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INTRODUCTION

Although not new to the civilian critical care com-
munity, infections with multidrug-resistant (MDR) 
Acinetobacter species were rare in the US Military 
Health System (MHS) before the wars in Afghanistan 
and Iraq. In fact, the marked increase in such infec-
tions immediately following these conflicts led some 
to postulate that MDR Acinetobacter species may be a 
result of human engineering with malicious intent, 
leading some news reports to refer to it as “Iraqi-
bacter.” However, there is no evidence supporting this 
contention. Acinetobacter species are environmentally 
hardy and difficult to eradicate from inanimate health-
care surfaces, but their relatively low virulence makes 
them poor candidates for weaponizing. In fact, even 
in the most severely war-wounded patients, Acineto-
bacter species infections are rarely fatal.1,2 Nonetheless, 
MDR Acinetobacter species pose an equally concerning 
risk to global public health as bacteria engineered for 
weapons use. 

Infection has always been a complication of war 
trauma. Treatment of traumatic wound infections 
has evolved over time, as a belief in “laudable pus” 
yielded to surgical debridement, and the emergence 
of penicillin in 1942 ushered in a period when recov-
ery from serious infections became possible, if not 
expected. However, the 21st century has witnessed 
the expansion of bacteria that are resistant to multiple 
antibiotics, and a dearth in new drug development has 
resulted in infections from bacteria that are resistant to 
virtually all available antibiotics. These MDR bacteria 
have become well recognized in hospitals around 
the world and are especially problematic in locations 
where antibiotic use is frequent, such as in intensive-
care units and long-term acute care facilities. During 
Operation Enduring Freedom (OEF) and Operation 
Iraqi Freedom (OIF), forward-deployed US medical 
facilities often provided acute care to service members 
who were rapidly medically evacuated, as well as to 
local national patients who required sustained care. 
Antibiotic use following traumatic injury to prevent or 
treat infection was the standard of care, and thus the 
stage was set for the selection of MDR bacteria, which 
subsequently spread through the evacuation chain. 
Although several different species of MDR bacteria 
emerged to complicate war trauma care, Acinetobacter 
calcoaceticus baumannii (ACB) complex first heralded 
the problem, which led to the investigations discussed 
in this chapter. 	

Bacteria of the genus Acinetobacter are glucose 
nonfermentative, nonfastidious, catalase-positive, 
oxidase-negative, strictly aerobic, gram-negative, 
coccobacilli (or pleomorphic) and commonly occur in 

diploid formation or in chains of variable length. How-
ever, different genospecies cannot be easily identified 
using traditional methods. Members of the genus have 
been classified in various ways; therefore it is difficult 
to understand the true status of the epidemiology and 
clinical importance of these organisms. Since 1986, the 
taxonomy of the genus Acinetobacter has undergone 
extensive revision. The original single species named 
Acinetobacter calcoaceticus has been abandoned, and 
at least 32 genospecies have now been proposed, 17 
of which have been correlated with species’ names. 
Identifying the members of the genus Acinetobacter to 
the species level by traditional methods is problematic. 
Acinetobacter baumannii (genospecies 2), Acinetobacter 
pittii (formerly known as Acinetobacter genospecies 
3), and Acinetobacter nosocomialis (formerly known as 
Acinetobacter genospecies 13TU) are genetically and 
phenotypically similar to A calcoaceticus (Acinetobacter 
genospecies 1) and hence are grouped in the so-called 
ACB complex. Molecular methods are needed to 
identify members of the complex to the species level 
because each member has a distinct antimicrobial sus-
ceptibility profile and shows different clinical charac-
teristics. In this chapter, we use the term Acinetobacter 
or ACB interchangeably and to indicate the overall 
phenotype that includes the four most clinically rel-
evant species mentioned above. These have gained 
notoriety for a predilection to cause nosocomial infec-
tions and to develop resistance to multiple antibiotics.3         

The importance of ACB has been recognized with 
its inclusion in the ESKAPE pathogens (Enterococcus 
faecium, Staphylococcus aureus, Klebsiella pneumoniae, 
ACB, Pseudomonas aeruginosa, and Enterobacter species), 
a group of bacteria identified by the Infectious Diseases 
Society of America that risk becoming resistant to all 
available antibiotics.4 ACB is predominantly associated 
with medical technology, as most infections occur in 
the setting of artificial ventilation (ventilator-associated 
pneumonia), intravenous access (line-associated bacte-
remia) or urinary catheterization (urinary tract infec-
tions).5 Although spontaneous, invasive infection of 
immune-competent patients appears to be uncommon, 
infections associated with trauma have been reported. 
Following an earthquake in Turkey in 1999, a local 
hospital experienced an 18.6% rate of hospital-acquired 
infection (HAI; predominantly wound infections) 
with MDR ACB being the most commonly isolated 
pathogen.6 In 2002, 62% of trauma victims following 
a bombing in Bali had ACB infections, and in 2004 
MDR ACB was discovered in 18% of cultures among 
injured tsunami victims evacuated from Thailand to 
Germany.7,8  
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The presence or relative absence of ACB as a “mili-
tarily relevant” pathogen prior to 1970 is unknown. 
Among casualties of the Korean War, at least one blood 
culture was reported to grow Achromobacter species,9 
and during the Vietnam conflict, the predominant 
gram-negative pathogen recovered from a series of 
30 Marines was in the Mimeae-Herellea-Bacterium-
Alcaligenes group, which is postulated as being ACB. 
However, it is unclear if any of these bacteria would 
be classified as ACB using current taxonomy. Further-
more, the organism was not prevalent in other studies 
of combat wounds during either war.10–14  The numbers 
of US casualties in Operations Just Cause (Panama, 
1989–1990), Desert Storm/Shield (Iraq, 1990–1991) and 
Restore Hope (Somalia, 1992–1993) were relatively low, 
and ACB infection was not reported.15  

US forces entered Afghanistan in 2001 in support of 
OEF and Iraq in 2003 in support of OIF, and military 
healthcare providers shortly thereafter began noting 
an increase in the number of patients infected with 
ACB. A collaborative report from military physicians 
and the Centers for Disease Control and Prevention 
was published in 2004, highlighting 102 injured ser-
vice members whose blood cultures grew ACB. Most 
of these cases were reported from Landstuhl Regional 
Medical Center (LRMC) and Walter Reed Army Medical 
Center (WRAMC), with 32 OIF and 29 OEF bacteremic 
patients. The number of patients with ACB bloodstream 
infections in 2003 and 2004 exceeded those reported in 
previous years (one case during 2000–2002 at LRMC, 
and two cases during 2001–2002 at WRAMC).16 A re-
view of 211 trauma casualties evacuated from Iraq to 
the United States Naval Ship (USNS) Comfort during the 
first month of OIF) in 2003 revealed 44 cultures positive 
for Acinetobacter species, representing 33% of all isolates. 
Specifically, 36% of wound isolates and 41% of blood-
stream isolates were of Acinetobacter species.17 A review 
of MDR bacteria at WRAMC demonstrated a marked 
increase in the incidence of ACB infections, peaking in 
2004 (Figure 13-1), and a study using multilocus poly-
merase chain reaction (PCR) and mass spectrometry to 
genotype isolates demonstrated that some of the strains 
belonged to an atypical and evolving group of isolates, 
distinct from those found at nonmilitary hospitals in 
the United States.18,19 Additionally, molecular typing of 
isolates from one of the worst outbreaks of MDR ACB 
in the MHS occurred at WRAMC and revealed eight 
major clone types,  60% of which were related to the 
three International Clonal Complex (ICC) types, sug-
gesting multiple independent origins.20, 21 

The clinical impact of the ACB outbreak associated 
with OIF/OEF was acute, with lingering downstream 
effects. A retrospective study of 93 war-related trauma 
patients at WRAMC with ACB bacteremia determined 

that there was a median of 1 day between admission 
and detection of infection. Of these isolates, 86% were 
resistant to multiple antibiotics. The 30-day mortality 
rate in this group of patients was only 2%, and those 
2 patients died from massive pulmonary emboli be-
lieved to be unrelated to ACB bacteremia. The authors 
concluded that the absence of severe comorbidities 
(as measured by the Acute Physiology and Chronic 
Health Evaluation II score and Charlson comorbidity 
index), compared to cohorts of patients in other pub-
lished reports of ACB bacteremia, contributed to the 
low mortality rate.1 

Along with bacteremia, military providers began 
noting the development of ACB wound and burn 
infections, as well as osteomyelitis. Davis et al re-
ported 23 patients with MDR ACB, 18 of whom had 
osteomyelitis, 2 with burn infections, and 3 with deep 
wound infections. Within a mean follow-up period of 9 
months, all patients were cured of infection.22 ACB was 
reported to be the most prevalent organism recovered 
from military burn patients injured during operations 
in Iraq and Afghanistan, with the percentage of ACB 
resistant to four classes of antimicrobial agents increas-
ing from 17% in 2003 to 2005 to 49% in 2006 to 2008.23,24 
Trauma-related skin and soft-tissue infections were 
reported by Sebeny et al, who reported their findings 
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Figure 13-1. Annual incidence of drug-resistant organisms 
isolated from clinical specimens at Walter Reed Army Medi-
cal Center (2000–2006). 
ESBL: extended-spectrum β-lactamase-producing organisms
MRSA: methicillin-resistant Staphylococcus aureus
VRE: vancomycin-resistant enterococci
© 2008 by The Society for Healthcare Epidemiology of 
America. Originally published in Infecton Control and Hospital 
Epidemiology 2008;29:661-63. Used with permission.
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in eight patients with infection due to ACB.25 Osteo-
myelitis was noted in several cohorts, often in associa-
tion with orthopedic fixation devices.26,27ACB central 
nervous system infection associated with trauma was 
reported in several cases.28,29 

In addition to causing infectious complications in 
traumatically injured patients, ACB developed resis-
tance to multiple classes of antibiotics, posing treat-
ment challenges to clinicians. At both WRAMC and 
Brooke Army Medical Center (BAMC), the prevalence 
of MDR ACB rose dramatically during the course of 
OIF/OEF. At BAMC, the percentage of MDR ACB 
rose from 4% to 55% between 2001 and 2008, while at 
WRAMC the percentage of ACB that was susceptible 
to imipenem dropped from 100% in 2002 to 61% in 
2006.19,30 Faced with the loss of traditional antibiotics, 
physicians turned to other agents, including tigecy-
cline, minocycline, and colistimethate sodium.31–33 The 
switch to second-line agents came at a cost, however, 
as the incidence of acute renal failure (defined as the 
first three criteria in the RIFLE acronym [risk, injury, 
failure, loss, and end-stage renal disease]) in 66 patients 
who received colistimethate sodium was 45%; and 21% 
of patients stopped therapy because of nephrotoxicity. 
Fortunately, renal function returned to normal once 
colistimethate sodium was stopped. 

In summary, prior to OIF/OEF, ACB had been 
recognized as a pathogen among hospitalized pa-
tients, and scattered reports had noted an association 
with civilian trauma. However, its emergence as a 
pathogen associated with war trauma was unex-
pected, as was the breadth of its clinical presentation 
(including bacteremia, skin and soft-tissue infec-
tion, meningitis, and osteomyelitis). The organism’s 
ability to develop resistance to multiple antibiotics 
complicated treatment decisions, leading to the use 
of more toxic agents. Healthcare on the modern 
battlefield now extends from the point of injury to 
US-based, Echelon V (Level V) facilities, separated 
by a transit time of only a few days. Traumatically 
wounded patients are cloistered in an intensive-
care environment, supported by invasive medical 
devices (ventilators, chest tubes, urinary catheters 
and intravenous lines), and administered antibiot-
ics that invariably select for resistant pathogens. In 
retrospect, the emergence of a nosocomial pathogen 
was perhaps inevitable, and ACB was well posi-
tioned to exploit the opportunity. Trauma-induced 
disruption of anatomic barriers to infection and 
antibiotic use appear to select for ACB, and thus 
the military healthcare system will likely face this 
challenge again in future conflicts. 

 EPIDEMIOLOGICAL CONSULTATION 

Mission

Lieutenant General James B Peake, who was Sur-
geon General of the Army and Commander, US Army 
Medical Command, ordered an epidemiological con-
sultation (EPICON) on August 27, 2004. The charge to 
the US Army Center for Health Promotion and Pre-
ventive Medicine (now the Army Public Health Com-
mand) included objectives that had typified military 
epidemiological investigations for decades and now 
addressed ACB. Descriptive and risk-factor analysis, 
identification of sources of infection, and recommenda-
tions for control, prevention, and future surveillance 
were all expected. However, the scope and complexity 
of the ACB problem prompted an approach that dif-
fered substantially from previous outbreak responses. 
A multicenter effort was organized that included the 
Walter Reed Army Institute of Research (WRAIR) and 
the Department of Defense Global Emerging Infec-
tions Surveillance and Response System (DoD-GEIS), 
in addition to four hospitals in the chain of medical 
evacuation from Southwest and Central Asia: the 31st 
Combat Support Hospital (31st CSH in Iraq, Level 
III), LRMC (Level IV), WRAMC (Level V), and BAMC 
(Level V). Twenty principal personnel, including four 

civilians, provided data or conducted local studies to 
support the investigation; these included clinicians, 
epidemiologists, infection control practitioners, mi-
crobiologists, an environmental scientist, and a statis-
tical programmer. Numerous other individuals from 
various military organizations served as consultants or 
collaborators, including Navy and Air Force personnel, 
and advice from medical and laboratory contacts with 
ACB experience in other countries, particularly those 
in Southwest Asia, was also obtained.34

The three-way networking of public health, re-
search, and clinical assets was not a new endeavor; 
neither was applying tools like genetic fingerprinting, 
web-based data collection, and multipoint conferenc-
ing. Nevertheless, bringing these together in response 
to the ACB problem seriously threatening hospitalized 
military beneficiaries set a new precedent for the MHS; 
just as the coordinated, international response to se-
vere acute respiratory syndrome, on a broader scale, 
had set a new precedent for global public health the 
previous year. 

Acinetobacter infections had been rare at LRMC and 
WRAMC; but cases began to emerge in 2002 during the 
first year of OEF in Afghanistan and their frequency ac-
celerated immediately after OIF began in March 2003. 
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Since microbiology and clinical data within military 
hospitals were archived, confirmation of an outbreak 
at LRMC and WRAMC was rather straightforward. 
Even after adjusting for the number of admissions, 
intensive-care bed days, and the frequency of culture 
specimen collection, rates of all types of ACB infection 
exceeded historical counts at these hospitals. At LRMC, 
36 bloodstream infections were observed in 2003 and 
2004, compared to only 4 in the preceding 3 years. At 
LRMC and WRAMC combined, the average number of 
ACB isolates had increased from 1 per month during 
2002 to 1 per day during 2003 and 2004.34

Among the aims of data analysis and interpreta-
tion by EPICON investigators were: (a) weighing the 
relative importance of wound contamination at the 
time of injury with that of nosocomial infection; (b) 
determining the role of Southwest or Central Asia as 
a geographic source, versus a primary role of intensive 
hospital care regardless of geographic location; and (c) 
distinguishing the importance of fomite versus person-
to-person transmission as an underlying propagation 
mechanism. It was not assumed a priori that these 
were mutually exclusive dichotomies; and much was 
already well known about ACB as a species complex, 
such as the ability of the organisms to colonize humans 
in addition to the inanimate, or built environment of 
the hospital, and soil and water.35 The newly accumu-
lated evidence was mixed with respect to each of these 
aims when considered individually; however, taken 
together, the findings empirically supported a set of 
practical countermeasures and ongoing surveillance 
procedures.34

First Reservoirs in the Combat Zone

A baumannii strain distribution across international 
borders has been described, with evidence of drug 
resistance transfering between globally distant hos-
pitals.36,37 Evidence of drug-resistant A baumannii as 
a growing problem in Southwest Asia was revealed 
during the outbreak in US military hospitals, both 
through investigators’ conversations with hospital 
infections experts in the region and through published 
reports.38,39 Also, surveillance at the 31st Combat Sup-
port Hospital in Baghdad had shown that non-US 
patients (coalition and local national) were colonized 
with ACB at a proportion that was more than five-fold 
that of US patients. Among hospital staff, 15 pairs of 
hands had been screened in one series, and none of the 
specimens grew ACB. During a 2-month period after 
the EPICON was initiated, 102 screening specimens 
from the US field hospital in Baghdad were obtained 
from patients receiving care in the emergency treat-
ment area or being admitted to intensive care. One (2%) 

of 64 US patients and 4 (11%) of 38 Iraqi patients were 
found to be colonized. Furthermore, the hospital ship 
providing Level III care in the Persian Gulf during the 
early weeks of OIF (USNS Comfort, discussed earlier) 
was receiving primarily Iraqi nationals when Acineto-
bacter isolates had become relatively common.17,25

Screening of 96 ambulatory patients evacuated 
from Iraq to Landstuhl from its usual catchment area 
revealed no ACB skin colonization. However, among 
472 inpatients admitted to LRMC during the same 
period, 19 (3.9%) had skin cultures that were positive 
for ACB. Patients admitted to intensive care had a 
colonization prevalence of 10% (relative risk [RR] = 2.8 
compared with regular ward admissions, P < 0.0001). 
Patients with ACB bloodstream infection were found 
to have the infection within 48 hours of arrival (over 
50% on the day of admission), suggesting acquisition 
before admission to Level IV in the most seriously af-
fected ACB patients.34

Analysis of locations in Iraq and Afghanistan from 
which patients were evacuated to Landstuhl over time 
revealed that the US hospital at Ibn Sina (Baghdad) 
contributed patients with the highest proportion colo-
nized or infected with ACB, and that originating from 
field hospitals in Iraq presented a higher risk than from 
Afghanistan. When the results of colonization studies 
at three echelons (Baghdad, LRMC, and WRAMC, 2003 
to 2004) were examined together, including stratifica-
tion between admission and discharge screening at 
LRMC and WRAMC, the proportions of patients with 
positive ACB cultures showed a clear, progressive 
increase with each level of care.34

At least one culture of the inanimate hospital en-
vironment from each of seven field hospitals (five in 
Iraq, two in Kuwait) was positive for ACB. Specific 
sampling locations were documented for 37 isolates. 
All of these were subjected to 16S rDNA (ribosomal 
deoxyribonucleic acid) sequencing, and 34 also un-
derwent pulsed field gel electrophoresis (PFGE). In 
addition, there were 170 isolates available from 145 
individuals tested in 2003 while they were inpatients 
at Baghdad, the USNS Comfort, LRMC, or WRAMC. All 
of these underwent PFGE, and 164 of them underwent 
16S rDNA sequencing. The results are in the Molecular 
Analysis section, but key to the issue of strain importa-
tion was the demonstration that 43 patients treated at 4 
different military hospitals were infected with related 
strains from a single cluster group which, in turn, was 
genetically related to an isolate derived from environ-
mental sampling of an operating room in the Baghdad 
field hospital. This group included both US and non-
US patients, and both those who had and those who 
had not deployed to the Central Command area of 
operations. No cultures were positive for ACB organ-
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isms when 31 archived soil samples from the general 
environment of Iraq and Kuwait were tested (collected 
March 2003 to December 2004 from various locations, 
not in the vicinity of hospitals).21 A separate report, also 
published in 2007 but focusing on Canadian soldiers 
with A baumannii ventilator-associated pneumonia, 
similarly described genetic linkage between a field 
hospital environmental isolate (from a ventilator intake 
filter in Afghanistan) and isolates from four soldiers 
whose hospital treatment continued in Canada. Link-
age to clinical specimens at Level IV (LRMC in these 
cases as well) was also found for three of the patients.40

Observations based on colonization and environmen-
tal studies of ACB may be confounded, biased, or diluted 
in significance when low-yield skin sampling sites are 
used for surveillance and colonization studies. This can 
also occur when reliance on routine cultures fails to 
distinguish A baumannii, the species most often causing 
opportunistic infection, from clinically less-significant 
species.41,42 During the EPICON, investigators found poor 
agreement between different body sites (eg, axilla versus 
groin, hands, feet, or forehead) at LRMC and BAMC 
when skin cultures were observed for ACB growth; 
and most isolates from environmental sampling were 
ACB other than A baumannii. Thus, a separate focus on 
clinical specimens, and the subjecting of both clinical and 
environmental isolates to species identification and mo-
lecular typing, provided critical data for the investigation. 

In addition to the EPICON, separate endeavors by 
Air Force personnel contributed data regarding ACB. 
In 2005, 83 environmental samples were taken from 
two C-141 aircraft used for aeromedical evacuation 
from Iraq to Germany, and from a deployed hospital 
of the Expeditionary Medical Dental Group (332nd 
EMDG, Balad Air Base, Iraq). The source locations 
included the walls, seats and floors from the front, 
middle, and back sections of the aircraft; the operating 
rooms (ORs) and wards of the hospital; and a variety 
of equipment (litters, litter straps, life pack monitor 
covers, and outer surface of endotracheal tubes). 
Also sampled were personnel working directly with 
patients while receiving, flying with, or transferring 
them. Three samples were taken from personnel work-
ing with patients from both the gloves and hands of 
caregivers. Finally, 16 of 58 patients who were trans-
ported during the observed flights were screened for 
ACB at LRMC. All of the environmental, equipment, 
personnel, and patient specimens were negative for 
ACB, except for one sample taken from a patient air 
warmer in the Balad hospital, which produced an 
imipenem-sensitive isolate. Of course, the possibility 
of colonization or contamination during transport of 
known, ACB-infected patients could not be ruled out.34

At the 332nd EMDG hospital, the surgical staff 

observed a significant reduction in ACB infections 
after implementing very aggressive infection control 
procedures, which indirectly supported the conclu-
sion that the outbreak at higher echelons of care was 
likely preceded by nosocomial transmission in field 
hospitals. Countermeasures applied in Balad included 
strict enforcement of contact precautions as well as 
standardized intraoperative wound management, 
imposed conservative use of antimicrobials, and ini-
tiated special interventions (ie, plastic draping for all 
OR entrances, opening an additional OR for the most 
contaminated wounds, opening an additional ward 
to reduce patient crowding, greater use of heat and 
bleaching for linen cleaning, and thorough cleaning 
of ORs and wards, including weekly filter and duct 
cleaning in environmental control units). 

Nosocomial Infection as the Dominant Problem

When the EPICON report was submitted in mid-
2005, nosocomial transmission had been clearly 
documented in at least 39 A baumannii infection cases 
at WRAMC, and three quarters of these were cross in-
fections in patients who were not evacuated from a de-
ployed setting, including four civilians who died with 
bloodstream infection as an underlying cause. There 
had also been a fatal case at LRMC in a non-OEF/OIF 
patient: a 63-year-old woman who had been admitted 
to the ward with exacerbation of chronic obstructive 
lung disease, and who initially improved. Unfortu-
nately the case went on to illustrate the serious impact 
ACB was having on persons completely unassociated 
with military operations. On hospital day 11, there was 
a sudden clinical deterioration, requiring the patient 
to be transferred to intensive care and mechanically 
ventilated. She expired the next day. Culture results 
supported the diagnosis of A baumannii pneumonia 
and bacteremia. During the patient’s hospital stay, at 
least five patients colonized with A baumannii had been 
admitted to the same ward and one of them stayed in 
the same room, but PFGE analysis distinguished the 
colonized patient’s strain from that of the deceased. 
However, an isolate completely matching that of the 
deceased was obtained from a patient staying in a dif-
ferent room on the same ward. This favored transmis-
sion by healthcare personnel over fomites in the room 
as an explanatory mechanism in this case.34

An analysis of nosocomial ACB transmission at 
WRAMC and BAMC revealed that the resulting 
infections primarily involved the respiratory tract, 
and that ACB acquisitions were primarily among 
civilian beneficiaries. Comparing 2004 with 2003 at 
LRMC and WRAMC combined, ACB wound speci-
mens accounted for a diminishing fraction of positive 
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cultures, while bloodstream infections increased as a 
proportion of ACB infections. At LRMC the respira-
tory tract was considered a likely portal of entry for 
many of the nosocomial infections and, after exclud-
ing specimens taken from the skin and wounds, the 
respiratory tract was also the most common site of 
infection. The urinary tract was not a major site of 
infection, but infection there was more common at 
WRAMC than at LRMC. 

The EPICON report concluded that 

While all stages of the military healthcare system can 
propagate or sustain the presence of A baumannii on 
patients, the initial source of the current outbreak ap-
pears to be the (Level III facilities) in Iraq and Afghan-
istan. Nosocomial transmission accounts not only for 
some of the infections at (higher echelons) but also 
for the initial infection of US troops who acquire 
the infection before or during strategic MEDEVAC 

[medical evacuation]. Patients with relatively long 
inpatient stays in these hospitals (especially non-US 
patients) represent a likely reservoir for transmission 
of the organism. Pre-hospital, primary wound infec-
tions in theater are not likely to have a significant role 
in transmission.34  

With respect to environmental surface contamina-
tion versus colonized people, both were linked suf-
ficiently to transmission to warrant both enhanced 
sanitation (room, equipment) and strict personal hy-
giene. Despite such measures, control of nosocomial 
transmission and of further progression toward drug 
resistance continued to prove extremely challenging 
for the MHS in the years following recognition of the 
A baumannii outbreak.43  Nevertheless, it is highly likely 
that morbidity and mortality would have continued 
to increase without strict preventive interventions, as 
now promulgated in national guidelines.44

MOLECULAR ANALYSIS

Strain Collection and Sampling

Around April 2003, physicians in the MHS noticed 
a marked increase in the number of Acinetobacter infec-
tions within Level IV and Level V medical treatment 
facilities (MTFs). The formal investigation described 
in the previous section was launched the following 
year. A critical part of the EPICON was to, “identify 
the cause(s) or source(s) of infection.” More than 200 
clinical and environmental isolates were collected from 
148 different patients and 37 environmental isolates 
collected in and around 7 deployed field hospitals in 
the Central Command area of responsibility. These 
isolates were referred to WRAIR for genetic analysis. 
The results of this EPICON were published in the 
journal Clinical Infectious Diseases.21   

Genetic Analysis, Characterization, and Identifica-
tion of the Source

Molecular epidemiology was performed on the 
clinical and environmental Acinetobacter isolates using 
PFGE and 16S rDNA sequencing in a single-blinded 
study.21,45 A total of 201 of the 207 isolates were identi-
fied using 16S rDNA sequencing. The clinical isolates 
were almost evenly split between A baumannii and 
other ACB organisms. In contrast, only 19% of the 
environmental isolates were A baumannii, and 70% 
were ACB organisms other than A baumannii. PFGE 
was able to establish 66 clinical isolate clusters and 25 
different environmental isolate clusters when clusters 
were defined as greater than 90% identical. Three dif-
ferent PFGE clusters contained isolates from clinical 

samples and the environmental isolates that were 100% 
identical. The matching environmental and clinical 
isolates were obtained from Camp Dogwood and 
WRAMC; LRMC, WRAMC, USNS Comfort, and Field 
Hospital Baghdad; and Mosul, Camp Dogwood, and 
LRMC. Additionally, two isolates from LRMC were 
100% identical to an ACB isolate from WRAMC.21 
Taken together, these results strongly indicated that the 
outbreak of MDR Acinetobacter infections seen in the 
larger military medical centers began as nosocomial 
infection that originated in CSHs in Iraq. In essence, 
the MHS had become “infected” with Acinetobacter 
because patients who were not involved in Iraqi mili-
tary operations became infected with the organisms.

Military and civilian casualties from OIF were evac-
uated to the United States and the United Kingdom. 
Hospitals in the United Kingdom reported an outbreak 
of Acinetobacter infections soon after OIF commenced. 
Initially, there was concern that the infections caused 
by Acinetobacter may have been due to an intentional 
release of the organism. To determine if the isolates 
obtained in the United Kingdom were similar to those 
found in US casualties; the two countries initiated a 
collaboration and analyzed representative strains.46 
The laboratory at WRAIR chose representative isolates 
from all of the major clusters that had been identified 
by PFGE and supplied them to the UK investigators. 
The UK Laboratory of HealthCare Associated Infec-
tions compared their Acinetobacter isolates to the ones 
supplied by the WRAIR laboratory. PFGE revealed 
that three of the US isolates were similar to the UK 
isolates with greater than 90% similarity. The antibiotic 
susceptibility profiles among these three isolates were 
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also similar. DNA sequence analysis of the integron 
region associated with antibiotic resistance in Aci-
netobacter revealed that two of these common isolates 
had identical sequences. The third common isolate 
revealed a duplication of one gene in the US isolate 
but was otherwise identical to the UK isolate. These 
results suggested that there was a common origin for 
the Acinetobacter isolates causing wound infections in 
both the United States and the United Kingdom.

Research, epidemiological investigation, and 
molecular typing indicated that the Acinetobacter 
infections were nosocomial such that casualties were 
becoming infected in theater, then the organism was 
becoming disseminated through the medical evacua-
tion chain. A study utilizing multilocus PCR and mass 
spectroscopy (MS) was undertaken to analyze how 
the genotype of the organism might change over time 
in an MTF. A total of 267 Acinetobacter isolates were 
analyzed; 216 of the isolates were isolated from 2002 
through 2004 and were part of the original EPICON 
previously analyzed by PFGE.21,47 The additional 
isolates in this study were obtained from the Ameri-
can Type Culture Collection and from European 
hospitals. A baumannii accounted for 83% of the total 
isolates and could be divided into 46 unique sequence 
types (STs). This study also showed a strong correla-
tion between isolates obtained from US OIF casual-
ties and isolates obtained from European hospitals. 
Although the resolution of the PCR MS technique was 
lower than PFGE, there was good correlation between 
the two molecular methods. Additionally, this group 
analyzed the change in genotype of the Acinetobacter 
over time at WRAMC using PCR MS.18 This study 
compared the ST of isolates obtained from 2002 to 
2004 with the ST of strains isolated from 2006 to 2007 
at WRAMC. The STs were relatively constant; a few 
minor STs either disappeared or increased with time, 
yet the major STs remained constant. Comparison of 
STs with nonmilitary hospital isolates revealed the 
distribution of STs was markedly different between 
the two groups. The antibiotic susceptibility profile 
generally correlated with ST as well. The study sug-
gested that the Acinetobacter population in WRAMC 
had become less diverse and more stable with time. 
This was possibly due to effective countermeasures, 

such as sanitation and specific early therapy that 
resulted in reduction of less fit Acinetobacter strains 
both in patients and in the environment.

Antibiotic Resistance

MDR in Acinetobacter increased with time, making 
it more difficult for the MHS to respond to the threat. 
The genus is known as an opportunistic pathogen that 
resides in the environment and is naturally resistant 
to many antibiotics35,48; however, the organism also 
responds to antibiotic treatment by acquiring antibi-
otic-resistant genes. Interestingly, isolates obtained at 
BAMC from deployed service members were generally 
more resistant than those from nondeployed person-
nel.49 Resistance to the drug of choice, imipenem, 
increased as casualties from OIF continued. Several 
studies have looked at which genes are involved in the 
MDR phenotype of Acinetobacter involved in military 
wound infections. 

The study by Hujer et al used antibiotic-resistant, 
gene-specific PCR to analyze selected isolates from 
WRAMC to determine which MDR-associated genes 
the strains harbored.50 Approximately 20% of the 75 
isolates they analyzed were resistant to imipenem. 
Many isolates encoded multiple genes that were re-
sponsible for resistance to a class of antibiotic. Almost 
all of the isolates were resistant to ciprofloxacin through 
chromosomal housekeeping gene mutation. The strains 
were also highly resistant to cephalosporins by the 
production of beta-lactamase belonging to seven differ-
ent classes of genes. Ninety percent of the imipenem-
resistant isolates encoded the blaOXA-23 beta-lactamase 
allele. In another study, based on microarray analysis of 
antibiotic resistance genes found in 102 Acinetobacter iso-
lates obtained from the National Naval Medical Center 
(NNMC) in 2006, 93% of the imipenem-resistant isolates 
were found to encode the blaOXA-23 beta-lactamase.51 
All of the imipenem-resistant isolates belonged to one 
of two PFGE clusters. Accordingly, the increase in 
imipenem resistance in Acinetobacter-colonizing OIF 
casualties was mostly due to acquisition of a single allele 
of beta-lactamase. The blaOXA-23 gene has been shown 
to be associated with bacterial mobile genetic elements 
allowing for rapid resistance acquisition and spread.

MILITARY HEALTH SYSTEM RESPONSE TO ACINETOBACTER AND OTHER “ESKAPE” PATHOGENS

Following the EPICON described above, many cli-
nicians, scientists, and microbiologists recognized the 
use and value of establishing a centralized laboratory 
for receiving and archiving multidrug-resistant organ-
isms (MDROs). Some of the major referral centers, 
such as NNMC, BAMC, and WRAMC, had already 

been preserving some MDR isolates, especially Aci-
netobacter, recognizing their inherent scientific and epi-
demiologic value. However, there was no central and 
standardized repository. Additionally, the institutions 
lacked the necessary human and financial resources to 
fully characterize these isolates. Centralized collection, 
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comprehensive characterization, and long-term stor-
age of MDROs is essential to understanding the health-
care challenges and informing future approaches. The 
Agency for Healthcare Research and Quality estimates 
that 5% to 10% of all inpatients acquire one or more 
HAIs during their stay, at an annual cost of $28 to $33 
billion. Twenty percent of HAIs are considered pre-
ventable through surveillance programs; however, as 
of late 2008, no agency in the Department of Defense 
was performing what would become the mission of the 
MDR Organism Repository and Surveillance Network 
(MRSN): to conduct enterprise-wide epidemiologic 
surveillance of MDROs to inform clinical practice and 
healthcare policy and enhance infection control.

The idea for a repository (“Joint Bacterial Re-
pository”) was presented to the leadership of the US 
Army Medical Research and Materiel Command in 
2008; however, given the heightened sensitivity to 
biosurety amid the ongoing anthrax investigation 
involving scientists in the command, senior leaders 
were reluctant to authorize and establish what might 
be misperceived as another “freezer farm.” A few 
months before, DoD-GEIS (now part of the Armed 
Forces Health Surveillance Center) had funded two 
small surveillance studies in Eastern Iraq during the 
troop surge of 2007.52,53 These became the proof of 
concepts for a less static repository and more dynamic 
surveillance network. These studies demonstrated 
that regardless of location or environment, a distant 
facility could submit samples to a central laboratory 
and could receive useful and actionable information 
relating to infection control. The concept of a central 
repository laboratory at the nexus of a multifacility, 
bidirectional surveillance network (Figure 13-2) was 
successfully proffered to the US Army Medical Com-
mand (MEDCOM) in early 2009. 

In June 2009, the bacterial diseases branch of 
WRAIR in Silver Spring, Maryland, launched the 
MRSN. Under a performance improvement mandate 
from MEDCOM, Army hospitals, including those in 
Iraq and Afghanistan, submit MDROs isolated from 
clinical infections and active surveillance efforts. 
Isolates undergo integrated phenotypic, clonal, and 
phylogenetic analyses, including high-resolution 
ordered whole genome restriction optical mapping, 
followed by archival cryopreservation. The MRSN 
works closely with the Centers for Disease Control 
and Prevention to ensure genotyping methods are 
the same. Repository personnel provide epidemio-
logic reports and infection control information to 
hospitals and policy makers, conduct site assistance 
visits, and post site-specific and global antibiograms 
on a secure website.54,55 Other US military services are 
encouraged, but not required, to participate. Synergy 

is achieved through interagency collaboration and 
information sharing with the other military services, 
especially the Army’s Pharmacovigilance Center and 
the Navy and Marine Corps Public Health EpiData 
center, and with international military and civilian 
colleagues.

Substantial evidence supports the MRSN’s role in 
enhancing infection prevention and control efforts and 
reducing associated healthcare costs.56–59 Authors of 
one outbreak investigation concluded that if an aggres-
sive surveillance program had not been in place, the 
source of an outbreak of severe ventilator-associated 
pneumonia in Canadian soldiers caused by MDR A 
baumannii would have been missed.60 The Association 
of Professionals in Infection Control and Epidemiol-
ogy manual lists over 70 references demonstrating the 
usefulness of surveillance data in reducing infection 
occurrence and supporting the use of surveillance data 
to improve the quality of healthcare outcomes and 
processes.61   McQuillen et al cited more than 20 studies 
quantifying the financial impact of HAIs and the cost 
savings associated with surveillance.62 Infection control 
component monitoring and feedback, the approach 
taken by the MRSN, has been key in reducing the rate 
of HAIs (see Figure 13-2).63,64 Choosing the correct 
therapy requires knowledge of the underlying disease, 
the previous patient colonization, and the microbial 
trends in the community, as well as in the specific 
healthcare facility. Submitting isolates to the MRSN 
makes the latter two possible by enabling the MRSN 
to produce facility-specific and regional antibiograms. 
Using that modus, the MRSN has achieved notable 
firsts in the MHS and, in 2010, won first place in the 
Army Surgeon General’s Excalibur Award for health 
innovation practices. In 2012, the MRSN received ac-
creditation by the College of American Pathologists 
(CAP), and in 2013 it won the Military Health System 
Award for Healthcare Innovation.

Currently more than 30 hospitals, including some 
in unstable areas and war zones, request molecular 
assistance with outbreak investigation or submitted 
isolates (an average of 375 per month). Isolates are 
identified and their susceptibility tested with the three 
most commonly used commercial automated suscep-
tibility testing systems (VITEK 2 [bioMérieux, Inc, 
Durham, NC]; MicroScan [Siemens Medical Solutions, 
Malvern, PA]; and Phoenix [Becton, Dickinson, and 
Company, Franklin Lakes, NJ]). Discordant results of 
susceptibility testing are resolved by use of microbroth 
dilution panels. These data enable direct comparison 
of the three systems across multiple antibiotics and 
organisms, ranging from 8 drugs for A baumannii to 
14 drugs for Escherichia coli, Klebsiella pneumoniae, and 
methicillin-resistant Staphylococcus aureus. 

244-949 DLA DS.indb   329 6/4/18   11:57 AM



330

Medical Aspects of Biological Warfare 

Unique to MRSN, associated clinical and demo-
graphic information, including securely maintained 
personal identifiers, is also submitted, helping to avoid 
isolate duplication when producing antibiograms and 
enabling MDRO tracking across regions. Isolates with-
out this information are collected, but their ability to 
inform infection control efforts is severely degraded.

The MRSN developed and validated multiplex 
real-time PCR platforms to test isolates for the pres-
ence of clinically important antimicrobial resistance 

genes, such as mupA, qacA/B, PVL, cfr, and etA in 
Staphlococcus species; all variants of blaNDM and 
blaKPC, and the most common variants of blaVIM 
and blaIMP, and the most relevant alleles of blaOXAs 
in carbapenem-resistant gram-negatives. These are 
usually plasmid-borne genes that encode for high-
level mupirocin resistance (mupA), chlorhexidine tol-
erance or resistance (qacA/B), or carbapenemase pro-
duction (blaKPC, blaNDM, blaVIM, blaIMP, and cer-
tain blaOXAs). They contribute to the dissemination 

Continental United States, Alaska & Hawaii Conflict areas

Military medical 
policy makers

Military hospitals

MDRO lab & 
repository

AFHSC

Research investigators, 
clinicians, consultants

Isolates

IPCP
JTTR
EDC-ARO

Theater policy 
makers

VA, DHHS, civilian 
agencies

24-7 database 
queries

Figure 13-2. The purple-shaded square represents medical treatment facilities (Roles 3, 4, and above), which submit isolates and 
associated clinical data (red arrow) to the repository at Walter Reed Army Institute of Research (WRAIR; yellow oval) and in 
turn receive reports and assistance from WRAIR (black arrow). Reports and guidance will also be provided to theater medical 
leaders and combatant commanders (green box via purple arrow). Bidirectional information sharing and technical assistance 
can occur between the repository and other agencies, such as the Infection Prevention and Control Panel, the Joint Theater 
Trauma Registry, and the Navy’s Public Health EpiData Center Antibiotic Resistance Organization (EDC-ARO; blue box via 
yellow arrow) to enhance surveillance and reports. Data and reports from the repository will also be forwarded to the Armed 
Forces Health Surveillance Center (AFHSC; purple arrow) for broad dissemination (via blue arrows); the AFHSC can also assist 
with epidemiologic analysis or generation of the final reports (green arrow). Reports and information can also be provided to 
consultants for microbiology, infectious diseases, surgery, trauma, the surgeons general and others (gray box via purple and 
blue arrows). Consultants, policy makers, clinicians, and research investigators will be able to query certain portions of the 
database through web-enabled architecture (olive-tan arrow). Investigators can request de-identified isolates and specimens 
for approved research protocols (pink arrows).
AFHSC: Armed Forces Health Surveillance Center 
DHHS: US Department of Health and Human Services
EDC-ARO: EpiData Center Antibiotic Resistance Organization
IPCP: Infection Prevention and Control Panel
JTTR: Joint Theater Trauma Registry
VA: US Department of Veterans Affairs
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of biocide or antibiotic resistance. BlaNDM1 carried 
on a novel plasmid was detected in Providencia stuartii 
from Afghanistan.65 The MRSN was first to report 
qacA/B in methicillin-resistant Staphylococcus aureus 
in the United States, which had higher tolerance of 
chlorhexidine gluconate than those that did not have 
the gene.66 A cluster of colistin-resistant Acinetobacter 
emerged during therapy with colistin. This clone 
or strain, MLST 94, appeared to have a tendency to 
develop colistin resistance rapidly upon exposure to 
colistin, so the MRSN developed an assay capable of 
detecting the genetic element associated with that 
strain. It combined optical mapping and sequencing 
to identify gene copy number changes in sequential 
Acinetobacter isolates from the same patient.67 The 
MRSN also improved the speed and reduced the cost 
of optical genome mapping by successfully mapping 
multiple genomes on the standard map card.68  

The MRSN provided the foundation for enhanced 
de novo assembly of high-throughput pyrosequenc-
ing data using optical genome mapping, and dem-
onstrated the first clinically relevant application of 
next-generation sequencing in the MHS.69 It also 
allowed identification of a heretofore notoriously 
difficult-to-characterize species of Acinetobacter that 
is typically misidentified by commercially available 
identification systems.70 The intent is that the MRSN 
become a reference laboratory for DoD-GEIS for 
high-resolution characterization of the MDR ESKAPE 
pathogens, with the ultimate goal of becoming the first 
CAP-accredited laboratory for optical mapping and 
sequencing in the DoD. Aligned with the One Health 
philosophy, the MRSN also supports or performs 
canine and environmental surveillance. Currently 
the MRSN has collaborators in 32 hospitals from 12 
countries in Central and South America, Europe, Asia 
(including Iraq and Afghanistan), and North America. 
The demonstrable power of surveillance increases in 
proportion to the geographic area surveyed and the 
degree of sharing between those who need to know 
and those who can act on findings to improve patient 
safety.61 To that end, the MRSN continually invites 
more international civilian and military colleagues to 
collaborate and submit isolates. 

The Way Forward

Current typing technologies have been useful in 
revealing relationships between isolates of ACB, but 
they are unable to resolve differences between closely 
related isolates from small-scale outbreaks, where 
chains of transmission are often unclear. Increas-
ingly, genome scale epidemiology is required to de-
tect and respond to outbreaks of highly resistant and 

virulent bacterial “superbugs.”71–73 Recall the recent 
fatal outbreak at the National Institutes of Health and 
the amount of sequencing and computing power that 
was needed to determine the origination and pattern 
of spread.72 Another study investigated a polyclonal 
outbreak of MDR A baumannii using whole genome 
sequencing. Comparison of the complete genome 
sequences of three dominant outbreak strain types 
showed that these strains diverged before their ar-
rival at the authors’ institution despite all belonging 
to the same epidemic lineage (International Clonal 
Complex II).72 The simultaneous presence of three 
divergent strains of the same lineage is in accordance 
with its increasing prevalence in international hos-
pitals, further supporting the ongoing adaption of 
clonal complex II to the hospital environment.72,74 
Finally, a recent study found that nearly every strain 
of ACB from one integrated hospital system in the 
United States was unique despite being indistin-
guishable by conventional sequence typing methods, 
and in some cases by core single nucleotide variation 
typing.73  

The recent availability of rapid and inexpensive 
whole genome sequencing permits detailed investi-
gation of genetic differences between bacterial iso-
lates belonging to a single species and gives insight 
into the nature of genetic changes between isolates 
under antibiotic selection pressure. This is the ap-
proach now taken by the MRSN, and has been used 
to elucidate the evolutionary origin of an outbreak 
of colistin-resistant A baumannii containing a novel 
operon, the genomic characterization of a separate 
clone of Acinetobacter responsible for a group of fatal 
infections, and a new strain type in Honduras.2,75 
Overall, as whole genome sequencing technologies 
continue to improve with respect to price and speed, 
these approaches should become the gold standard 
for rigorous epidemiological analysis in variable cir-
cumstances ranging from single-hospital outbreaks 
to worldwide epidemics, and from retrospective 
analysis to real-time monitoring. 

Applying basic and translational research meth-
ods to improve surveillance conducted for quality 
improvement and infection control resulted in the 
evolution of the MRSN into the Antimicrobial Resis-
tance Monitoring and Research (ARMoR) Program. 
It is an enterprise-wide collaboration to aid in infec-
tion prevention and control. This approach consists 
of a network of epidemiologists, bioinformaticists, 
researchers, policy makers, and hospital-based infec-
tion preventionists who collaborate to collect relevant 
antimicrobial resistance monitoring (ARM) data, 
conduct centralized molecular characterization, and 
use ARM characterization feedback to implement ap-
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propriate infection prevention and control measures. 
Policy compliance and enforcement further distinguish 
the ARMoR Program from the MRSN (Figure 13-3). 
A particularly concerning type of ARM, carbapenem-
resistant Enterobacteriaceae, peaked immediately after 

the program was launched, then significantly declined. 
Similarly, there have been no further reports or out-
breaks of another concerning type of ARM, colistin 
resistance in Acinetobacter, in the DoD since the pro-
gram was initiated. 

Figure 13-3. The Department of Defense Antibiotic Resistance Monitoring and Research Program (ARMoR) isolate and data 
flow.

SUMMARY

The MHS response to Acinetobacter exemplifies 
how different parts of the MHS coming together to 
investigate and respond to a major threat to wounded 
warriors and all MHS beneficiaries. Infectious disease 
physicians recognized the problem early and engaged 
DoD medical leadership to task public health profes-
sionals with identifying the problem so actions could 
be taken to stop these costly infections. Public health 
professionals took advantage of laboratory expertise 

that had been initially developed for the DoD chemical 
and biological defense program to perform molecular 
analysis to determine genetic relationships among the 
Acinetobacter isolates. This fact underscores the need 
for collaboration between the Chemical Biological De-
fense Program and that part of the MHS that conducts 
“routine” infectious disease and public health investiga-
tions. Such collaboration supports service members and 
enhances the MHS’s ability to respond during crises.
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