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Abstract

Background: The US military has seen steady increases in multidrug-resistant (MDR) gram-negative bacteria (GNB)
infections in casualties from Iraq and Afghanistan. This study evaluates the prevalence of MDR GNB colonization in
US military personnel.

Methods: GNB colonization surveillance of healthy, asymptomatic military personnel (101 in the US and 100 in
Afghanistan) was performed by swabbing 7 anatomical sites. US-based personnel had received no antibiotics within
30 days of specimen collection, and Afghanistan-based personnel were receiving doxycycline for malaria
chemoprophylaxis at time of specimen collection. Isolates underwent genotypic and phenotypic characterization.

Results: The only colonizing MDR GNB recovered in both populations was Escherichia coli (p=0.01), which was seen
in 2% of US-based personnel (all perirectal) and 11% of Afghanistan-based personnel (10 perirectal, 1 foot+groin).
Individuals with higher off-base exposures in Afghanistan did not show a difference in overall GNB colonization or
MDR E. coli colonization, compared with those with limited off-base exposures.

Conclusion: Healthy US- and Afghanistan-based military personnel have community onset-MDR E. coli colonization,
with Afghanistan-based personnel showing a 5.5-fold higher prevalence. The association of doxycycline prophylaxis
or other exposures with antimicrobial resistance and increased rates of MDR E. coli colonization needs further
evaluation.
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Background
Antimicrobial resistance of commonly recovered bac-
teria is a global threat [1]. The global impact of these
pathogens is demonstrated by incident infections and
colonization with multidrug-resistant (MDR) bacteria in
individuals returning from leisure travel [2], the identifi-
cation of novel resistance genes in patients seeking med-
ical care in other countries [3], the finding of novel
resistance genes in environmental sources such as drink-
ing water [4], and increasing reports of community-

acquired MDR-GNB infections, such as ESBL-producing
Escherichia coli urinary tract infections [5].
Since the beginning of combat operations in Iraq and

Afghanistan, the US military healthcare system has dealt
with steady increases in resistant organisms isolated
from wounded service members, similar to experiences
during international disaster relief and humanitarian
missions [6-10]. Potential sources of these MDR organ-
isms include inoculation of the wound with host normal
flora at the time of injury, wound contamination from
environmental soil or water organisms, or nosocomial
transmission during evacuation through medical facil-
ities. Previous studies have supported colonized local
national patients in Afghanistan as a likely source of
cross-contamination in deployed US hospitals, but to
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date have not targeted other potential mechanisms of
acquisition, such as MDR bacteria acquisition from envir-
onmental soil exposure or preexisting colonization of US
casualties who are injured [9,11]. Personnel deployed to
Afghanistan are also under antimicrobial pressure with
daily antimalarial chemoprophylaxis, which might alter an
individual’s colonizing pathogens. Given the reports of
increasing MDR pathogens isolated from healthy
people and from environmental sources such as drink-
ing water and food products, we evaluated colonization
rates of two distinct populations of military personnel:
healthy US military trainees who had not been deployed
and healthy, uninjured US service members currently
deployed to Afghanistan. The purpose of the study
was to determine the prevalence of MDR-GNB across
multiple anatomic sites in geographically distinct envir-
onments with different environmental exposures and
antimicrobial pressures.

Methods
Participants
The two populations under study included 101 non-deployed
healthy active duty service members in San Antonio, Texas
and 100 healthy active duty service members deployed to a
single province in Afghanistan. Participants were recruited
after they presented to their respective outpatient medical
clinic for acute, non-urgent/emergent care with no active in-
fection. All participants were 18 years or older and provided
written informed consent for study participation. The non-
deployed participants were excluded if they had recent
overseas travel (within 6 months), overseas deployment
(within 6 months), or antibiotic use (within 30 days). The
deployed personnel had been in Afghanistan for approxi-
mately 7 months and had been prescribed doxycycline for
malaria chemoprophylaxis (100 mg orally daily). The proto-
cols were approved by the Brooke Army Medical Center and
the United States Army Medical Research and Material
Command Institutional Review Boards.

Surveillance cultures
Troop medical clinic, San Antonio, TX
The research team performed culture collection from
the nares, oropharynx, axilla, groin, web spaces of dom-
inant hand, web spaces of the foot, and perirectal area
using a pre-moistened swab (Copan, Stuart liquid media
culture, Copan Inc., Brescia, Italy). Swabs were trans-
ported to the laboratory immediately and plated onto
Trypticase™ Soy Agar with 5% sheep blood and MacConkey
agar in order to isolate all GNB colonies. After incubation
at 35°C, colonies with morphology consistent GNB growing
on sheep blood agar and MacConkey agar plates were sub-
cultured onto sheep blood agar in order to ensure culture
purity. Isolates were frozen at −80°C in Trypticase™ Soy Broth

(TSB) with 15% glycerol. Specimen collection period was
from May to June 2011.

Acute care clinic in Afghanistan
Samples collected from deployed participants in Afghanistan
were collected using BD CultureSwab™ MaxV(+) (Becton
Dickinson, Franklin Lakes, NJ), which contain Amies
medium and a unique blend of non-animal proteins embed-
ded into the swab fibers, providing additional nutrients for
the survival of microorganisms during transport. The same
sample collection sites and techniques as described for the
US study site were used. Specimens were collected during
August 2011 and shipped within 14 days of collection. Iden-
tification and storage was performed as described above.

Antimicrobial susceptibility testing
Isolates underwent automated testing for identification
and susceptibility using the BD Phoenix Automated
Microbiology System (Becton Dickinson and Company,
Franklin Lakes, NJ) using PMIC/ID-107, NMIC/ID-123
and NMIC/ID-139 panels. Epsilometer-test (EtestW)
(bioMerieux, Durham, NC, USA) was used for anti-
microbial testing of doxycycline, tetracycline and mino-
cycline. Minocycline breakpoints were defined in the
package insert as susceptible ≤ 4 μg/ml, intermediate
8 μg/ml, and resistant ≥ 16 μg/ml; values falling between
two-fold dilutions were rounded up to the next two-fold
value before categorization. Moxifloxacin antimicrobial
activity against GNB was defined as susceptible ≤1 μg/ml,
intermediate 2–4 μg/ml, and resistant >4 μg/ml because
no Clinical and Laboratory Standard Institute (CLSI) or
Phoenix minimum inhibitory concentration (MIC) inter-
pretive criteria were available. Confirmation testing of ESBL
status was performed using the disk diffusion method per
CLSI recommendations [12]. A multidrug resistant (MDR)
organism was defined as any ESBL-producing bacteria, or
if resistant to all tested antimicrobials in 3 or more anti-
microbial classes (penicillins/cephalosporins, carbapenems,
aminoglycosides, and quinolones) not including tetracy-
clines [13].

Molecular testing
Isolates underwent pulsed-field gel electrophoresis (PFGE)
using the Food and Drug Administration (FDA) protocol
for GNB. Clonality was assessed using the commercial
software BioNumerics (Applied Maths Inc., Austin, TX)
and defined by 85% similarity for the GNB [14]. Those iso-
lates identified by the microbiology laboratory as likely to
produce ESBL enzymes were further typed to identify the
following specific classes of ESBL enzymes: CTX-M, SHV,
and TEM. Representative isolates with CTX-M group and
TEM underwent sequencing to confirm the gene and type
of CTX-M or TEM present [15]. Isolates were screened

Vento et al. BMC Infectious Diseases 2013, 13:68 Page 2 of 11
http://www.biomedcentral.com/1471-2334/13/68



for tetracycline resistance genes tet(A), tet(B), tet(C), tet
(D), tet(E), and tet(M).

Statistical analysis
Categorical values were compared using Pearson χ-square
or Fisher’s Exact Test analysis and continuous variables
using Mann–Whitney U test. All statistical operations
were performed using SPSS (IBMW SPSSW Statistics
Version 19). All statistical tests were two-tailed and a
p-value of <0.05 was considered statistically significant.

Results
Demographics of study participants
Over 1400 total swab samples were obtained from the
two different study populations. There were 704 swabs
obtained from the 101 US-based study participants; two
participants refused collection from the perirectal site
and one refused collection from the oropharyngeal site.
The mean age was 23 years, 69% were male, 85% born
in the United States, and 81% were Army Soldiers. The
mean time of active duty military service was nine (SD
10.3) months, and mean time at San Antonio, TX was
three (SD 2.6) months. Collection of samples from 100

healthy participants deployed to Afghanistan yielded 700
samples. Median age was 23 years; all participants were
of male gender. All personnel were in the Army and
84% of them performed foot patrols outside of the base
possibly predisposing them to more local environmental
and population exposures.

Gram negative bacteria from US-based subjects
The samples yielded 191 GNB from 85 participants, of
which only three isolates (all perirectal) from two partici-
pants were found to be MDR-GNB (Tables 1, 2). The two
perirectal MDR E. coli isolates from the single patient
were phenotypically different in appearance during initial
culture, necessitating further testing. Five participants
were colonized with Stenotrophomonas maltophilia and
one with Burkholderia cepacia, which are considered
MDR pathogens by some criteria but not ours. The resist-
ant E. coli included one ESBL-producing isolate [one
participant with one pulsed-field type (PFT)] and two
non-ESBL-producing isolates (one participant with one
PFT) (Figure 1, Table 3 and Table 4). The two non-ESBL-
producing isolates’ antibiograms were identical, with
slightly more antimicrobial resistance in comparison to

Table 1 Number of participants colonized with gram-negative bacteria by body site of 101* non-deployed, healthy US
military service members presenting to a troop medical clinic

Isolate** Nares Oropharynx Axilla Groin Hand Foot Perirectal Number of participants
colonized

Total MDR bacteria (all Escherichia coli) 0 0 0 0 0 0 2 (3) 2 (3)

Total non-MDR bacteria 4 (4) 14 (17) 11 (12) 9 (14) 7 (7) 27 (35) 65 (99) 85 (188)

Acinetobacter baumannii-calcoaceticus
complex

0 1 (1) 0 0 1 (1) 4 (4) 2 (2) 8 (8)

Acinetobacter lwoffii 0 1 (1) 0 1 (1) 0 4 (5) 2 (2) 8 (9)

Alcaligenes species 0 1 (1) 0 0 1 (1) 2 (2) 1 (1) 5 (5)

Citrobacter species 0 0 0 0 0 0 11 (11) 11 (11)

Enterobacter aerogenes 1 (1) 0 2 (2) 1 (1) 0 0 1 (1) 5 (5)

Enterobacter cloacae 0 1 (1) 0 0 1 (1) 0 4 (4) 6 (6)

Escherichia coli 2 (2) 0 2 (3) 1 (1) 0 0 49 (54) 49 (60)

Klebsiella oxytoca 0 1 (1) 0 1 (1) 0 0 2 (3) 2 (5)

Klebsiella pneumoniae 0 1 (1) 1 (1) 2 (2) 0 1 (1) 8 (8) 12 (13)

Proteus species 0 0 1 (1) 0 0 1 (1) 0 2 (2)

Pseudomonas aeruginosa 0 4 (4) 0 0 0 2 (2) 0 5 (6)

Serratia marcescens 1 (1) 1 (1) 4 (4) 1 (1) 2 (2) 2 (2) 1 (1) 9 (12)

Stenotrophomonas maltophilia 0 2 (2) 0 0 0 3 (3) 1 (1) 5 (6)

Other*** 0 4 (4) 1 (1) 4 (7) 2 (2) 12 (15) 11 (11) 34 (40)

Number of isolates in parentheses.
*100 participants were swabbed at the oropharynx and 99 individuals were swabbed in the perirectal sites.
**Participants can be colonized with multiple bacteria or clones of bacteria.
***Other isolates include: Acinetobacter species (2), Acinetobacter haemolyticus (2), Burkholderia cepacia, Burkholderia gladioli, Comamonas testosteroni, Enterobacter
hormaechei, Leclericia adecarboxylata, Moraxella species (6), Morganella morganii (3), Ochrobactrum anthropi (2), Pantoea agglomerans (6), Providencia alcalifaciens,
Pseudomonas species, Pseudomonas fluorescens, Pseudomonas luteola, Pseudomonas oryzihabitans (3), Pseudomonas putida, Pseudomonas stutzeri (2), Rhizobium
radiobacter, Shewanella putrefaciens, Shigella flexneri (2).
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the other study participant’s isolate (Tables 3, 4). The
CTX-M-14 resistance gene (confirmed by sequencing)
was recovered in the single ESBL-producing isolate, and
TEM was found in the two non-ESBL-producing MDR
E. coli isolates (sequences matched TEM-1) (Figure 1).

Gram negative bacteria from Afghanistan-based subjects
The samples revealed 212 non-MDR GNB isolates from
84 participants, with 15 isolates from 11 participants
being MDR pathogens (all E. coli). Escherichia coli colo-
nized the greatest number of participants in this study
population (Table 5). The 15 resistant E. coli isolates
included 13 ESBL-producing bacteria. There were 11
different PFTs from 11 participants with MDR E. coli
(Figure 1). One participant had two perirectal isolates,
appearing phenotypically different on culture, with
different PFTs. One of those perirectal isolates matched
another participant’s perirectal isolate by PFGE. The two
participants with matching PFT perirectal isolates had
isolates with identical antimicrobial resistance and
genetic resistance results. The two perirectal isolates
from the same participant with different PFTs had differ-
ent antimicrobial resistance and genetic resistance
results. Different antimicrobial resistance patterns were
described among the 11 participants’ isolates without a
common resistance profile, except that all isolates were
susceptible to amikacin and carbapenems; 80% of isolates
(12 of 15) were susceptible to piperacillin-tazobactam, but
all were resistant to ampicillin-sulbactam (Table 3). TEM
was present in ten isolates (all isolates were sequenced
revealing them to be TEM-1) and CTX-M-15 was detected
in 12 isolates (two isolates were confirmed by sequencing)
with eight isolates having both and one isolate with no
identifiable resistance mechanisms (Figure 1). An analysis
of isolates from those with prior deployments did not
reveal a difference in colonization with any bacteria (17 of
21 with prior deployment versus 67 of 79 without prior
deployment, p=0.74) or MDR E. coli (1 of 21 with prior de-
ployment versus 10 of 79 without prior deployment,
p=0.45). In addition, analysis of those with exposure out-
side of the base did not reveal a difference in colonization
with any bacteria (71 of 84 outside of the base versus 13 of
16 not outside of the base, p=0.74) or MDR E. coli (10 of
84 outside of the base versus 1 of 16 not outside of the
base, p=1.00).

Comparison of US (non-deployed) and Afghanistan
(deployed) troop colonization
For the entire population, the presence of MDR E. coli
colonization was associated with geographic study site
(2% US site versus 11% Afghanistan site, p=0.01) as was
the presence of non-MDR E. coli colonization (49% US
versus 59% Afghanistan, p=0.04). However, the number

Table 2 Comparison of participants* from the US and
Afghanistan study sites with gram-negative bacteria

US
(n=101)

Afghanistan
(n=100)

P value

Age (median, IQR) 22 (20,25) 23 (22,25.8) 0.07

Gender- males 69 100 <0.01

Total colonized 85 84 0.98

Nares 4 12 0.04

Oropharynx 14 8 0.26

Axilla 11 13 0.65

Groin 9 23 <0.01

Hand 7 12 0.22

Foot 27 13 0.15

Perirectal 66 70 0.48

Total multidrug resistant
(MDR) colonized

2 11 0.01

Groin 0 4 0.12

Foot 0 1 0.50

Perirectal 2 9 0.03

All bacteria

Acinetobacter baumannii-
calcoaceticus complex

8 4 0.24

Acinetobacter lwoffii 8 13 0.24

Citrobacter species 11 5 0.19

Enterobacter aerogenes 5 9 0.28

Enterobacter cloacae 6 3 0.50

Escherichia coli 51 67 0.02

Klebsiella pneumoniae 12 20 0.12

Pseudomonas aeruginosa 5 2 0.45

Serratia marcescens 9 1 0.02

Stenotrophomonas maltophilia 5 0 0.06

Total sites colonized 0.44

0 16 16

1 48 36

2 24 31

3 10 15

4 3 2

Total gram-negative rod bacteria isolates 0.62

0 16 16

1 32 24

2 23 22

3 17 21

4 7 10

5 4 5

6 0 1

7 2 0

10 0 1

*Participants can be colonized with multiple bacteria or clones of bacteria.
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of participants colonized, number of colonized anatomic
sites, number of co-colonizing pathogens, and type of
co-colonizing pathogen were not associated with MDR
E. coli colonization. The two study populations had simi-
lar prevalence values by different anatomic site, except
for the groin area: 23% of Afghanistan subjects versus
9% of US subjects were colonized with GNB in the
groin, p<0.01 (Table 2). The participants were also colo-
nized with similar pathogens overall, with the following
exceptions: Afghanistan-based participants had more
E. coli isolates (67% versus 51%, p=0.02), while US based
study participants had more Serratia (9% versus 1%
p=0.02).
Among MDR E. coli isolates, all participants from the

US had isolates resistant to tetracycline and doxycycline;
one subject with one isolate resistant to minocycline and
the other subjects with two isolates with intermediate
susceptibility to minocycline. Ten of 11 Afghanistan-
based participants had isolates resistant to tetracycline
with incongruent doxycycline and minocycline suscepti-
bilities, but high overall doxycycline resistance (Table 4).
The two US clonal isolates from the same participant
were resistant to tetracycline, with one isolate showing
the tet(A) resistance gene and the other isolate having
the tet(B) gene (Table 4). Despite the presence of tet(A)
or tet(B) for all MDR E. coli, four isolates retained suscepti-
bility to minocycline from the Afghanistan population
(Table 4). All isolates were resistant to ampicillin-sulbactam
while the vast majority was susceptible to piperacillin-
tazobactam. There were no overlapping PFGE patterns
among isolates from the US and Afghanistan populations
(Figure 1).

There were 49 US participants colonized with 60 iso-
lates of non-MDR E. coli (two nare, three axilla, one
groin, and 54 perirectal, for a total of 48 distinct PFTs)
and 58 Afghanistan participants colonized with 97 non-
MDR E. coli (two nare, three axilla, 17 groin, and 75
perirectal, for a total of 64 distinct PFTs). Comparing US
isolates to Afghanistan isolates, there were significant
differences in antimicrobial susceptibilities to ampicillin
(72% vs. 49%, p<0.01), ampicillin-sulbactam (73% vs.
54%, p<0.01), ciprofloxacin (97% vs. 88%, p=0.05), and
trimethoprim-sulfamethoxazole (82% vs. 44%, p<0.01).
E-testW results also showed differences in susceptibility
to both tetracycline/doxycycline (80% vs. 33%, p<0.01)
and minocycline (85% vs. 46%, p<0.01).
The TEM beta-lactamase enzyme was detected but

not phenotypically expressed in 17 non-MDR E. coli iso-
lates from 14 US participants and 45 isolates from 30
Afghanistan participants (p=0·02) (3 isolates sequenced
as TEM-1 and 10 randomly selected isolates confirmed
non-ESBL-producers by disk diffusion testing). The
presence of TEM was associated with resistance to
ampicillin (92% TEM present versus 4% TEM absent,
p<0.01), ampicillin-sulbactam (100% TEM present ver-
sus 4% TEM absent, p<0.01), cefazolin (35% TEM
present versus 3% TEM absent, p<0.01), trimethoprim-
sulfamethoxazole (68% TEM present versus 23% TEM
absent, p<0.01), both tetracycline and doxycycline (81%
TEM present versus 27% TEM absent, p<0.01), and min-
ocycline (55% TEM present versus 27% TEM absent,
p<0.01). The tet(A) gene was identified in five US iso-
lates and 50 Afghanistan isolates (p<0.01) and tet(B) in
seven US isolates and15 Afghanistan isolates (p=0.5).

Figure 1 Pulsed-field gel electrophoresis pattern, country of study, and body region of ESBL-producing and multidrug-resistant (MDR)
Escherichia coli along with TEM and CTX-M mechanisms of resistance.
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Table 3 Antimicrobial resistance of multidrug-resistant Escherichia coli

Participant Country of study Resistance profile Antimicrobial Resistance Testing

Amikacin Ampicillin- Sulbactam Aztreonam Cefepime Cefoxitin Ceftazidime Ceftriaxone Cefuroxime Ciprofloxacin

6 US MDR S R R S R R R R R

6 US MDR S R R S R R R R R

9 US ESBL S R R R I R R R R

% susceptible by unique isolate per unique participant 100 0 0 50 0 0 0 0 0

1 Afghan MDR S R R S R R R R S

1 Afghan MDR S R R S R R R R S

2 Afghan ESBL S R R R I R R R R

3 Afghan ESBL S R R R S R R R S

3 Afghan ESBL S R R R S R R R S

4 Afghan ESBL S R R R I R R R S

5 (PFT 5) Afghan ESBL S R R R S R R R S

5 (PFT 8) Afghan ESBL S R R R S R R R R

7 Afghan ESBL S R R R S R R R R

8 Afghan ESBL S R R R S R R R R

10 Afghan ESBL S R R R S R R R S

11 Afghan ESBL S R R R S R R R R

12 Afghan ESBL S R R R S R R R S

12 Afghan ESBL S R R R S R R R S

13 Afghan ESBL S R R R S R R R R

% susceptible by unique isolate per unique participant 100 0 0 8 75 0 0 0 42
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Table 3 Antimicrobial resistance of multidrug-resistant Escherichia coli (Continued)

Participant Antimicrobial Resistance Testing

Ertapenem Gentamicin Imipenem Levofloxacin Meropenem Moxifloxacin Nitrofurantoin Piperacillin- Tazobactam Tobramycin Trimethoprim- Sulfamethoxazole

6 S R S R S R S R I R

6 S R S R S R S R I R

9 S S S R S R S S S R

% susceptible by
unique isolate per
unique
participant

100 50 100 0 100 0 100 50 50 0

1 S S S S S S S I S R

1 S S S S S S S I S R

2 S R S R S R S S R R

3 S S S S S S S S S R

3 S S S S S S S I S R

4 S S S S S S S S S S

5 (PFT 5) S S S S S S S S S R

5 (PFT 8) S S S R S R S S R R

7 S S S R S R I S S R

8 S S S R S R S S R R

10 S S S S S S I S S R

11 S S S R S R S S S R

12 S S S S S I S S S R

12 S S S S S I S S S R

13 S S S R S R S S R R

% susceptible by
unique isolate per
unique
participant

100 92 100 50 100 42 83 92 75 8

MDR- multidrug-resistant; ESBL- Extended spectrum beta-lactamase producing; PFT- pulsed-field type; S-Susceptible; R-Resistant; I-Intermediate.
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One US-based participant grew two isolates, with tet(A)
and tet(B) resistance genes identified, but no other tet
resistance genes were recovered. Overall, there was no
clonality associated with antimicrobial resistance.

Discussion
Multidrug-resistant bacteria are present throughout the
world [1,3,4]. The global movement of these pathogens
through leisure travel, medical tourism, and military cas-
ualty movement is concerning [2-4]. For military personnel,
one proposed source of MDR bacteria has been pathogen
introduction into deployed military treatment facilities
through host nation patients, with subsequent nosocomial
transmission to US personnel. However, most of the data
supporting this conclusion were from studies completed
over five years ago and focused on MDR Acinetobacter
[8,9]. During 2009 and 2010, increasing numbers of casual-
ties were noted to be colonized with ESBL-producing
E. coli, although no source has been elucidated for this pos-
sible epidemiological shift in MDR organisms [16]. In this
study, 2% of US-based personnel (without recent antibiotic
exposure, overseas travel, or active infection) were colo-
nized with MDR E. coli in the perirectal region, whereas
Afghanistan-based personnel showed an 11% colonization
prevalence of MDR E. coli. This finding demonstrates
significantly higher (5.5-fold, p<0.01) colonization in

individuals based primarily on their deployed status, as
their prior healthcare system exposure was also minimal.
This finding is consistent with a prior study demonstrating
prevalent and incident GNR colonization in recently
deployed, hospitalized individuals compared to non-
deployed hospitalized patients [17]. In contrast to this pre-
vious study, which demonstrated a 60% clonality of incident
MDR A. baumannii isolates and 25% clonality of incident
ESBL-producing isolates [17], our study did not show sig-
nificant strain-relatedness or isolate clonality in non-hospi-
talized, uninjured, healthy Soldiers, regardless of deployed
status. The difference in these findings may be attributed to
the increased risk of specific MDRO exposure and anti-
microbial pressure in healthcare facilities during casualty
evacuation in the previous study. No other bacterial species
showed broad antimicrobial resistance in our study. While
increased colonization rates could explain the increase in
ESBL-producing isolates recovered from combat casualties,
a comparison of 465 E. coli isolates originating from
combat-injured patients in Iraq, Afghanistan and the US to
isolates in this study found no matching PFGE patterns
(data not shown).
The finding of asymptomatic, healthy people colonized

with MDR E. coli, despite minimal contact with the
healthcare system, is concerning. Although numerous
studies have reported community associated ESBL-
producing E. coli urinary tract infections, most have
some risk factor for a MDR-GNB infection: genitourin-
ary pathology, previous bacterial infections, prior intra-
venous antibiotic treatments, and hospitalization in the
previous 12 months [5,18]. A study from Madagascar
reported a 10% stool colonization rate among healthy
people, but the study reported numerous MDR bacterial
species (e.g. E. coli, Klebsiella pneumoniae, Enterobacter
cloacae, and Citrobacter freundii) and an association of
colonization with socioeconomic status [19]. Other stud-
ies have reported MDR stool colonization rates between
1-7%; however, these studies included patients with sub-
stantial exposure to the healthcare system and not
young, healthy patients as observed in our study [20,21].
We noted that non-MDR E. coli recovered from

Afghanistan-based study participants was associated with
higher antimicrobial resistance, with potential clinical impli-
cations associated specifically with ampicillin-sulbactam and
tetracycline resistance. As has been previously reported in
patients with traumatic abdominal wounds, Enterobacteria-
ceae may demonstrate significant resistance to ampicillin-
sulbactam, risking inadequate therapy in up to 50% of
patients [22]. This is consistent with our study finding of
54% ampicillin-sulbactam resistance in non-MDR E.coli iso-
lates from the Afghanistan-based participants. This
increased antimicrobial resistance might be associated with
exposure to doxycycline for malaria chemoprophylaxis. A
previous study assessing the impact of tetracycline and

Table 4 Doxycycline, minocycline and tetracycline
resistance and tetracycline resistance genes for
multidrug-resistant E. coli isolates

Participant tet(A) tet(B) Doxycycline Minocycline Tetracycline

1 + - R S R

1 + - R S R

2 - + R R R

3 + - I S R

3 + - I S R

4 - - S S S

5 (PFT 5) - + R I R

5 (PFT 8) + - R I R

6 + - R I R

6 + - R I R

7 - + R R R

8 + - R I R

9 - + R R R

10 - + R R R

11 - + R R R

12 + - R I R

12 + - R I R

13 + - R I R

- no gene detected; + gene detected; R- resistant, I- intermediate, S-
susceptible; PFT- pulsed-field type.
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doxycycline exposure on stool bacteria showed no increase
in pathogen quantities, to include Klebsiella, Enterobacter,
Pseudomonas, Proteus, Serratia, or E. coli [23]. Although
the bacteria had increased antimicrobial resistance after
tetracycline exposure, this was not observed after doxycyc-
line exposure [23]. Other studies have reported increased
resistance after doxycycline exposure and some change in
gut flora, but not significantly different than prior to ther-
apy [24,25]. We did not identify genes consistently respon-
sible for tetracycline resistance across the isolate spectrum,
but those primarily involved were tet(A) and tet(B), which
is similar to what is described in the literature [26-28].
There is also concern that antimicrobial use in animal

husbandry practices might be leading to greater resist-
ance. This has been shown in tetracycline-focused stud-
ies that linked tet(M), tet(A), and tet(B) genes to introns
and dairy feed [28]. In the current study, it is worth not-
ing that there was greater tetracycline resistance of the
non-MDR E. coli isolates associated with the tet(A) gene,
but no clonality was detected by PFGE. There are
reports of TEM-1, CXT-M-15 and tet(A) genes carried
in the same plasmid, raising concern that doxycycline
use might not only be selecting its own resistance, but
also ESBL-mediated resistance [29,30]. Increased anti-
biotic use in food production processes may play a role

in this microbial epidemiological finding and warrant
further investigation.
It is unclear what role the environment played on the

MDR colonization rate of personnel deployed to Af-
ghanistan. Although the participants resided in a remote
area of Afghanistan, they had more than adequate pot-
able water for all activities, including bathing, cooking
and drinking. The study participants likely had minimal
to no consumption of local food, as off-base exposure
did not correlate with colonization status. It is also un-
clear if the use of different swab type for MDR pathogen
collection, or the delay in laboratory processing of swabs
from Afghanistan, impacted the recovery of pathogens.
The overall similarity in total number of pathogens
recovered between the two study sites, the similar body
areas colonized between the two study sites, and data
supporting stability of bacteria on swabs for extended
periods of time, suggest that the observed differences are
valid. It may be of interest to further assess seasonal
variation of MDR pathogen colonization, as our study
evaluated individuals primarily in spring and summer
months, and may not be representative of colonization
prevalence during other seasons. Previous studies have
shown seasonal variation in GNB infection rates, with
increased incidence of K. pneumoniae, A. baumannii,

Table 5 Number of participants with gram-negative bacteria by body site of 100 healthy US military service members
deployed to Afghanistan who presented to an acute care clinic

Isolate* Nares Oropharynx Axilla Groin Hand Foot Perirectal Number of participants
colonized

Total MDR bacteria (all Escherichia coli) 0 0 0 4 (4) 0 1 (1) 9 (10) 11 (15)

Total non-MDR bacteria 12 (13) 8 (10) 13 (14) 20 (27) 12 (12) 12 (14) 65 (107) 80 (197)

Acinetobacter baumannii-calcoaceticus
complex

0 0 0 0 1 (1) 3 (3) 0 4 (4)

Acinetobacter lwoffii 0 0 3 (3) 2 (2) 5 (5) 5 (5) 1 (1) 13 (16)

Alcaligenes species 0 1 (1) 0 2 (2) 1 (1) 2 (2) 1 (1) 5 (7)

Citrobacter species 1 (1) 0 0 0 0 1 (1) 3 (3) 5 (5)

Enterobacter aerogenes 5 (6) 2 (2) 4 (4) 1 (1) 1 (1) 0 2 (2) 9 (16)

Enterobacter cloacae 0 1 (2) 0 1 (1) 0 1 (1) 0 3 (4)

Escherichia coli 2 (2) 0 3 (3) 12 (17) 0 0 57 (75) 59 (97)

Klebsiella oxytoca 3 (3) 0 0 0 0 0 0 3 (3)

Klebsiella pneumoniae 0 0 2 (2) 2 (2) 0 0 19 (20) 20 (24)

Proteus species 0 0 1 (1) 0 0 0 2 (2) 3 (3)

Pseudomonas aeruginosa 0 1 (1) 0 1 (1) 0 0 2 (2) 2 (4)

Serratia marcescens 1 (1) 1 (2) 0 0 0 0 0 1 (3)

Stenotrophomonas maltophilia 0 0 0 0 0 0 0 0

Other** 0 2 (2) 1 (1) 1 (1) 4 (4) 2 (2) 1 (1) 11 (11)

Number of isolates in ().
* Participants can be colonized with multiple bacteria or clones of bacteria.
**Other isolates includes: Comamonas testosteroni, Enterobacter gergoviae, Moraxella species (2), Pantoea agglomerans (3), Pseudomonas species, Pseudomonas
putida, Serratia liquefaciens, Sphingomonas paucimobilis.
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and E. coli infections in summer months [31,32]. Further
study limitations include the relatively low percentage of
female participants (31% in the US-based study population
and no females in the Afghanistan-based population), along
with the lack of other potentially relevant demographic
data, such as race. These limitations may preclude
generalization of our findings to other populations.
Finally, the current study identified a point prevalence

of MDR colonization in geographically distinct military
populations. Prospective studies on military service
members prior to deployments, and prior to malaria
chemoprophylaxis/antibiotic exposure, are needed to de-
termine the true incidence of colonization with potential
pathogens over time. This study identified antimicrobial
resistance patterns that may have implications on clin-
ical treatment decisions, particularly in light of recent
literature reports on β-lactamase inhibitor use for ESBL-
producing bacteria. For example, we identified MDR
E. coli colonization isolates that show relative suscepti-
bility to piperacillin-tazobactam, but resistance to ampi-
cillin-sulbactam. These findings would seem consistent
with a recent study suggesting clinical efficacy against
ESBL-producing E. coli bloodstream infections with
these antimicrobial agents [33]. The findings in the
current study may also impact the choice of early em-
piric antimicrobial therapy for traumatic injuries during
war and possibly humanitarian/disaster relief missions,
which may have similar post-injury infection risks. His-
torically, early antimicrobial therapy in these environments
has included agents without enhanced coverage against
ESBL-producing bacteria, due to concern for further selec-
tion of antimicrobial resistance, and the fact that we have
not typically encountered those resistant pathogens early
after injury [34]. The recommendation to avoid broader
early antimicrobial therapy might need to be reconsidered,
especially for injuries involving the perineal and perirectal
areas, as these are associated with higher ESBL-producing
E. coli colonization rates than other body regions.

Conclusions
We found a 5.5-fold increased rate of community-onset
MDR E. coli colonization among US military personnel
deployed to Afghanistan despite subjects being completely
healthy, having only routine acute healthcare exposure
(not related to injury or infection) and only min-
imal antimicrobial exposure (for malaria prophylaxis).
Community-associated colonization with other resistant
GNB was not observed. Increased colonization rates might
explain the increased recovery of ESBL-producing E. coli
from infections in combat casualties from this geographical
region. Further studies should seek to determine the cause
and increasing rates of MDR E. coli colonization during
deployment to Afghanistan. Continued diligence is needed
to monitor the changing epidemiology of MDR-GNB and

identify causal associations. Finally, continued investigation
of the relevance of colonization without active infection is
needed to ensure decolonization strategies provide overall
benefit without selecting for other resistant pathogens.

Abbreviations
MDR: Multidrug-resistant; GNB: Gram-negative bacteria; ESBL: Extended-
spectrum beta-lactamase; PFGE: Pulsed-field gel electrophoresis; PFT: Pulsed-
field type; CLSI: Clinical and Laboratory Standards Insitute; FDA: Food and
Drug Administration; MIC: Minimum Inhibitory Concentration; ED: Emergency
department.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
Study design, Data Collection, Data Analysis, Manuscript Development,
Writing Manuscript: TJV, DWC, KM, MLL,CKM. Data Collection, Manuscript
Development: JPC, EAR, CCT, WCZ, CHC, XU, KAC, KSA, MLB. All authors read
and approved the final manuscript.

Disclaimer
The views expressed herein are those of the authors and do not reflect the
official policy or position of the Department of the Army, Department of the
Air Force, Department of Defense, or the US Government. The authors are
employees of the US government. This work was prepared as part of their
official duties and, as such, there is no copyright to be transferred.
This work was supported by the Armed Forces Health Surveillance Center
including the Global Emerging Infectious System.

Author details
1Brooke Army Medical Center/San Antonio Military Medical Center, Fort Sam
Houston, TX, USA. 2Uniformed Services University of the Health Sciences,
Bethesda, MD, USA. 3Blanchfield Army Community Hospital, Fort Campbell,
KY, USA. 4Infectious Disease Clinical Research Program, Uniformed Services
University of the Health Sciences, Bethesda, MD, USA. 5United States Army
Institute of Surgical Research, Fort Sam Houston, TX, USA.

Received: 4 August 2012 Accepted: 29 January 2013
Published: 5 February 2013

References
1. Boucher HW, Talbot GH, Bradley JS, et al: Bad bugs, no drugs: no ESKAPE!

An update from the Infectious Diseases Society of America. Clin Infect Dis
2009, 48:1–12.

2. Tängdén T, Cars O, Melhus A, Löwdin E: Foreign travel is a major risk
factor for colonization with Escherichia coli producing CTX-M-type
extended-spectrum beta-lactamases: a prospective study with Swedish
volunteers. Antimicrob Agents Chemother 2010, 54:3564–3568.

3. Moellering RC Jr: NDM-1–a cause for worldwide concern. N Engl J Med
2010, 363:2377–2379.

4. Walsh TR, Weeks J, Livermore DM, Toleman MA: Dissemination of NDM-1
positive bacteria in the New Delhi environment and its implications for
human health: an environmental point prevalence study. Lancet Infect Dis
2011, 11:355–362.

5. Siedelman L, Kline S, Duval S: Risk factors for community- and health
facility-acquired extended-spectrum β-lactamase-producing bacterial
infections in patients at the University of Minnesota medical center.
Fairview. Am J Infect Control 2012, 40:849–853.

6. Oncül O, Keskin O, Acar HV, et al: Hospital-acquired infections following
the 1999 Marmara earthquake. J Hosp Infect 2002, 51:47–51.

7. Hussey SM, Dukette PJ, Dunn SH, et al: The 2010 Haiti earthquake: a
pathology perspective aboard the USNS Comfort. Arch Pathol Lab Med
2011, 135:417–421.

8. Murray CK: Epidemiology of infections associated with combat-related
injuries in Iraq and Afghanistan. J Trauma 2008, 64:S232–238.

9. Scott P, Deye G, Srinivasan A, et al: An outbreak of multidrug-resistant
Acinetobacter baumannii-calcoaceticus complex infection in the US
military health care system associated with military operations in Iraq.
Clin Infect Dis 2007, 44:1577–1584.

Vento et al. BMC Infectious Diseases 2013, 13:68 Page 10 of 11
http://www.biomedcentral.com/1471-2334/13/68



10. Centers for Disease Control and Prevention (CDC): Notes from the field:
detection of blaNDM-1 carbapenem resistance in a clinical isolate of
Providencia stuartii in a U.S./coalition medical facility–Afghanistan, 2011.
MMWR 2011, 60:756.

11. Sutter DE, Bradshaw LU, Simkins LH, et al: High incidence of multidrug-
resistant gram-negative bacteria recovered from Afghan patients at a
deployed US military hospital. Infect Control Hosp Epidemiol 2011,
32:854–860.

12. Cockerill FR, Wikler MA, Alder J, et al: Performace standards for antimicrobial
susceptibility testing; twenty-second informational supplement (M100-S22).
Wayne, PA: Clinical and Laboratory Standards Institute; 2012.

13. The National Healthcare Safety Network (NHSN) Manual: Patient Safety
Component: Protocol – Multidrug-resistant Organism (MDRO) and Clostridium
difficile-Associated Disease (CDAC) Module. Atlanta, GA: Division of Healthcare
Quality Promotion, National Center for Preparedness, Detection and Control
of Infectious Diseases, Centers for Disease Control and Prevention;
2008:1–29.

14. Tenover FC, Arbeit RD, Goering RV, et al: Interpreting chromosomal DNA
restriction patterns produced by pulsed-field gel electrophoresis: criteria
for bacterial strain typing. J Clin Microbiol 1995, 33:2233–2239.

15. Ma L, Chang FY, Fung CP, et al: Variety of TEM-, SHV-, and CTX-M-type
beta-lactamases present in recent clinical isolates of Escherichia coli,
Klebsiella pneumoniae, and Enterobacter cloacae from Taiwan. Microb
Drug Resist 2005, 11:31–39.

16. Tribble DR, Conger NG, Fraser S, et al: Infection-associated clinical
outcomes in hospitalized medical evacuees following traumatic injury-
Trauma Infectious Disease Outcome Study (TIDOS). J Trauma 2011,
71:S33–S42.

17. Weintrob AC, Roediger MP, Barber M, et al: Natural history of colonization
with gram-negative multidrug-resistant organisms among hospitalized
patients. Infect Control Hosp Epidemiol 2010, 31:330–337.

18. Calbo E, Romani V, Xervacins M, et al: Risk factors for community-onset
urinary tract infections due to Escherichia coli harboring extended-
spectrum β-lactamases. J Antimicrob Chemoth 2006, 57:780–783.

19. Herindrainy P, Randrianirina F, Ratovoson R, et al: Rectal carriage of
extended-spectrum beta-lactamase-producing gram-negative bacilli in
community settings in Madagascar. PLoS One 2011, 6:e22738.

20. Valverde A, Coque TM, Sanchez-Moreno MP, et al: Dramatic increase in
prevalence of fecal carriage of extended spectrum beta-lactamase-
producing Enterobacteriaceae during non outbreak situations in Spain.
J Clin Microbiol 2004, 42:4769–4775.

21. Friedmann R, Raveh D, Zartzer E, et al: Prospective evaluation of
colonization with extended-spectrum beta-lactamase (ESBL)-producing
Enterobacteriaceae among patients at hospital admission and of
subsequent colonization with ESBL-producing Enterobacteriaceae among
patients during hospitalization. Infect Control Hosp Epidemiol 2009,
30:534–554.

22. Schnuriger B, Inaba K, Eberle BM, et al: Microbiological profile and
antimicrobial susceptibility in surgical site infections following hollow
viscus injury. J Gastrointest Surg 2010, 14:1304–1310.

23. Bartlett JG, Bustetter LA, Gorbach SL, Onderdonk AB: Comparative effect of
tetracycline and doxycycline on the occurrence of resistant Escherichia
coli in the fecal flora. Antimicrob Agents Chemoth 1975, 7:55–57.

24. Alestig K, Lidin-Janson G: The effect of doxycycline and tetracycline
hydrochloride on the aerobic fecal flora. Sand J Infect Dis 1975, 7:265–271.

25. Jonsson M, Tunevall G: Selective pressure on tetracyclines on the faecal
flora. Scand J Infect Dis 1976, 9:89–93.

26. Tuckman M, Petersen PJ, Howe AYM, et al: Occurrence of tetracycline
resistance genes among Escherichia coli isolates from the phase 3
clinical trials of tigecycline. Antmicrob Agents Chemoth 2007, 51:3205–3211.

27. Jones CH, Tuckman M, Murphy E, Bradford PA: Identification and sequence
of a tet(M) tetracycline resistance determinant homologue in clinical
isolates of Escherichia coli. J Bacteriol 2006, 188:7151–7164.

28. Wu RB, Alexander TW, Li JQ, Munns K, Sharma R, McAllister TA: Prevalence
and diversity of class 1 integrons and resistance genes in antimicrobial-
resistant Escherichia coli originating from beef cattle administered
subtherapeutic antimicrobials. J Applied Microbiol 2011, 111:511–523.

29. Mshana SE, Imirzalioflu C, Hossain H, Hain T, Domann E, Chakraborty T:
Conjugative IncFI plasmids carrying CTX-M-15 among Escherichia coli
ESBL producing isolates at a university hospital in Germany. BMC Infect
Dis 2009, 17:97.

30. Karisik E, Ellington MJ, Pike R, Warren RE, Livermore DM, Woodford N:
Molecular characterization of plasmids encoding CTX-M-15 β-lactamases
from Escherichia coli strains in the United Kingdom. J Antimicrob
Chemother 2006, 58:665–668.

31. Perencevich EN, McGregor JC, Shardell M, et al: Summer peaks in the
incidences of gram-negative bacterial infection among hospitalized
patients. Infect Control Hosp Epidemiol 2008, 29:1124–1131.

32. Anderson DJ, Herve’ R, Chen LF, et al: Seasonal variation in Klebsiella
pneumoniae bloodstream infection on 4 continents. J Infect Dis 2008,
197:752–756.

33. Rodríguez-Baño J, Navarro MD, Retamar P, et al: lactam/β-lactam inhibitor
combinations for the treatment of bacteremia due to extended-
spectrum β-lactamase-producing Escherichia coli: a post hoc analysis of
prospective cohorts. Clin Infect Dis 2012, 54:167–174.

34. Hospenthal DR, Murray CK, Andersen RC, et al: Guidelines for the
prevention of infections associated with combat-related injuries: 2011
update. J Trauma supplement 2011, 71:S210–S234.

doi:10.1186/1471-2334-13-68
Cite this article as: Vento et al.: Multidrug-resistant gram-negative
bacteria colonization of healthy US military personnel in the US and
Afghanistan. BMC Infectious Diseases 2013 13:68.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Vento et al. BMC Infectious Diseases 2013, 13:68 Page 11 of 11
http://www.biomedcentral.com/1471-2334/13/68


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Participants
	Surveillance cultures
	Troop medical clinic, San Antonio, TX
	Acute care clinic in Afghanistan
	Antimicrobial susceptibility testing
	Molecular testing

	Statistical analysis

	Results
	Demographics of study participants
	Gram negative bacteria from US-based subjects
	Gram negative bacteria from Afghanistan-based subjects
	Comparison of US (non-deployed) and Afghanistan (deployed) troop colonization


	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Disclaimer
	Author details
	References

