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Background. We investigated an outbreak of multidrug-resistant Acinetobacter baumannii-calcoaceticus complex
infection among US service members injured in Iraq.

Methods. The investigation was conducted in Iraq and Kuwait, in the 2 military hospitals where the majority
of injured service members were initially treated. After initially characterizing the outbreak, we evaluated 3 potential
sources of infection for the period March 2003 to December 2004. The evaluation included screening samples
that were obtained from the skin of patients for the presence of colonization and assessing the soil and health
care environments for the presence of A. baumanii-calcoaceticus complex organisms. Isolates obtained from samples
from patients in US Military treatment facilities, as well as environmental isolates, were genotypically characterized
and compared using pulsed-field gel electrophoresis.

Results. A. baumanii-calcoaceticus complex organisms were present on the skin in only 1 (0.6%) of 160 patients
who were screened and in 1 (2%) of 49 soil samples. A. baumanii-calcoaceticus complex isolates were recovered
from treatment areas in 7 of the 7 field hospitals sampled. Using pulsed-field gel electrophoresis, we identified 5
cluster groups in which isolates from patients were related to environmental isolates. One cluster included hos-
pitalized patients who had not been deployed to Iraq. Among the clinical isolates, only imipenem, polymyxin B,
and colistin demonstrated reliable in vitro antimicrobial activity. Generally, the environmental isolates were more
drug susceptible than were the clinical isolates.

Conclusions. Our findings suggest that environmental contamination of field hospitals and infection trans-
mission within health care facilities played a major role in this outbreak. On the basis of these findings, maintaining
infection control throughout the military health care system is essential. Novel strategies may be required to prevent
the transmission of pathogens in combat field hospitals.
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organisms are gram-negative bacteria found in soil and

water [1]. They are an emerging cause of health care–

associated outbreaks of infection, especially among crit-

ically ill and immunocompromised patients [2, 3].

In March 2003, soon after the beginning of the US
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Military’s combat operations in Iraq known as Operation Iraqi

Freedom (OIF), a marked increase was observed in the number

of multidrug-resistant ABC infections among inpatients at

Landstuhl Regional Medical Center (LRMC; Landstuhl, Ger-

many) and at Walter Reed Army Medical Center (WRAMC;

Washington, DC). Most injured service members were initially

treated at these 2 facilities after evacuation from Iraq. Many of

these infections were detected at or soon after hospital admis-

sion to LRMC or WRAMC, but the source of the infections

was not apparent [4]. Here we present the results of our in-

vestigation of several possible sources for this outbreak, which

include preinjury skin colonization, introduction at the time

of injury from environmental soil contamination, and acqui-

sition after injury during treatment in health care facilities.

MATERIALS AND METHODS

Characterizing the Outbreak

From March through October 2003, we used an electronic data

collection form to gather demographic, clinical, and microbi-

ological data for the initial 70 inpatients at LRMC and WRAMC

who had clinical culture results that were positive for ABC.

Data sources included paper medical records, electronic med-

ical records (Clinical Information System; CliniComp), the

Composite Healthcare System computerized hospital infor-

mation system, and the Vitek 1 and 2 (bioMérieux). We also

collected information on the specific movements through the

military aeromedical evacuation system of 19 (27%) of these

70 patients using the Department of Defense Transportation

Command Regulating and Command and Control Evacuation

System (TRAC2ES) [5].

Outbreak Source Investigation

Evaluation for ABC skin colonization. We evaluated 2 in-

dependent groups. From 23 September through 20 October

2004, we screened 96 ambulatory US casualties who had been

evacuated from Iraq to LRMC and who had no known prior

hospitalization in Iraq. From 25 October through 23 December

2004, we screened 102 casualties (including both US and Iraqi

patients), either at initial presentation to the Emergency Treat-

ment Area or at admission to the intensive care unit in the US

Military field hospital in Baghdad (Iraq). We used either a single

culture swab (BBL culturette with liquid Amies; BD Diagnos-

tics) to sample the skin in both the axilla and groin areas, or

2 swabs to sample the axilla and groin areas separately.

Environmental sampling (soil and health care facilities).

We obtained samples from the environment in 5 field hospitals

in Iraq (Baghdad, Dogwood [located southwest of Baghdad],

Mosul, Tikrit, and Balad) and 2 field hospitals in Kuwait. At

Field Hospital Baghdad, a facility that had a clinical microbi-

ology laboratory, the laboratory officer conducted periodic en-

vironmental sampling of selected treatment areas by passing

cotton-tipped transfer swabs over sample surfaces. At the other

field hospitals (none of which had a microbiology laboratory),

environmental sampling was performed using a standardized

sampling protocol developed for this investigation. Sampling

kits, containing 25 swabs, were used to sample selected surfaces

in and around treatment areas and the soil environment within

25 m of the field hospital. Copan Venturi swabs (Copan Di-

agnostics) were passed over sample surfaces, labeled, and

shipped at room temperature by express courier to WRAMC

for processing. A total of 49 soil samples were evaluated; 18

soil samples were collected during environmental sampling us-

ing the standard protocol and 31 were archived soil samples.

The archived soil samples were collected during the period

March 2003 through December 2004 from locations through-

out Iraq and Kuwait during routine combat theater environ-

mental assessment. The archived soil samples were stored in

screw-top Teflon jars (Savillex) at 2�C–6�C at the US Army

Center for Health Promotion and Preventive Medicine (Ab-

erdeen Proving Ground, MD).

Laboratory Isolation and Species Identification

Environmental sample swabs obtained from Field Hospital

Baghdad were streaked across BBL trypticase with 5% sheep

blood and BBL MacConkey agar (Becton Dickinson) and in-

cubated at 35�C for 18–24 h. All other sample swabs were

streaked across BBL MacConkey agar and incubated at 35�C

for 18–48 h. Cotton-tipped swabs moistened with BBL tryp-

ticase soy broth (BD Diagnostics) were placed in soil samples

and streaked across BBL trypticase with 5% sheep blood and

BBL MacConkey agar and incubated at 35�C for 72 h. Organ-

isms were identified as ABC using standard automated bio-

chemical testing methods [6]. All available isolates were further

identified using 16S rDNA sequencing and compared with ref-

erence standards [7].

Phenotypic and Genotypic Characterization

All environmental and soil isolates obtained during the field

sampling, as described above, and isolates from inpatients

treated from March through October 2003 at 4 locations (Field

Hospital Baghdad, US Naval Ship Hospital USNS Comfort,

LRMC, and WRAMC) were collected for phenotypic and ge-

notypic characterization.

Molecular Typing

Clinical and environmental isolates were strain-typed using

PFGE (CHEF Mapper; Bio-Rad Laboratories) according to pro-

tocol, with modifications for Acinetobacter species [8]. Acine-

tobacter species DNA was digested with ApaI (New England

BioLabs). PFGE was performed with a 6.0 V/cm gradient, at a

120� angle, at 14�C, and with 7–20-s pulse times, for 18.5 h.

Gel images were analyzed using BioNumerics software (Applied
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Figure 1. Aeromedical evacuation route from Iraq and Kuwait to US Military hospitals in Europe and the United States. LRMC, Landstuhl Regional
Medical Center; USNS, US Naval Ship; WRAMC, Walter Reed Army Medical Center.

Maths). ABC strains with 190% similarity on the basis of Dice

coefficients were considered to be related.

Antimicrobial Susceptibility Testing

A random sample of the clinical isolates that were collected

from inpatients at WRAMC and that were representative of the

total genotypic diversity of the investigation and all available

health care environment and soil isolates were tested for an-

timicrobial susceptibility using the Clinical and Laboratory

Standards Institute broth microdilution procedure using in-

house, prepared frozen MIC panels [9]. Results were interpreted

using Clinical and Laboratory Standards Institute breakpoints

[10]. Intermediate susceptibility was classified as resistant.

Human Subjects Research Review

This work was conducted as a public health activity other than

research and under an Institutional Review Board–approved

protocol. Investigators adhered to the policies for protection

of human subjects as prescribed in Title 45 Code of Federal

Regulations part 46.

Statistical Analysis

The x2 test or Fisher’s exact test was used to compare pro-

portions. All reported P values were 2-sided. Statistical analysis

was performed using Stata software, version 8.0 (Stata

Corporation).

RESULTS

Characterizing the outbreak. Most of the initial 70 patients

who were identified were young (age, !35 years), male Army

soldiers who were wounded in combat operations in Iraq. They

required �1 surgical intervention, including fracture fixation

(50%), laparotomy (25%), and amputation (20%); 54% re-

quired receipt of mechanical ventilation immediately following

injury or during the subsequent hospital stay. ABC isolates

( ) were obtained from samples taken from extremitiesn p 131

(from wounds) (42 patients [32%]), from the airway (sputum,

tracheal aspirates, or bronchoalveolar lavage fluid; 32 patients

[24%]), of blood (14 patients [11%]), of urine (3 patients

[2%]), and from other/unknown sources (40 patients [31%]).

We could not determine from the available data whether isolates

collected from nonsterile sites were causing infection or

colonization

Patients were treated at several facilities during aeromedical

evacuation from Iraq. These included field medical facilities in

Iraq; the USNS Comfort, which was positioned in the Persian

Gulf; US Naval Hospital in Rota, Spain; LRMC; and WRAMC

(figure 1). For the subset of 19 patients for whom detailed

evacuation information was available, the mean number of fa-

cilities where patients were treated prior to admission to either

LRMC or WRAMC was 3.7 (range, 2–5 facilities). On average,

patients reached one of these facilities within 5.7 days after

injury.

Evaluation for ABC skin colonization. No ABC skin col-

onization was detected in the group of 96 evacuated ambulatory

US patients. Skin colonization by ABC was detected in 1 (2%)

of 64 US patients and in 4 (11%) of 38 Iraqi patients who were

screened at the time of presentation to Field Hospital Baghdad.

Environmental sampling (soil and health care facilities).

A total of 37 ABC isolates were obtained during the period of

sampling in and around 7 field hospitals in Iraq and Kuwait.

Thirty-six were isolated from samples of the field hospital en-

vironment, and 1 was isolated from soil surrounding the field

hospital. Most (68%) were collected in critical care treatment

areas (11 from intensive care units, 7 from operating rooms,

and 7 from emergency departments). In patient care areas, ABC
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Table 1. Summary of sampling scheme and Acinetobacter bau-
mannii-calcoaceticus complex (ABC) isolates recovered during
environmental sampling of field hospitals in Iraq (Dogwood and
Balad locations).

Field hospital location,
sample sites

No. of
samples
collected

Surfaces or sites
where ABC isolates

were recovered
(no. of isolates)

Dogwood
Tent wall 14 ICU tent wall (2)
ECU 22 Operating room

ECU (1)
Sink 2 ICU ECU (1)
Other 4 Sink (2)

Balad
Sink 12 ICU bed or litter (2)
Patient bed or litter 6 …
Other 12 …

NOTE. Samples were taken (2 swabs per surface or site) from tent walls
located in the intensive care units (ICUs; ), the emergency medical treat-n p 2
ment (EMT) area, the hospital logistics areas ( ), the dining facility, andn p 2
the shower facility; from environmental control units (ECUs; heaters or air
conditioners) located in the operating rooms ( ), the preoperative area,n p 2
the operating room clean medical supply area, the operating room break area,
the ICUs ( ) and EMT area, the radiography department, the laboratory,n p 2
and the Patient Administration Division area; from sinks in the laboratory, the
blood bank, the radiography department, the EMT area, the specialty clinic,
and the ICUs; from the laundry drainage bin, the preoperative area (not oth-
erwise specified [NOS]); from a patient bed or litter in the EMT area, the ICUs,
and the specialty clinic; and from the dental clinic (NOS), the pharmacy (NOS),
the laboratory ECU’s dripline, shower drainage, and the hand wash station at
the latrine.

isolates were recovered from operating room equipment (an-

esthesia machine [ ], operating room table [ ] andn p 2 n p 1

light [ ], unspecified locations in the operating roomn p 1

[ ], environmental control units [i.e., heaters and air con-n p 2

ditioners; ], patient beds [ ], sinks [ ], andn p 2 n p 12 n p 8

tent walls [ ]). ABC isolates were also recovered from othern p 2

locations, including an environmental control unit ( ),n p 1

environmental control unit drip lines or soil bags ( ), an p 4

drinking water source ( ), and soil outside a field hospitaln p 1

nutrition care section ( ). No ABC organisms were re-n p 1

covered from the 31 archived soil samples.

Twenty-five (20%) of the 125 environmental samples col-

lected from the Dogwood, Mosul, Tikrit, and Balad hospital

locations yielded ABC isolates. Detailed records of the sampling

conducted were only available from Dogwood and Balad (table

1). Among positive samples (8 total) from these 2 field hos-

pitals, 6 (17%) of 36 were from patient care areas and 2 (8%)

of 36 were from other locations.

Phenotypic and genotypic characterization. Thirty-seven

environmental and soil isolates and 170 isolates from 145 in-

patients (121 US and 24 non-US inpatients) who were treated

between March and October 2003 at 4 locations (Field Hospital

Baghdad, US Naval Ship Hospital USNS Comfort, LRMC, and

WRAMC) were collected for phenotypic and genotypic

characterization.

Species identification. A total of 201 of the 207 isolates

(37 of 37 environmental isolates and 164 of 170 clinical isolates)

were identified using 16S rDNA sequencing. One hundred

ninety-seven isolates (98%) were ABC organisms. Among the

clinical isolates, 86 (52%) were A. baumannii and 78 (48%)

were other ABC organisms (unnamed Acinetobacter species).

Among the environmental isolates, 7 (19%) were A. baumannii,

26 (70%) were ABC excluding A. baumannii, and 4 (11%) were

Acinetobacter species not including ABC species. The 1 ABC

isolate identified in a soil sample was an unnamed other Aci-

netobacter species.

Molecular typing. A total of 204 of the 207 isolates (34 of

37 environmental isolates and 170 of 170 clinical isolates) were

characterized using PFGE. There were 66 different PFGE strains

identified among the 170 clinical isolates and 25 different PFGE

strains identified among the 34 environmental isolates. There

were 5 cluster groups (in which �1 environmental isolate was

genetically related to patient isolates) (figure 2 and table 2).

The largest cluster group (cluster group A) included 45 isolates

from 43 patients treated at 4 different US Military hospitals

and a genetically related environmental isolate obtained from

an operating room at Field Hospital Baghdad. This group in-

cluded isolates from both US and non-US patients and from

both OIF casualties and inpatients in US Military hospitals with

no link to OIF. In the other 4 cluster groups, environmental

isolates from critical care treatment areas in 4 other field hos-

pitals were related to isolates from 13 OIF patients who were

hospitalized at WRAMC and LRMC (table 2).

Antimicrobial susceptibility testing. The clinical isolates

from WRAMC ( ) showed broad resistance to fluoro-n p 98

quinolones (33% susceptible), cephalosporins (22% suscepti-

ble), and piperacillin/tazobactam (11% susceptible). Only im-

ipenem (90% susceptible), polymixin B (99% susceptible), and

colistin (99% susceptible) yielded high susceptibility rates. En-

vironmental isolates ( available) were generally moren p 35

susceptible than clinical isolates (table 3).

DISCUSSION

ABC organisms have been identified as causes of infection

among critically ill patients with traumatic injuries, both in war

and in situations of natural disaster [11–13]. Some prior reports

have attributed the source to environmental exposure, whereas

others have associated these infections with hospital acquisition

[11–13]. Soon after the initiation of OIF, there was a dramatic

increase observed in the number of ABC infections among

patients in the US Military health care system. Most of the

infections were caused by highly antimicrobial-resistant organ-

isms and occurred in patients who were critically ill and who

had severe traumatic injuries. Our investigation was undertaken
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Figure 2. PFGE dendrogram of Acinetobacter baumannii-calcoaceticus complex outbreak cluster groups, by location of isolate collection. A repre-
sentative sample of 10 of the 46 cluster group A isolates were included, given space considerations. LRMC, Landstuhl Regional Medical Center
(Landstuhl, Germany); WRAMC, Walter Reed Army Medical Center (Washington, DC).

to determine the source of the infections, to help guide the

implementation of preventive and infection-control measures.

We hypothesized that infection may have resulted from �1 of

3 sources: preinjury skin colonization, introduction of the or-

ganism at the time of injury, and acquisition after injury during

treatment in health care facilities. Our findings suggest that the

source of this outbreak of multidrug-resistant ABC infection

is likely multifactorial, and that the primary source is noso-

comial transmission of organisms occurring in field hospitals.

Because only 1 of 160 US soldiers who were screened was

colonized with ABC, we concluded that it was unlikely that

preinjury skin colonization was a major contributing factor in

this outbreak. We isolated only 1 ABC organism from 49 soil

samples evaluated, and it was not genetically related to any of

the clinical isolates. Had soil inoculation at the time of injury

been the major source of infection, we would have expected

to see a preponderance of isolates from samples taken from

wounds; rather, we collected a significant number of isolates

from nonwound sources. Thus, we concluded that introduction

of the organism from environmental contamination at the time

of injury was a possible, but unlikely, source of the outbreak.

These findings are consistent with findings by Murray et al.

[14] that Acinetobacter species were not isolated from wounds

immediately after or soon after injury from casualties who were

treated at a US Military field hospital in Iraq.

Our data do support a role for environmental contamination

and transmission of organisms within health care facilities. ABC

organisms were isolated from patient treatment areas in all 7

field hospitals sampled. Using PFGE, we identified 5 ABC clus-

ter groups, each of which included isolates from �1 hospital-

ized patient that were genetically related to an environmental

isolate recovered from a field hospital. Furthermore, strain typ-

ing demonstrated that clinical isolates recovered from 3 patients

hospitalized at a military medical facility in the United States

who had not been deployed to OIF were genetically related to

an environmental isolate recovered from a field hospital in Iraq.

Additionally, our findings that the ABC isolates obtained from

environmental samples were generally more antimicrobial sus-

ceptible than those isolates obtained from clinical specimens

suggest that selective antibiotic pressure caused by treatment

of patients with broad-spectrum antimicrobial agents may have

contributed to the degree and complex nature of the multidrug

resistance that we observed [15]. Last, the finding that non-US

patients who presented to Field Hospital Baghdad had higher

skin colonization rates than did US patients suggests the pos-

sibility that these patients, who typically experienced longer
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Table 2. Summary of Acinetobacter baumannii-calcoaceticus complex isolates re-
covered from environmental samples of field hospitals that were genetically related
to clinical isolates recovered from patients in multiple medical treatment facilities
(“cluster groups”).

Location (field hospital)

Site where
environmental strain

was isolated
Cluster
groupa

Total no. of
patients with the strain

(no. in each hospital)

Baghdad Old ORb A 43 (2 in Baghdad, 18
in Comfort, 6 in
LRMC, and 19 in
WRAMC)c

Baghdad New ORb B 4 (2 in LRMC and 2 in
WRAMC)

Dogwood ECU in OR C 7 (7 in WRAMC)
Dogwood and Mosuld ICU tent wall, ICU sink D 1 (1 in LRMC)
Kuwait ICU bed E 1 (1 in LRMC)

NOTE. ECU, environmental control unit (heater/air conditioner); EMT, emergency treatment area;
ICU, intensive care unit; LRMC, Landstuhl Regional Medical Center (Landstuhl, Germany); OR, op-
erating room; WRAMC, Walter Reed Army Medical Center (Washington, DC).

a PFGE strain “cluster” containing both patient clinical isolates and environmental isolates.
b Specific location in OR was not specified.
c Includes 2 patients with isolates recovered at both LRMC and WRAMC.
d PFGE strain cluster D isolated from 1 patient at LRMC and from the environment at field hospitals

at Mosul and Dogwood.

hospital stays in field hospitals and who were often transferred

between US and Iraqi hospitals, may have served both to in-

troduce the organism to US field hospitals and as a transmission

reservoir. The higher rates of infection with ABC organisms

observed among non-US inpatients, compared with US inpa-

tients at Field Hospital Baghdad by Yun et al. [16], supports

the hypothesis that non-US patients with prolonged stays in

US field hospitals may have served as potential reservoirs of

health care–associated infection.

Our findings highlight the emerging challenges that Acine-

tobacter species pose to both military and civilian health care

settings. First, Acinetobacter species can persist in the environ-

ment for long periods, and environmental contamination has

been implicated as the source of many health care–associated

outbreaks [17–20]. The challenge posed by an environmental

reservoir is greatly enhanced in the combat situations in Iraq.

The temporary nature of field hospitals amidst desert environ-

mental field conditions make environmental cleaning more dif-

ficult, while the frequent influxes of large numbers of casualties

over short periods of time increases the risk of environmental

contamination with Acinetobacter species and challenges the

implementation of standard infection-control practices. Sec-

ond, multidrug resistance frequently limits treatment options.

Only imipenem and the polymyxins had in vitro activity against

190% of the organisms tested. Consequently, clinicians relied

on colistin, an older antimicrobial agent with a reported history

of considerable toxicity [21], to treat a number of infections

in this outbreak.

Several important limitations of this investigation must be

considered. First, detailed information regarding injury date,

location in Iraq where injury was sustained, initial treatment

facilities, and evacuation route was available for only a small

group of patients. Secondly, all isolates were not available for

study; this may have limited our ability to identify additional

strains that were common to patients and the environment.

Third, the storage duration and conditions of the archived soil

samples may have resulted in limited recovery of soil isolates.

In addition, we are unable to determine how representative

these soil samples are of all the possible different soil inocula

that could have been introduced in wounds at the time of

injury. Thus, our findings may underestimate the significance

of soil as a source in this outbreak. Fourth, field hospital sam-

pling was not uniformly performed, and sample records were

incomplete. This limits direct comparisons of the extent of

contamination among areas within a field hospital and among

different field hospitals. Fifth, most patients had extensive ex-

posure to health care facilities before they reached a facility

where surveillance and diagnostic cultures were performed.

This limits our ability to classify infections using definitions of

nosocomial transmission on the basis of the duration of ex-

posure to a hospital environment. Sixth, data that identified

isolates as causing infection or colonization were not uniformly

collected. This further limits our ability to identify likely sources

of acquisition and transmission. Last, the observed difference

in colonization rates between non-US and US patients pre-

senting to Field Hospital Baghdad may reflect small sample

sizes, rather than true differences.

Staff in military hospitals in the United States have responded
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Table 3. Summary of antibiotic susceptibility testing of Acinetobacter baumannii-calcoaceticus
complex clinical isolates from Walter Reed Army Medical Center ( ) and environmentaln p 98
isolates ( ).n p 35

Antibiotic

Environmental samples Clinical samples

P
Total no.

of samples

Susceptible
samples,
no. (%)

Total no.
of samples

Susceptible
samples,
no. (%)

Ampicillin-sulbactam 35 32 (91) 98 35 (36) !.001
Amikacin 35 34 (97) 97 56 (58) !.001
Gentamicin 35 28 (80) 97 18 (19) !.001
Tobramycin 35 28 (80) 97 33 (34) !.001
Ciprofloxacin 35 34 (97) 97 31 (32) !.001
Levofloxacin 35 34 (97) 97 32 (33) !.001
Imipenem 35 35 (100) 97 87 (90) .040
Trimethoprim- sulfamethoxazole 35 27 (77) 96 25 (26) !.001
Piperacillin-tazobactam 35 10 (29) 97 11 (11) .020
Cefepime 35 25 (71) 97 21 (22) !.001
Cefotaxime 35 5 (14) 97 3 (3) .031
Ceftazidime 35 15 (43) 97 16 (17) .002
Polymyxin B 35 35 (100) 97 96 (99) .999
Colistin 35 33 (94) 97 96 (99) .178

NOTE. Antibiotic susceptibility testing was performed using broth microdilution.

to this outbreak by reemphasizing infection-control procedures,

including strict hand hygiene, contact isolation, patient co-

horting, judicious antimicrobial use, active surveillance for ABC

colonization, and increased staff education. In US field hospitals

in Iraq, maintaining dedicated operating rooms for patients

who are known to be infected with ABC, intraoperative wound

dressing management, cohorting of infected patients when pos-

sible, instating antibiotic prescribing guidelines, and pursuing

the continual education of staff have been implemented. These

measures have limited health care–associated transmission

within WRAMC; however, rates of colonization with ABC at

admission for patients involved in OIF who were hospitalized

at WRAMC have remained stable. The implementation of in-

fection-control measures in field hospitals remains challenging.

Advances in battlefield surgical care have improved combat

casualty survival [22–24]. To continue to improve the outcomes

of these casualties, limiting transmission of health care–asso-

ciated infections like those due to multidrug-resistant ABC is

necessary. Even under the controlled setting of a permanent,

noncombat hospital, management of outbreaks of Acinetobacter

infection is difficult [25, 26]. Even greater challenges exist in

the combat setting. Regardless of how Acinetobacter species

initially enters the military health care system, novel infection

control strategies may be needed to help limit the spread of

multidrug-resistant organisms, such as ABC, in field hospitals.

These advances will have important implications for both mil-

itary and civilian hospitals, and may lead to better control of

all health care–associated pathogens.

Acknowledgments

We gratefully acknowledge Drs. Fred Tenover and Dan Jernigan at the
Centers for Disease Control and Prevention (Atlanta, GA) for the critical
editorial assistance that they provided in the development of this manu-
script, and Dr. Nathan Keller at the Sheba Medical Center (Tel Hashomer,
Israel) for generously sharing his experience with Acinetobacter species
outbreak investigations. We would also like to gratefully acknowledge the
specific contributions made by the individual members of the Acinetobacter
Outbreak Investigation Team: David Dooley and Duane Hospenthal (expert
consultation; Brooke Army Medical Center, Ft. Sam Houston, TX); Helen
Crouch, Paula Gray, and Christopher Florez (data collection; Brooke Army
Medical Center); Roberta B. Carey and Kristy Kubota (expert consultation;
Centers for Disease Control and Prevention); Laura Jevitt, David Lonsway,
and Portia Williams (data acquisition and laboratory support; Centers for
Disease Control and Prevention); Joseph Malone and Clara Witt (expert
consultation; Department of Defense, Global Emerging Infection Surveil-
lance and Response System, Silver Spring, MD); Jay Mansfield (data ac-
quisition; Department of Defense, Global Emerging Infection Surveillance
and Response System); Wade Aldous and Abel Trevino (data acquisition
and laboratory support; Landstuhl Regional Medical Center, Landstuhl,
Germany); Dallas Hack and Andrew O’Brien (study supervision; Multi-
national Forces–Iraq, Baghdad, Iraq); Sydney Lee (data acquisition; Walter
Reed Army Institute of Research, Silver Spring, MD); Warren Sateren
(graphical support for manuscript preparation; Walter Reed Army Institute
of Research); Jane Pool and Andrew Shorr (expert consultation; Walter
Reed Army Medical Center, Washington, DC); Fluryanne Leach, Marie Pe,
and Amy Summers (data acquisition; Walter Reed Army Medical Center);
Kerry Snow (study supervision; Walter Reed Army Medical Center); Jack
Heller (study supervision; US Army Center for Health Promotion and
Preventive Medicine, Aberdeen Proving Ground, MD); and Warren Wort-
mann and Shaina Zobel (data acquisition; US Army Center for Health
Promotion and Preventive Medicine).

Financial support. United States Army Center for Health Promotion
and Preventive Medicine (Aberdeen Proving Ground, MD).

Potential conflicts of interest. All authors: no conflicts.



1584 • CID 2007:44 (15 June) • Scott et al.

References

1. Baumann P. Isolation of Acinetobacter from soil and water. J Bacteriol
1968; 96:39–42.

2. Chastre J. Infections due to Acinetobacter baumannii in the ICU. Semin
Respir Crit Care Med 2003; 24:69–78.

3. Landman D, Quale JM, Mayorga D, et al. Citywide clonal outbreak of
multiresistant Acinetobacter baumannii and Pseudomonas aeruginosa in
Brooklyn, NY: the preantibiotic era has returned. Arch Intern Med
2002; 162:1515–20.

4. Centers for Disease Control and Prevention. Acinetobacter baumannii
infections among patients at military medical facilities treating injured
U.S. service members, 2002–2004. MMWR Morb Mortal Wkly Rep
2004; 53:1063–6.

5. Transcom regulating and command and control evacuation system
(TRAC2ES). 1998. Available at: http://www.globalsecurity.org/military/
library/budget/fy1998/dot-e/airforce/98trac2es.html. Accessed 14 Oc-
tober 2005.

6. Schreckenberger PC, von Graevenitz A. Acinetobacter, Alcaligenes, Mor-
axella, Methylobacterium and other nonfermentative gram-negative
rods. In: Murray PR, Baron EJ, Pfaller MA, Tenover FC, Yolken RH,
eds. Manual of clinical microbiology. 7th ed. Washington, DC: ASM
Press, 1999:539–60.

7. Ibrahim A, Gerner-Smidt P, Liesack W. Phylogenetic relationship of
the twenty-one DNA groups of the genus Acinetobacter as revealed by
16S ribosomal DNA sequence analysis. Int J Syst Bacteriol 1997; 47:
837–41.

8. Centers for Disease Control and Prevention (CDC). PulseNet proto-
cols. Available at: http://www.cdc.gov/pulsenet/protocols.htm.Accessed
9 Mar 2006.

9. Clinical and Laboratory Standards Institute (CLSI). Methods for di-
lution antimicrobial susceptibility tests for bacteria that grow aerobi-
cally. 7th ed. Approved standard M7-A7. Wayne, PA: CLSI, 2006.

10. Clinical and Laboratory Standards Institute (CLSI). Performance stan-
dards for antimicrobial susceptibility testing. 16th informational sup-
plement: M100-S16. Wayne, PA: CLSI, 2006:16.

11. Kalenic S, Zele-Starcevic L, Jarza-Davila N, Jandrlic M. Infections in
war injuries [in Croatian]. Lijec Vjesn 1991; 113:233–5.

12. Oncul O, Keskin O, Acar HV, et al. Hospital-acquired infections fol-
lowing the 1999 Marmara earthquake. J Hosp Infect 2002; 51:47–51.

13. Maegele M, Gregor S, Steinhausen E, et al. The long-distance tertiary

air transfer and care of tsunami victims: injury pattern and microbi-
ological and psychological aspects. Crit Care Med 2005; 33:1136–40.

14. Murray CK, Roop SA, Hospenthal DR, et al. Bacteriology of war
wounds at the time of injury. Mil Med 2006; 171:826–9.

15. Hujer KM, Hujer AM, Hulten EA, et al. Analysis of antibiotic resistance
genes multidrug-resistant Acinetobacter sp. isolates from military and
civilian patients treated at the Walter Reed Army Medical Center. An-
timicrob Agents Chemother 2006; 50:4114–23.

16. Yun HC, Murray CK, Roop SA, Hospenthal DR, Gourdine E, Dooley
DP. Bacteria recovered from patients admitted to a deployed U.S. mil-
itary hospital in Baghdad, Iraq. Mil Med 2006; 171:821–5.

17. Aygun G, Demirkiran O, Utku T, et al. Environmental contamination
during a carbapenem-resistant Acinetobacter baumannii outbreak in an
intensive care unit. J Hosp Infect 2002; 52:259–62.

18. Das I, Lambert P, Hill D, Noy M, Bion J, Elliott T. Carbapenem-resistant
Acinetobacter and role of curtains in an outbreak in intensive care units.
J Hosp Infect 2002; 50:110–4.

19. Powell S, Perry J, Meikle D. Microbial contamination of non-disposable
instruments in otolaryngology out-patients. J Laryngol Otol 2003; 117:
122–5.

20. Webster CA, Crowe M, Humphreys H, Towner KJ. Surveillance of an
adult intensive care unit for long-term persistence of a multi-resistant
strain of Acinetobacter baumannii. Eur J Clin Microbiol Infect Dis
1998; 17:171–6.

21. Falagas ME, Kasiakou SK. Toxicity of polymyxins: a systematic review
of the evidence from old and recent studies. Crit Care 2006; 10:R27.

22. Cho JM, Jatoi I, Alarcon AS, Morton TM, King BT, Hermann JM.
Operation Iraqi Freedom: surgical experience of the 212th Mobile
Army Surgical Hospital. Mil Med 2005; 170:268–72.

23. Marshall TJ Jr. Combat casualty care: the Alpha Surgical Company
experience during Operation Iraqi Freedom. Mil Med 2005; 170:
469–72.

24. Chambers LW, Rhee P, Baker BC, et al. Initial experience of US Marine
Corps forward resuscitative surgical system during Operation Iraqi
Freedom. Arch Surg 2005; 140:26–32.

25. Bernards AT, Harinck HI, Dijkshoorn L, van der Reijden TJ, van den
Broek PJ. Persistent Acinetobacter baumannii? Look inside your medical
equipment. Infect Control Hosp Epidemiol 2004; 25:1002–4.

26. Denton M, Wilcox MH, Parnell P, et al. Role of environmental cleaning
in controlling an outbreak of Acinetobacter baumannii on a neurosur-
gical intensive care unit. Intensive Crit Care Nurs 2005; 21:94–8.


