak in 
Florida in which birds had access to an 
open water treatment tower.4 Similar con-
ditions may have been present at Fort Knox.

Campylobacter had not been recog-
nized as a public health problem at Fort 
Knox before this outbreak. A total of 13 
unrelated cases of Campylobacter enteritis 
had occurred on Fort Knox in the previous 
18 months. Th e highest monthly case total 

during this time was four, in February and 
September 1989.

Symptoms of the last known case of 
enteritis associated with this outbreak 
began on 14 June. During the next 2 months, 
cultures from fi ve persons with diarrhea 
(of 206 at Fort Knox who were cultured) 
were positive for Campylobacter; one was 
serotyped (Lior type 1). Only four of 563 
stool cultures obtained throughout 1991 
grew Campylobacter. Continued increased 
drinking water surveillance in the aff ected 
areas did not indicate any subsequent con-
tamination or lapses in chlorination.  

Perhaps the water tank in the recruit 
area had been recently contaminated. Also, 
all cadet barracks and many recruit barracks 
had been recently opened aft er months of 
vacancy. Restoration of water circulation 
and increased fl ow in these areas would 
have disturbed sediment in pipes that may 
have been previously inoculated from the 
tank, increasing the chlorine demand and 
causing depletion of free chlorine.

Th e large volume of water used for 
drinking and food preparation may help 
explain the association of infection with 
dining facilities. Th e two dining facili-
ties associated with high diarrhea attack 
rates (the recruit dining facility and the 
cadet dining hall in building No. 6891) are 
located closest to the implicated water tank 
(236 and 305 m, respectively). Water con-
taminated from the tank may have been 
diluted from the remainder of the distribu-
tion system before reaching the other cadet 
dining hall (building No. 6824, 381 m).

Th e risk of exposure through commu-
nity water supplies remains. In a study of 
262 outbreaks of Campylobacter reported 
in the U.S. between 1997 and 2008, Taylor 

T A B L E  3 .   Diarrhea attack rate among recruits, by reported daily water consumption 
while assigned to reception battalion, Fort Knox, KY, May–June 1990 
Daily water intake
(No. of glasses)a Casesb Non-

cases Total Attack
ratec

0–6 6 11 17 35.3%
7–12 32 23 55 58.2%

13 or more 49 13 62 79.0%

a8 ounces (250 mL) equivalent.
bCases are defi ned as recruits reporting acute diarrhea with onset at least 48 hours after arrival at Fort Knox, KY.
cChi-square test for trend, p<0.001
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Deployment-related Conditions of Special Surveillance Interest, U.S. Armed Forces, 
by Month and Service, January 2003–October 2014 (data as of 18 November 2014)

Amputations (ICD-9-CM: 887, 896, 897, V49.6 except V49.61–V49.62, V49.7 except V49.71–V49.72, PR 84.0–PR 84.1, except PR 84.01–
PR 84.02 and PR 84.11)a

Reference: Army Medical Surveillance Activity. Deployment-related condition of special surveillance interest: amputations. Amputations of lower and upper extremities, U.S. Armed 
Forces, 1990–2004. MSMR. Jan 2005;11(1):2–6.
aIndicator diagnosis (one per individual) during a hospitalization while deployed to/within 365 days of returning from deployment.

Heterotopic ossifi cation (ICD-9: 728.12, 728.13, 728.19)b 

Reference: Army Medical Surveillance Activity. Heterotopic ossifi cation, active components, U.S. Armed Forces, 2002–2007. MSMR. Aug 2007; 14(5):7–9.
bOne diagnosis during a hospitalization or two or more ambulatory visits at least 7 days apart (one case per individual) while deployed to/within 365 days of returning from deploy-
ment.

5.6/mo 10.8/mo 12.5/mo 13.3/mo 16.9/mo 7.8/mo 7.3/mo 16.6/mo 21.8/mo 12.1/mo 3.3/mo 0.8/mo

0.8/mo 2.6/mo 5.2/mo 7.7/mo 10.7/mo 9.1/mo 5.2/mo 6.3/mo 10.3/mo 9.6/mo 5.5/mo 3.2/mo
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Deployment-related Conditions of Special Surveillance Interest, U.S. Armed Forces, 
by Month and Service, January 2003–October 2014 (data as of 18 November 2014)

Traumatic brain injury (TBI) (ICD-9: 310.2, 800–801, 803-804, 850–854, 907.0, 950.1–950.3, 959.01, V15.5_1–9, V15.5_A–F, V15.52_0–9, 
V15.52_A–F, V15.59_1–9, V15.59_A–F)a
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Reference: Armed Forces Health Surveillance Center. Deriving case counts from medical encounter data: considerations when interpreting health surveillance reports. MSMR.  
2009; 16(12):2–8.
aIndicator diagnosis (one per individual) during a hospitalization or ambulatory visit while deployed to/within 30 days of returning from deployment (includes in-theater medical en-
counters from the Theater Medical Data Store [TMDS] and excludes 4,600 deployers who had at least one TBI-related medical encounter any time prior to deployment).

Reference: Isenbarger DW, Atwood JE, Scott PT, et al. Venous thromboembolism among United States soldiers deployed to Southwest Asia. Thromb Res. 2006;117(4):379–383.
bOne diagnosis during a hospitalization or two or more ambulatory visits at least 7 days apart (one case per individual) while deployed to/within 90 days of returning from
deployment.

Deep vein thrombophlebitis/pulmonary embolus (ICD-9: 415.1, 451.1, 451.81, 451.83, 451.89, 453.2, 453.40–453.42 and 453.8)b

8.3/mo 12.8/mo 12.4/mo 16.0/mo 19.8/mo 15.5/mo 16.3/mo 18.3/mo 19.9/mo 14.1/mo 6.5/mo 4.3/mo

51.5/mo 71.7/mo 130.9/mo 241.6/mo 502.7/mo 564.7/mo 450.9/mo 577.5/mo 632.0/mo 409.3/mo 214.0/mo 92.2/mo
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Deployment-related Conditions of Special Surveillance Interest, U.S. Armed Forces, 
by Month and Service, January 2003–October 2014 (data as of 18 November 2014)

Severe acute pneumonia (ICD-9: 518.81, 518.82, 480–487, 786.09)a

Leishmaniasis (ICD-9: 085.0–085.9)b

1.8/mo 0.3/mo 1.0/mo 1.1/mo 1.0/mo 0.7/mo 0.8/mo 0.9/mo 0.7/mo 0.5/mo 0.3/mo 0.2/mo

42.7/mo 46.5/mo 14.0/mo 8.8/mo 4.5/mo 4.7/mo 3.3/mo 5.5/mo 3.1/mo 2.2/mo 0.8/mo 0.9/mo

Reference: Army Medical Surveillance Activity. Deployment-related condition of special surveillance interest: severe acute pneumonia. Hospitalizations for acute respiratory failure 
(ARF)/acute respiratory distress syndrome (ARDS) among participants in Operation Enduring Freedom/Operation Iraqi Freedom, active components, U.S. Armed Forces, January 
2003–November 2004. MSMR. Nov/Dec 2004;10(6):6–7.
aIndicator diagnosis (one per individual) during a hospitalization while deployed to/within 30 days of returning from OEF/OIF/OND.

Reference: Army Medical Surveillance Activity. Deployment-related condition of special surveillance interest: leishmaniasis. Leishmaniasis among U.S. Armed Forces, January 
2003–November 2004. MSMR. Nov/Dec 2004;10(6):2–4.
bIndicator diagnosis (one per individual) during a hospitalization, ambulatory visit, and/or from a notifi able medical event during/after service in OEF/OIF/OND.
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Motorcycle accident-related hospitalizations

Other MVA-related hospitalizations

Deployment-related Conditions of Special Surveillance Interest, U.S. Armed Forces, 
by Month and Service, January 2003–October 2014 (data as of 18 November 2014)

Deaths following motor vehicle accidents occurring in non-military vehicles and outside of the operational theater (per the DoD Medical 
Mortality Registry)

Reference: Armed Forces Health Surveillance Center. Motor vehicle-related deaths, U.S. Armed Forces, 2010. MSMR. Mar 2011;17(3):2–6.
Note: Death while deployed to/within 90 days of returning from OEF/OIF/OND. Excludes accidents involving military-owned/special use motor vehicles. Excludes individuals 
medically evacuated from CENTCOM and/or hospitalized in Landstuhl, Germany, within 10 days prior to death. 

Note: Hospitalization (one per individual) while deployed to/within 90 days of returning from OEF/OIF/OND. Excludes accidents involving military-owned/special use motor vehicles. 
Excludes individuals medically evacuated from CENTCOM and/or hospitalized in Landstuhl, Germany, within 10 days of another motor vehicle accident-related hospitalization.

Hospitalizations outside of the operational theater for motor vehicle accidents occurring in non-military vehicles (ICD-9-CM: E810–E825; 
NATO Standard Agreement 2050 (STANAG): 100–106, 107–109, 120–126, 127–129)
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Motorcycle accident-related deaths

Other MVA-related deaths
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