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Abstract

In response to the high rates of colonization and infection by multidrug-resistant gram-negative

bacilli (MDR GNB), many military treatment facilities (MTFs) have implemented additional

infection control practices, such as active surveillance cultures for asymptomatic colonization.

Results of surveillance cultures (June 2009 – May 2012) collected from patients at Landstuhl

Regional Medical Center (Landstuhl RMC), Germany, and three U.S. MTFs were analyzed to

evaluate trends in MDR GNB colonization over time and across facilities. At Landstuhl RMC, 6.6

percent of patients were colonized on admission with MDR GNB compared to 12.4 percent of

patients admitted to the participating U.S. MTFs. Escherichia coli was the predominant organism,

representing 82.4 percent of MDR isolates at Landstuhl RMC and 67.1 to 83.3 percent at U.S.

MTFs. Other common MDR GNB included Acinetobacter calcoaceticus-baumannii complex and

Klebsiella pneumoniae. Although Pseudomonas aeruginosa was often isolated from the

surveillance cultures, it was never multidrug-resistant. Annual rates of MDR GNB colonization

were not significantly different over the three-year period. Ongoing research includes assessment

of predictive factors for MDR GNB colonization and the relationship between colonization and

infection.

BACKGROUND

Numerous reports have described infection and colonization with multidrug-resistant gram-

negative bacilli (MDR GNB) among wounded and hospitalized military service members

during the conflicts in Afghanistan and Iraq.1–7 The spread of some resistant organisms,

such as Acinetobacter calcoaceticus-baumannii (ABC) complex, is thought to be primarily

healthcare-associated. Studies of healthy service members in the United States have not

demonstrated significant colonization with MDR GNB prior to deployment,8–10
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Additionally, MDR GNB have not been reported to be common in the soil in deployed

locations,11 and war wounds have not been found to be colonized with MDR GNB at the

time of injury.12 Potential sources for MDR GNB introduction include acquired resistance

of endogenous flora due to antibiotic pressure or acquisition of resistant strains from the

healthcare system.

The increase in infections associated with MDR GNB at U.S. military treatment facilities

(MTFs) led to the implementation of several infection control practices, including active

surveillance cultures to detect asymptomatic colonization and preemptive contact isolation

of patients while awaiting surveillance culture results. In 2003, three U.S. MTFs (Brooke

Army Medical Center [Brooke AMC], National Naval Medical Center, and Walter Reed

Army Medical Center [Walter Reed AMC]) began performing surveillance cultures for ACB

at the time of hospital admission; however, data were not routinely collected from all care

areas and colonization with other MDR GNB was not evaluated. In 2005, Landstuhl

Regional Medical Center (Landstuhl RMC) in Germany initiated screening in order to

gather ACB colonization data from patients arriving directly from combat zones. Analysis of

surveillance culture data collected from 2005 through 2009 demonstrated a decrease in ACB

colonization from seven percent to one percent at Landstuhl RMC and from 21 percent to 4

percent at the U.S. MTFs.13

In an effort to further understand MDR GNB colonization, a prospective longitudinal study

at Walter Reed AMC conducted in 2008 entailed collection of surveillance cultures at the

time of admission and during hospitalization from six different anatomic sites of both

injured service members and non-deployed subjects.6 Evaluation of the cultures determined

that the groin was the most sensitive anatomic site for the detection of MDR GNB

colonization. The prevalence of MDR GNB colonization at admission was 23 percent and

eight percent among deployed and non-deployed beneficiaries, respectively, and included

not only ACB, but also high rates of multidrug-resistant (MDR) Escherichia coli and

Klebsiella pneumoniae. Based on this study and others, Walter Reed AMC, National Naval

Medical Center, Brooke AMC, and Landstuhl RMC aligned their surveillance culture

programs in 2009 and began routinely swabbing the groins of new admissions to evaluate

for colonization with any MDR GNB.6

This report presents surveillance data on MDR GNB colonization from June 2009 through

May 2012 on injured service members admitted to Landstuhl RMC and the three U.S. MTFs

after their surveillance culture programs were aligned.

METHODS

For this report, groin surveillance cultures performed on service members injured in Iraq or

Afghanistan within three days of admission to Landstuhl RMC or the U.S. MTFs were

analyzed.13 The analysis included only the first swab collected from each patient at

admission. Results from the surveillance cultures were captured at all four MTFs as part of a

prospective study on infectious complications following deployment-related injuries (The

Department of Defense – Department of Veterans Affairs, Trauma Infectious Disease

Outcomes Study [TIDOS]).14 Clinical information and microbiology results from deployed
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subjects admitted to Landstuhl RMC, Walter Reed AMC, National Naval Medical Center

(Walter Reed National Military Medical Center after September 2011), or Brooke AMC

(San Antonio Military Medical Center after September 2011) were collected through TIDOS

as part of an infectious disease module of the Department of Defense Trauma Registry.

Gram-negative bacilli were defined as multidrug-resistant if they were determined to be

resistant to three or more of the following antibiotic classes, aminoglycosides, β-lactams,

carbapenems, and fluoroquinolones, or if they produced extended spectrum β-lactamases, or

if they produced K. pneumoniae carbapenemases.15 Antimicrobial susceptibility tests were

performed for all bacterial strains using automated systems (BD Phoenix [BD Biosciences,

Sparks, MD] or Vitek 2 [bioMérieux Inc., Hazelwood, MO]), in addition to testing with disc

diffusion and E-test methods as recommended by the Clinical and Laboratory Standards

Institute and per routine at each hospital.16

McNemar’s test, which evaluates paired proportions, was used to compare the proportion of

subjects colonized between Landstuhl RMC and the U.S. MTFs. Trend comparisons used

the GENMOD procedure with binomial distribution in SAS® version 9.3. P-values less than

0.05 were considered statistically significant.

RESULTS

Study population

The study population consisted predominantly of male (98%) service members from the

Army (63%) and the Marine Corps (29%) with a median age of 24 years. The majority of

patients were medically evacuated to Landstuhl RMC due to injuries sustained through

explosions (65%) or gunshots (20%) (data not shown).

Of the 3,882 military personnel admitted to Landstuhl RMC, 48 percent (n=1,859) were

transferred to one of the participating U.S. MTFs (Figures 1a,b,c). Examination of monthly

admissions combined for the three years indicated a seasonal pattern of admissions at

Landstuhl RMC and the subsequent U.S. MTFs with the highest number of subjects

admitted during the summer and early autumn months and the lowest number during the

winter (Figures 2a,b).

Proportion with MDR GNB

Within three days of admission, 89.0 percent of patients at Landstuhl RMC and 93.8 percent

of patients at the U.S. MTFs admitted from a deployment location had surveillance cultures

performed (Figures 1a,b,c). Only approximately one-fourth of the surveillance cultures from

Landstuhl RMC grew bacteria (Figure 1a). Of the total patients cultured (n=3,455), 6.6

percent grew MDR GNB at Landstuhl RMC. Limiting the analysis of Landstuhl RMC

patients with surveillance cultures to those who ultimately transferred to one of the

participating U.S. MTFs (n=1,744), 8.8 percent were colonized at Landstuhl RMC with

MDR GNB (Figure 1b). After admission to an U.S. MTF (n=1,743), the percentage of

surveillance cultures that grew MDR GNB significantly increased to 12.4 percent

(p<0.0001) when compared to the same population at Landstuhl RMC (Figure 1c).
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Similar to the pattern of admissions, the highest proportion of patients colonized with MDR

GNB at Landstuhl RMC occurred in August (10%), while the lowest proportion colonized

was in February (3%) (Figure 2a). The proportion of patients at the U.S. MTFs colonized

with MDR GNB followed the same pattern with the highest proportion of colonization

occurring in August (21%) and the lowest in March (6%) (Figure 2b).

Restricting the study population to a subset of military personnel injured in combat

demonstrated an increased percentage of medical evacuees at Landstuhl RMC who received

surveillance cultures upon admission (95%), of which nine percent grew MDR GNB. At

U.S. MTFs, 89 percent of those injured during combat had surveillance cultures performed

and 16 percent of those subjects were colonized with MDR GNB. At both Landstuhl RMC

and the U.S. MTFs, the percentage of MDR GNB colonization among combat wounded was

statistically greater compared to the non-combat group (p<0.0001) (data not shown).

The most prevalent colonizing organisms identified at Landstuhl RMC and the U.S. MTFs

were E. coli, K. pneumoniae, and Enterobacter aerogenes (Table 1). E. coli was not only the

most common colonizing organism, but also the most frequent MDR GNB recovered (total

of 387 isolates) accounting for 82.4 percent of MDR GNB at Landstuhl RMC and 67.1 to

83.3 percent at the U.S. MTFs. The next most frequent MDR GNB cultured included: ACB,

K. pneumoniae, and Enterobacter cloacae. Pathogen distribution was similar among the

U.S. MTFs, although at Brooke AMC the percentage of MDR E. coli was lower and the

percentages of MDR ACB and K. pneumoniae were higher compared to the other sites (data
not shown).

Antibiotic Resistance of MDR GNB

E. coli and K. pneumoniae isolates were primarily MDR due to extended spectrum β-

lactamase production, whereas ACB isolates much more frequently demonstrated resistance

to multiple antimicrobial classes (Table 2). Of the extended spectrum β-lactamase-producing

E. coli, 47 percent were also resistant to fluoroquinolones and 11 percent were resistant to

aminoglycosides (data not shown). Of the extended spectrum β-lactamase-producing K.

pneumoniae, approximately one-third were resistant to fluoroquinolones and

aminoglycosides (data not shown). Most Pseudomonas aeruginosa and E. aerogenes

isolates were susceptible to all antibiotic classes.

Annual Trends

Overall, the percentage of patients colonized with MDR GNB at Landstuhl RMC among the

population who received surveillance cultures and transferred to the U.S. MTFs (n=1,744)

was 7.0 percent, 10.6 percent, and 8.5 percent during the first (June 2009 – May 2010),

second (June 2010 – May 2011), and third (June 2011 – May 2012) years, respectively

(Figure 3a). The percentages at the U.S. MTFs were 11.5 percent, 14.9 percent, and 12.9

percent, respectively (Figure 3b). Although the rates of MDR GNB colonization were

generally highest in the second year of the study and declined during the third, the

differences were not statistically significant at either Landstuhl RMC or the U.S. MTFs.
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EDITORIAL COMMENT

This report summarizes three-years (June 2009 – May 2012) of results from active

surveillance culturing for MDR GNB of deployed U.S. service members who were

hospitalized at Landstuhl RMC and several U.S. MTFs. A higher overall percentage of

MDR GNB was observed at U.S. MTFs compared to Landstuhl RMC. E. coli was the most

frequently cultured MDR GNB recovered at both Landstuhl RMC and U.S. MTFs, followed

by ACB, K. pneumoniae, and E. cloacae. In addition, P. aeruginosa and E. aerogenes

commonly grew from active surveillance cultures; however, the isolates were almost always

susceptible to multiple classes of antibiotics.

Colonization with MDR GNB has been reported in prior studies in relation to deployed

personnel. An evaluation of colonization among service members admitted to Walter Reed

AMC from Landstuhl RMC in 2008 found that 23 percent were colonized with MDR

organisms at Walter Reed AMC admission.6 In another analysis, 21 percent of subjects

admitted to Walter Reed AMC, National Naval Medical Center, or Brooke AMC in 2005

were colonized with MDR ACB; however, the colonization rate decreased to four percent in

2009. A comparable decrease was reported at Landstuhl RMC with seven percent of

subjects colonized with MDR ACB at admission in 2005 and one percent in 2009. The

overall MDR organism colonization rate in 2009 was three percent at admission to

Landstuhl RMC and 13 percent at the U.S. MTFs. In addition, extended spectrum β-

lactamase-producing E. coli represented the most prevalent colonizing organism.13

Similar to the previous analyses, the report herein demonstrates that rates of MDR GNB

colonization are higher at the U.S. MTFs (12.4%) than at Landstuhl RMC (8.8% of subjects

that transfer to a participating U.S. MTF). The reasons for this remain unclear, but may be

related to nosocomial acquisition through the evacuation chain, longer time available for

bacterial growth, different culturing techniques, or greater administration of antibiotics.

Another similarity to the prior studies is that the percentage of patients colonized with MDR

ACB has decreased since the early 2000s. Moreover, the three-year data reported here

indicate that the mechanism responsible for the majority of drug resistance seen in

colonizing isolates is extended spectrum β-lactamase production. Future studies should

investigate risk factors for extended spectrum β-lactamase production in this patient

population.

A key finding of this study is that service members who sustained combat-related injuries

had significantly higher rates of MDR GNB colonization (9% and 16% at Landstuhl RMC

and U.S. MTFs, respectively) than the overall population admitted to Landstuhl RMC and,

subsequently, to one of the three U.S. MTFs. Although MDR GNB colonization in those

with combat-related trauma is higher than in the overall population, deployed subjects

without combat injuries who transit through the same evacuation chain continue to have

significant rates of MDR GNB colonization that warrant similar infection control practices.

The findings of this study should be interpreted with consideration that the surveillance

culture data were collected from U.S. MTFs involved in the TIDOS project. The patients at

these participating U.S. MTFs (approximately 50% of subjects transferred from Landstuhl
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RMC) tended to be more severely injured than those transferred to other U.S. MTFs;

therefore, it is uncertain if the surveillance culture results are generalizable to all injured

service members transferred from Landstuhl RMC.

Prevention and control of MDR organism transmission has become a national priority. The

emergence of MDR GNB limits the use of specific antimicrobial agents, lengthens the time

of convalescence, and may lead to increases in morbidity and mortality. The Healthcare

Infection Control Practices Advisory Committee (HICPAC) has published guidelines on

how to manage these organisms in healthcare settings.17 The HICPAC guidelines

recommend using a combination of techniques to control MDR GNB including surveillance

cultures to detect asymptomatic colonization and preemptive contact precautions until

culture results return. This report demonstrates sustained levels of MDR GNB colonization

at Landstuhl RMC and select U.S. MTFs over the past three years, which warrants the

continuation of surveillance cultures and contact precautions. Future studies should focus on

the relationship between MDR GNB colonization and infection, the effectiveness of

surveillance cultures plus contact isolation for decreasing nosocomial transmission of MDR

GNB, and risk factors for the propagation of extended spectrum β-lactamases in the

deployed population.
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FIGURE 1.
a: Landstuhl Regional Medical Center (LRMC) admissions and active surveillance cultures

for asymptomatic colonization, June 2009–May 2012

MDR GNB – multidrug-resistant gram-negative bacilli

b: Landstuhl Regional Medical Center (LRMC) admissions and active surveillance cultures

for asymptomatic colonization, restricted to the population of patients who transferred to the

U.S. Military Treatment Facility (MTF), June 2009–May 2012

MDR GNB – multidrug-resistant gram-negative bacilli

c: U.S. Military Treatment Facility (MTF) admissions and active surveillance cultures for

asymptomatic colonization, June 2009–May 2012

MDR GNB – multidrug-resistant gram-negative bacilli
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FIGURE 2.
a. Multidrug-resistant (MDR) gram-negative bacilli (GNB) colonization at Landstuhl

Regional Medical Center (LRMC) by month of admission, June 2009–May 2012

* p<0.0001 for test of trend over time

b. Multidrug-resistant (MDR) gram-negative bacilli (GNB) colonization at U.S. Military

Treatment Facilities (MTFs) by month of admission, June 2009–May 2012

* p=0.0042 for test of trend over time; ** p<0.0001 for test of trend over time

Weintrob et al. Page 10

MSMR. Author manuscript; available in PMC 2014 July 14.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Weintrob et al. Page 11

MSMR. Author manuscript; available in PMC 2014 July 14.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



FIGURE 3.
a. Percentage of surveillance cultures with colonizing isolates at Landstuhl Regional

Medical Center (LRMC) among patients transferred to U.S. military treatment facilities

(MTFs) by year, June 2009–May 2012

ACB=Acinetobacter calcoaceticus baumannii; MDR=Multidrug resistant
a The proportion is the number of LRMC patients with a particular organism among the total

patients admitted to LRMC in that year that were transferred to a U.S. MTF

Y1=June 2009–May 2010; Y2-June 2010–May 2011; Y3=June 2011–May 2012

b. Percentage of surveillance cultures with colonizing isolates at U.S. military treatment

facilities (MTFs)a,b by year, June 2009–May 2012

ACB=Acinetobacter calcoaceticus baumannii; MDR=multidrug resistant
a U.S. MTF data were combined for yearly analysis;
b The proportion is the number of U.S. MTF patients having a particular organism among

the total patients admitted to the U.S. MTFs in that year

Y1=June 2009–May 2010; Y2-June 2010–May 2011; Y3=June 2011–May 2012
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