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Abstract

Background: Acinetobacter baumannii is gaining importance as a cause of nosocomial infections, but its role in skin
and soft tissue infection (SSTI) is not well defined. As a result of the outbreak of A. baumannii occurring in
military personnel in Iraq and Afghanistan, reports of severe wound infections and SSTI caused by this pathogen
are increasing in frequency.
Methods: We describe four cases of monomicrobial and polymicrobial A. baumannii–associated necrotizing SSTI
accompanied by A. baumannii bacteremia and offer a review of similar experiences published in the literature.
Results: Our comparative analysis reveals four unique features associated with necrotizing SSTI associated with
A. baumannii: i) Occurs in hosts with underlying comorbidities (e.g., trauma, cirrhosis); ii) is often accompanied
by bacteremia; iii) multiple drug resistance and the presence of co-pathogens frequently complicated treatment
(64% of cases); iv) the cases reported here and in our review required surgical debridement (84% of cases) and
led to substantial mortality (*30%).
Conclusions: As the prevalence of A. baumannii continues to increase in our health care system, SSTIs caused by
this organism may become more common. Clinicians must be aware that the spectrum of disease caused by
A. baumannii could include severe necrotizing SSTI and that vigilance for potential complications is necessary.

Introduction

Acinetobacter baumannii, often with a multi-drug-
resistant (MDR) phenotype, is responsible for an in-

creasing number of cases of blood stream infection, urinary
tract infection, and healthcare- and ventilator-associated
pneumonia. Multi-drug-resistant A. baumannii usually affects
individuals with serious underlying illnesses [1]. Additionally,
it is reported as a cause of outbreaks worldwide, especially in
personnel involved in military operations in Iraq and Af-
ghanistan [2, 3]. A. baumannii is also a cause of community-
acquired respiratory tract infections in Northern Australia

and Asia [4]. The increasing prevalence and capacity of A. bau-
mannii to express resistance to multiple classes of antibiotics
designate this organism as a pathogen of global importance.

Surveillance efforts indicate that A. baumannii is infre-
quently involved in skin and soft tissue infection (SSTI) [5],
although numerous studies do not assign A. baumannii a clear
role in this condition, based on the difficulty of discerning
infection from skin and wound colonization [6–8]. In the
healthcare setting, many different organisms, A. baumannii
included, may colonize the skin; therefore, assessing the
pathogen responsible for SSTI in the absence of bacteremia or
tissue cultures is problematic [9].
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Herein, we describe four cases of severe A. baumannii–
associated SSTI with bacteremia between 2006 and 2008: one
case related to a blast injury in Iraq and three additional cases
in civilians that occurred at our institutions. In addition, we
offer a comprehensive, in-depth analysis of previously pub-
lished cases of severe SSTI caused by A. baumannii. Taken
together, these reports help to characterize a novel and
emerging clinical entity that is unappreciated in the spectrum
of disease caused by A. baumannii and that may become more
relevant in clinical practice as the prevalence of this organism
continues to increase in our health care system.

Case 1

A 23-year-old soldier serving in Iraq presented for medical
attention after suffering a blast injury. He sustained open right
femoral shaft and neck fractures with laceration of the su-
perficial femoral artery and injury of the soft tissues of the
groin, penis, testicles, and right wrist. In addition, he incurred
a right ulnar fracture and right pneumothorax. He was sta-
bilized with the administration of crystalloids and blood
products and placement of a chest tube. Surgical repair of
vascular, abdominal, and orthopedic injuries was performed
rapidly. He was transferred to a tertiary medical care center
while on mechanical ventilation.

On the second day after the blast injury, he developed fever
with septic shock. Laboratory evaluation revealed lactic
acidemia, thrombocytopenia, and evidence of disseminated
intravascular coagulation. On examination, there was exten-
sive purpura and sloughing of the skin in the lower extremi-
ties (Fig. 1). He was empirically treated with vancomycin,
imipenem=cilastatin, and amikacin. On the third day, he re-
quired additional vasopressor support with norepinephrine
and underwent extensive debridement of soft tissue wounds.
Central vein catheters were removed, and an abdominal re-
exploration was unremarkable. On the fourth day, he im-
proved and underwent further flank and lower extremity skin
debridement.

Histopathological analysis of surgical specimens from the
lower extremities revealed changes consistent with necrotiz-
ing fasciitis (Fig. 2). Cultures from sputum, blood, central
venous catheter tip, and wound and skin tissue grew A.
baumannii. A wound culture also grew Klebsiella pneumoniae
(Table 1). The patient survived after a prolonged hospitali-
zation and rehabilitation.

Case 2

A 75-year-old nursing home resident with Parkinson de-
mentia, chronic kidney disease, traumatic brain injury, and
recent healthcare-associated pneumonia with A. baumannii
and Pseudomonas aeruginosa was admitted to the hospital for
severe sepsis and SSTI associated with a percutaneous endo-
scopic gastrostomy (PEG) tube. He presented with extensive

FIG. 1. Ecchymosis and sloughing of skin in flank and lower extremity. Extensive debridement performed.

FIG. 2. Soft tissue biopsy revealed the presence of bacteria,
thrombosis of capillaries, and necrosis of subcutaneous fascia
and intrafascicular bundles.
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erythema and swelling surrounding the PEG site that rapidly
progressed. Computed tomography (CT) of the abdomen re-
vealed subcutaneous emphysema. He was initially treated
with vancomycin, imipenem-cilastatin, tobramycin, and mi-
cafungin. Infusions with crystalloids and norepinephrine
were necessary. On the day of admission, he underwent de-
bridement of the abdominal wall, including skin, fat, fascia,
and muscle. Histopathology was consistent with necrotizing
fasciitis. Intraoperative cultures from skin and soft tissue grew
A. baumannii and vancomycin-resistant Enterococcus faecium,
and blood cultures grew A. baumannii (Table 1). Antibiotics
were changed to colistin and linezolid. He required two ad-
ditional debridements and placement of a vacuum-assisted
closure device to facilitate healing before his discharge to a
long-term acute care facility.

Case 3

A 50-year-old morbidly obese male (body mass index
60 kg=m2) presented with progressive right lower extremity
edema. He had a chronic ulcer in that leg resulting from minor
trauma sustained six months before this admission. He
worked as a licensed practical nurse in a nursing home and
was a smoker and moderate alcohol drinker.

On presentation, he was afebrile and tachycardic, and his
blood pressure was 80=50 mmHg. Evaluation of the lower
extremities showed stasis changes on both legs and an ulcer
above the right lateral malleolus, with erythema extending
above the knee and marked edema with ‘‘peau d’orange’’
appearance. The presence of vesicles and early bullae forma-
tion were noted (Figure 3). CT of the leg showed diffuse
soft tissue edema without focal fluid collections or air. Blood
and wound cultures grew A. baumannii; the wound cul-
ture also grew Citrobacter freundii (Table 1). He improved
on intravenous ampicillin-sulbactam 3 g every 4 h, and al-
though surgical intervention was considered, it was not
required.

Case 4

A 50-year-old male presented with scrotal edema and pain.
Ultrasound showed bilateral hydroceles and soft tissue
edema. Initially, he was prescribed oral ciprofloxacin. He re-
turned five days later with worsening discomfort and edema,
as well as abdominal pain and distension and lower extremity
swelling. A history of hepatitis C virus infection and cirrhosis
was documented.

On examination, the patient was lethargic and somnolent
and had a temperature of 398C, pulse of 128 beats=min, res-
piration rate of 30 breaths=min, and blood pressure of
80=40 mm Hg. The abdomen was distended and diffusely
tender; the scrotum was edematous, and its inferior aspect
revealed dark discoloration and crepitus. Laboratory evalu-
ation revealed neutropenia (absolute neutrophil count of
210 cells=mm3), thrombocytopenia, prolonged prothrombin
and partial thromboplastin times, and acute renal failure. The
patient was hypoxic and acidemic and required crystalloids,
vasopressor support, and mechanical ventilation. Treatment
with ertapenem and vancomycin was initiated. He under-
went emergency debridement of extensive necrotic tissue at
the base of the scrotum. The patient remained in septic shock
with multiple organ dysfunction syndrome and ongoing hyp-
oxia and acidemia, despite maximal pressor and crystalloid
support. There was persistent bleeding at the surgical site due
to coagulopathy. He died the following day. Cultures of blood,
ascitic fluid, and scrotal biopsies grew A. baumannii suscep-
tible only to imipenem-cilastatin and meropenem (Table 1).

Discussion

A. baumannii is a ubiquitous pathogen commonly found in
water, soil, and the healthcare environment [6]. The ability of
A. baumannii to acquire genetic determinants of resistance is re-
sponsible for the emergence of MDR strains. Beta-lactamases,
alterations in porin channels, efflux pumps (responsible
for resistance to b-lactam antibiotics), mutations in de-
oxyribonucleic acid topoisomerase (mediating quinolone re-
sistance), and genes encoding aminoglycoside-modifying
enzymes are among the mechanisms of resistance. Metallo-b-
lactamases and oxacillinases (e.g., blaOXA24=40, blaOXA23, and
blaOXA58) contribute to carbapenem resistance. Elements (such
as the insertion sequence ISABA1) located upstream in the
bacterial chromosome often regulate the expression of these
carbapenemase and cephalosporinase genes [7]. In addition to
the plethora of resistance determinants, new niches for in-
fection and colonization are being reported (e.g., community-
acquired pneumonia in Australia, blood stream infections in
the United States). The determinants of virulence and their
expression in strains from diverse origins (nosocomial versus
community) are unknown [8].

These four cases illustrate contemporary clinical presen-
tations of severe SSTI in which A. baumannii is the primary
pathogen. In one of the cases (Case 4), A. baumannii ap-
peared as the sole pathogen associated with necrotizing

FIG. 3. Cellulitis caused by Acinetobacter baumannii. There is characteristic edematous ‘‘peau d’orange’’ erythema with
associated vesicles that may coalesce to form non-hemorrhagic bullae.
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SSTI, whereas other organisms (E. faecium and C. freundii) were
isolated as co-pathogens in two other instances (Cases 2 and 3).
In the first case, K. pneumoniae was isolated from a superficial
wound culture but not from cultures of skin and deep soft
tissue obtained during surgical exploration. In all four cases,
patients were bacteremic with A. baumannii, and the presence
of other aerobic and anaerobic bacteria was excluded using
conventional modern methods of clinical microbiology. As
such, these cases suggest that A. baumannii is emerging as a
cause of SSTI. Sadly, Case 4 illustrates the inherent difficulties
physicians face when choosing empiric therapy because Aci-
netobacter spp. are uniformly resistant to ertapenem.

Complicated and uncomplicated SSTIs are common in
healthy and compromised hosts and in various clinical set-
tings (determined by travel history, animal exposure, trauma
or surgery) [10,11]. Beta-hemolytic streptococci (Group A
predominantly, but also B, C, and G) are often the cause of
severe cellulitis and necrotizing SSTI, representing what is
termed Type 1 (or monomicrobial) necrotizing SSTI. Strepto-
coccal toxic shock syndrome often accompanies this clinical
entity. Community-associated methicillin-resistant Staphylo-
coccus aureus is recognized, potentially with greater virulence
than its nosocomial counterpart, as another cause of necro-
tizing SSTI [12]. A mixture of anaerobic bacteria (Bacteroides
spp, Clostridium spp, microaerophilic streptococci) and en-
terobacteria (e.g., Escherichia coli, Klebsiella spp.), typically re-
sulting from a gastrointestinal source, commonly cause Type
2 (or polymicrobial) necrotizing SSTI. This latter syndrome
localizes to the perineum, giving rise to Fournier’s gangrene
[13]. Although the above-described types encompass the
majority of presentations of necrotizing SSTI, different or-
ganisms may also be recovered. For example, gram-negative
bacteria such as Vibrio vulnificus and Aeromonas hydrophila
cause monobacterial necrotizing SSTI accompanied by sepsis
and a high mortality rate in patients with underlying illnesses
such as cirrhosis and diabetes [14]. Similarly, K. pneumoniae
(with the virulent hypermucous K1 phenotype) is associated
with a similar pattern of disease in patients with cirrhosis,
diabetes mellitus, or cancer [15,16].

Acinetobacter baumannii is recovered frequently in associa-
tion with SSTI and orthopedic surgical site infections in per-
sonnel returning from operations in Iraq and Afghanistan [17].
Despite their MDR phenotype, the clinical outcomes of war-
related SSTI caused by A. baumannii are usually satisfactory
[18,19], although instances of severe A. baumannii–associated
SSTI with adverse outcomes, often in conjunction with other
organisms as in our report are also described as part of the U.S.
military outbreak. Physicians from the U.S. Navy hospital
ship USNS Comfort described eight cases of A. baumannii–
associated SSTI in wounded personnel. Those cases presented
as cellulitis with a ‘‘peau d’orange’’ appearance with overlying
vesicles, a presentation reminiscent of Case 3 [20]. There also
are reports implicating A. baumannii as the etiologic agent of
severe SSTI outside of the military outbreak [21–30]. These
include two cases of fatal monomicrobial necrotizing fasciitis in
immunosuppressed patients who had undergone abdominal
surgery [31], as well as cases of polymicrobial necrotizing SSTI.

Table 2 summarizes 25 cases in the literature describing
previous experiences with severe SSTI due to A. baumannii,
including the four cases presented in this report. The patients’
ages ranged from 13 to 75, and most were male. The pre-
ponderance of infections occurring in wounded extremities

reflects the nature of military injuries sustained in combat.
Perineal involvement is also frequently noted. Patients often
had co-morbidities with underlying immune compromise
(e.g., cirrhosis, severe trauma, diabetes, cancer) and were
previously exposed to the healthcare system. The isolation of
a co-pathogen was noted in 64% of cases, whereas blood
stream infection with A. baumannii was documented in 44%
(11=25) of patients. Surgical intervention was necessary in
84% of the cases, and crude mortality was 28%.

These descriptions and the cases in this report help to de-
lineate some general characteristics of A. baumannii–associated
SSTI, including, in addition to the ‘‘peau d’orange’’ appearance
and hemorrhagic bullae, the progression to soft tissue necrosis,
the occurrence of bacteremia, and severe sepsis. Overall, these
clinical observations suggest that the spectrum of disease
caused by A. baumannii includes severe and necrotizing SSTI
and that A. baumannii is an important consideration in the con-
temporary differential diagnosis of severe and necrotizing SSTI.

Several explanations underlying the new importance of
A. baumannii as a cause of severe SSTI are likely. The prevalence
of infections caused by A. baumannii in hospitals in the United
States has increased in the past decade [32]. This suggests that,
in a hospital environment where there is endemic colonization
and ongoing horizontal transmission of A. baumannii, the
clinical presentations of infection with this agent that was
previously rare may become more common. Surprisingly,
A. baumannii was not reported as an etiologic agent of necro-
tizing SSTI in clinical series from the United States published as
recently as 2002 [33,34]. In contrast, it is frequently reported in
case series from Turkey, Argentina, and Singapore, where
A. baumannii infection is endemic [26–28,35–37]. As cited above,
A. baumannii became an important cause of SSTI in personnel
from Iraq in the setting of an outbreak across the U.S. military
healthcare system. Some of the patients suffered severe combat
wounds as described in this report. As a result, their skin and
soft tissue, as well as their immune system [38], were especially
vulnerable to invasive infection—in this case by A. baumannii.

Similar conditions exist in critically ill hosts in the modern
nosocomial environment, even in the absence of combat
wounds. One of the patients described in this report (Case 4)
had cirrhosis caused by chronic hepatitis C virus infection.
Patients with cirrhosis appear especially susceptible to
monomicrobial gram-negative necrotizing SSTI [39–41]. In
addition, one of the patients in this report resided (Case 2) and
another worked (Case 3) in a nursing home. Although we do
not demonstrate that A. baumannii in this case was related to
strains circulating in the nursing home, the occupational
transmission of A. baumannii to a healthcare worker has pre-
viously been documented [42].

A distinguishing and disturbing feature of A. baumannii is
its ability to acquire determinants of resistance against mul-
tiple classes of antibiotics. Emerging resistance to carbape-
nems is particularly worrisome [43]. Two of the isolates
reported here were resistant to carbapenems, which compli-
cated the choice of empiric and definitive antibiotic therapy. It
is unclear what effect infection with carbapenem-resistant and
MDR A. baumannii and ‘‘inappropriate’’ antibiotic therapy
(use of agents not active against the organism) will have on
clinical outcomes [44–48]. The cases in this report and those in
the literature represent severe infections with inherently poor
outcomes, making it impossible to establish the effect of re-
sistance and of ‘‘inappropriate’’ therapy. Furthermore, it
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should be emphasized that, for necrotizing SSTI, antibiotic
therapy functions as an adjunct to surgical debridement and
that the timing of surgery may be as critical as the choice of
antimicrobials [49].

Multi-drug-resistant A. baumannii possesses a genomic
structure that allows it to acquire resistance markers under
antimicrobial pressure [50]. It might be that this same genetic
plasticity would allow A. baumannii to acquire factors that
result in greater virulence, and this is being actively investi-
gated. Recently, Adams et al. described a series of genes that
are presumed to play an important role in the adaptation of
A. baumannii to the human host [51]. These are genes that
predominantly encode for transport and transcription factors,
as well as genes involved in quorum sensing and biofilm
formation. Comparative historical and genomic analyses are
needed to establish the significance of these genetic elements.

The role of the co-pathogens isolated in the wounds of
patients with severe and necrotizing SSTI is also intriguing
(Tables 1 and 2). There may have been a synergistic interaction
between these co-pathogens and A. baumannii. Synergy has
typically been observed in polymicrobial infections with en-
teric bacilli (E. coli, Klebsiella spp.) and anaerobes (Bacillus spp.
and Clostridium spp.), and there is experimental evidence
suggesting that exopolysaccharide-producing strains of Aci-
netobacter spp. enhance the virulence of other gram-negative
species in polymicrobial infections [52,53]. One could also
speculate that chemical signals elaborated by the co-pathogen
may activate biofilm formation by enhancing auto-inducer
synthase production in A. baumannii, or vice versa [54].

In conclusion, the four cases of A. baumannii–associated
monomicrobial and polymicrobial necrotizing SSTI presented
here add to the growing recognition of this syndrome and
help to redefine the capacity of A. baumannii to cause disease.
The emergence of these infections in an age of increased
A. baumannii endemicity and resistance and its occurrence in
patients with severe coexisting illnesses underscore the im-
portance of A. baumannii as a successful pathogen adapted to
the modern nosocomial environment [55].
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