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ABSTRACT

Carbapenem-resistant Acinetobacter baumannii
(CRAB) causes colonization and infection pre-
dominantly in hospitalized patients. Distinc-
tion between the two is a challenge. When
CRAB is isolated from a non-sterile site (soft
tissue, respiratory samples, etc.), it probably
represents colonization unless clear signs of
infection (fever, elevated white blood count,
elevated inflammatory markers and abnormal
imaging) are present. Treatment is warranted
only for true infections. In normally sterile sites
(blood, cerebrospinal fluid) the presence of
indwelling medical devices (catheters, stents)
should be considered when evaluating positive
cultures. In the absence of such devices, the
isolate represents an infection and should be

treated. If an indwelling device is present and
there are no signs of active infection, the device
should be replaced if possible, and no treatment
is required. If there are signs of an active infec-
tion the device should be removed or replaced,
and treatment should be administered. Current
treatments options and clinical data are limited.
No agent or combination regimen has been
shown to be superior to any other in random-
ized clinical trials. Ampicillin-sulbactam
appears to have the best evidence for initial use.
This is probably due to its ability to saturate
penicillin-binding proteins 1 and 3 when given
in high dose. Tigecycline when used should be
given in high dose as well. Polymyxins are a
treatment option but are difficult to dose cor-
rectly and have significant side effects. Newer
treatment options such as eravacycline and
cefiderocol have potential; however, currently
there are not enough data to support their use
as single agents. Combination therapy appears
to be the best treatment option and should
always include high-dose ampicillin-sulbactam
combined with another active agent such as
high-dose tigecycline, polymyxins, etc. These
infections require a high complexity of skill,
and an infectious disease specialist should be
involved in the management of these patients.
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Key Summary Points

Isolating carbapenem-resistant
Acinetobacter Baumannii (CRAB) in a
patient may represent colonization or
infection; distinguishing between the two
is challenging

CRAB isolated from non-sterile sites or
from sterile sites that have an indwelling
device without signs of infection
represents colonization and should not be
treated (see Fig. 1)

Current treatment options and clinical
data are limited. No agent or combination
regimen has been shown to be superior to
any other in randomized clinical trials

Ampicillin-sulbactam appears to have the
best evidence for initial use. This is
probably due to its ability to saturate
penicillin-binding proteins 1 and 3 when
given in high dose

Combination therapy appears to be the
best treatment option and should always
include high-dose ampicillin-sulbactam
combined with another active agent such
as high-dose tigecycline, polymyxins or
one of the other newer agents
(cefiderocol, eravacycline) (see Table 1)

INTRODUCTION

Carbapenem-resistant Acinetobacter baumannii
(CRAB) cause significant life-threating hospi-
tal-acquired infections. In the World Health
Organization (WHO) priority pathogens list
for research and development of new antibi-
otics, CRAB has been designated a priority
1-critical pathogen [1]. It poses a significant
therapeutic challenge due to a lack of estab-
lished treatment options because very few
currently available antimicrobial agents are

active against them. Globally, ampicillin-sul-
bactam is considered the only agent for
monotherapy against these organisms. Most
other therapeutic choices include various
other agents combined with ampicillin-sul-
bactam. These organisms frequently colonize
hospitalized patients, particularly those on
ventilators or receiving care in intensive care
units, and it is often difficult to distinguish
colonization from infection. In this narrative
review we attempt to provide clarification on
the issues including colonization, infection
and current treatment options. As this review
is based on previously conducted studies and
peer-reviewed articles, no permission was
required from the institutional ethics review
board.

EPIDEMIOLOGY

Acinetobacter is rarely a cause of community-
acquired infection. It is frequently found in
water and soil, and in humans it can colonize
various sites including skin, respiratory and
gastrointestinal tracts [2]. Acinetobacter
accounts for approximately 2% of nosocomial
infections in the USA but these rates are
doubled in Asia and the Middle East with up
to 20% of infections in intensive care units
(ICU) worldwide [3, 4]. In most institutions
the majority of Acinetobacter isolated is not
CRAB; however, it frequently causes outbreaks
and becomes a major concern for infection
control. The main characteristics implicated in
Acinetobacter pathogenicity are its capability
to survive environmental desiccation for
weeks promoting transmission through fomite
contamination in hospitals [5]. Several viru-
lence factors have been identified in CRAB but
the details are outside the scope of our review.

Most information about health care-associ-
ated Acinetobacter infections is based on data
from outbreak investigations, and complex
patients in the ICU setting are considered to be
at the highest risk [6]. The mortality rate of
Acinetobacter infection is high ranging from 45
to 70% [7–9]. A meta-analysis found that
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carbapenem resistance is the main predictor of
mortality [8].

CLINICAL SYNDROMES

Pneumonia is the primary manifestation of
CRAB; approximately 55% of CRAB infections
involve the respiratory system [10]. It occurs
predominantly as ventilator-associated pneu-
monia (VAP) and tends to have late onset
during ICU hospitalization. Most occurs in
previously colonized patients. Patients who
develop VAP with CRAB require prolonged
ventilation and have extended ICU stay com-
pared to patients with VAP caused by other
gram-negative bacilli [9]. Acinetobacter
accounts for only 2% of nosocomial blood
stream infections. Most are catheter-related
infections or complication of respiratory tract

infections [11]. Bacteremia and septic shock
early in the infection are factors associated
with bad prognosis [12]. Skin, soft tissue and
bone infections also occur; they usually appear
after colonization and in association with
surgical interventions or in the presence of
infected prosthetic joints [13]. Many soft tis-
sue infections have been reported as war
injuries, probably due to field hospital con-
tamination [14].

Other rare sites of infection include endo-
carditis in either native or prosthetic valves;
these often fatal events are associated with a
high rate of early valve destruction [15].
Meningitis due to Acinetobacter usually
involves neurosurgical procedures such as
ventriculostomy or intrathecal administration
of chemotherapy and post-surgery CSF leak
[16]. Acinetobacter is a common reason for
eye infection causing corneal ulcers (7% of eye

Fig. 1 Management algorithm of patients with a positive CRAB culture. *Most cultures in this setting represent
colonization and not infection
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infections) usually after cataract surgery or
other ophthalmic surgical procedures [17].

Urinary tract infection with Acinetobacter
is rare. Acinetobacter in the urine is docu-
mented predominantly after prolonged

urinary catheterization and mostly represents
colonization. Fewer than 2% of patients with
Acinetobacter colonization in the urine will
developed an invasive infection [11].

Table 1 Antibiotics used for the treatment of CRAB infections

Agent Adult dosage (assuming normal renal and liver
function)

Remarks Major toxicities
to consider

aAmpicillin-

sulbactam

3 g every 4 h if intolerance or toxicities preclude the use

of higher dosages or for mild infections

Hepatotoxicity

(1%)
aAmpicillin-

Sulbactam

9 g every 8 h, each dose given over 4 h

27-g continuous infusion over 24 h

High dose, suitable for

ampicillin-sulbactam-

resistant CRAB

Cefiderocol 2 g every 8 h infused over 3 h Elevated liver

tests (2–16%)

Hypokalemia

(11%)

Colistin As per international consensus guidelinesb Nephrotoxicity

(1–18%)

Neurotoxicity

(1–7%)

Eravacycline 1 mg/kg/dose every 12 h GI (2–7%)
cImipenem-

cilastatin

500 mg every 6 h infused over 3 h Seizures (1%)

cMeropenem 2 g every 8 h infused over 3 h Seizures (\ 1%)

Minocycline 200 mg every 12 h CNS (1–3%)

Tigecycline 200 mg once, then 100 mg every 12 h High dose Hepatotoxicity

(2–5%)

Pancreatitis

(\ 1%),

CRAB carbapenem-resistant Acinetobacter baumannii
aCurrently only ampicillin-sulbactam is considered appropriate for monotherapy; all other drugs should be used based on
susceptibly as a combination with ampicillin sulbactam except in penicillin-allergic patients
bTsuji BT, Pogue JM, Zavascki AP, et al. International Consensus Guidelines for the Optimal Use of the Polymyxins:
Endorsed by the American College of Clinical Pharmacy (ACCP), European Society of Clinical Microbiology and
Infectious Diseases (ESCMID), Infectious Diseases Society of America (IDSA), International Society for Anti-infective
Pharmacology (ISAP), Society of Critical Care Medicine (SCCM), and Society of Infectious Diseases Pharmacists (SIDP).
Pharmacotherapy 2019; 39(1): 10–39
cCarbapenems may be considered as a third drug in combination regiments

686 Infect Dis Ther (2022) 11:683–694



Colonization Versus Infection

Differentiating between colonization and
infection is challenging. CRAB is commonly
recovered from respiratory samples, soft tissue
cultures and the urine. Most patients have a
long history of exposure to the health care sys-
tem, have multiple comorbidity factors and
may have prolonged ICU stay/ventilation.

We suggest that when CRAB is isolated on
culture the first question one should ask is
whether it was isolated from a sterile or a
non-sterile site (Fig. 1). From a non-sterile site
such as the airways, lung or skin, the isolation
of CRAB generally represents colonization
unless there are clear signs of infection (fever,
elevated white blood count, elevated inflam-
matory markers and abnormal imaging).
Treatment is warranted only if there is a high
clinical suspicion of infection along with the
presence of some signs of infection. Never-
theless, it may be prudent to provide pre-
emptive therapy against CRAB in
immunosuppressed or other high-risk patients
such as transplant patients, patients with
malignancy or those receiving corticosteroids
when it is difficult to distinguish between
infection and colonization because of sup-
pressed inflammatory response. The presence
of indwelling medical devices (catheters,
stents, etc.) should be considered when eval-
uating positive cultures from normally sterile
sites such as the blood, cerebral spinal fluid,
pleura, etc. If no such devices exist, then the
isolate represents an infection and should be
treated. If an indwelling device is present and
there are no signs of active infection, the
device should be replaced if possible and no
treatment is needed. If there are signs of an
active infection, the device should be removed
or replaced and the patient treated. Placement
of urinary catheters is commonplace in
patients receiving care in intensive care units.
Urinary cultures obtained from such patients
are frequently positive. However, most posi-
tive cultures in the urine of such patients
represent colonization and do not require
treatment unless there are clear signs of
infection of urinary source.

Treatment Options

Inherent and acquired resistance mechanisms
severely limit the antimicrobial options for
CRAB. There are a few small, randomized trials
that have evaluated the efficacy and safety of
antimicrobial agents or combination regimens
for the treatment of CRAB. Most evidence
available to support different treatment options
is observational or non-randomized with lim-
ited sample size and immense diversity in the
severity of infection and comorbidities.
Recently the Infectious Disease Society of
America (IDSA) released guidelines for treat-
ment of CRAB[18]; we have summarized their
recommendations as well as our opinions of
current treatment options. A list of treatment
options is shown in Table 1.

Ampicillin-Sulbactam

Sulbactam is an irreversible competitive beta
lactamase inhibitor that has the ability to
saturate Penicillin Binding Proteins (PBP) 1
and 3 when given in high doses [19]. This
unique method of activity has not been
exhibited by other beta lactamase inhibitors
and thus has an added benefit for treatment.
Ampicillin-sulbactam is delivered as a combi-
nation of 2 g ampicillin and 1 g sulbactam.
High-dose ampicillin-sulbactam, which
achieves saturation of PBPs, is considered a
dose of 27 g per day or the equivalent of 9 g
sulbactam either in a continuous infusion or
as an extended infusion [18]. In some coun-
tries where it is available, cefoperazone/sul-
bactam may represent an alternative to
ampicillin/sulbactam. Non-beta-lactam beta-
lactamase inhibitors such as avibactam, rele-
bactam and vaborbactam appear to have no
therapeutic role against CRAB.

Liu et al. have recently published a meta-
analysis of 18 studies that included 1835
patients that demonstrated that high-dose
ampicillin-sulbactam of at least 18 g per day in
combination with a second agent was the
most effective regimen to reduce mortality in
critically ill CRAB patients [20]. In 2017, Jung
et al. published a meta-analysis of 23 studies
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including 2118 patients that identified ampi-
cillin-sulbactam as having the greatest impact
on reducing mortality when compared to
polymyxin or tetracycline based regimens [21].
These studies combined with others have
convinced the IDSA panel to recommend
high-dose ampicillin-sulbactam as the pre-
ferred back bone therapy for treatment of life-
threatening CRAB either as a single agent or
as part of combination therapy. Furthermore,
there is evidence that even though CRAB may
demonstrate laboratory non-susceptibility to
ampicillin-sulbactam, providing high-dose
ampicillin-sulbactam may still be an effective
therapy in vivo through the mechanism of
PBP saturation [22, 23].

Polymyxins

Polymyxin’s (both B and E) are used as part of
the treatment of CRAB. Both polymyxins have
reliable in vitro activity against CRAB isolates
with most of the published literature focusing
on Polymyxin E (Colistin). Colistin has been
used with some success for the treatment of
CRAB pneumonia, bacteremia and meningitis
[8, 24]. A meta-analysis of six studies with a
total of 359 patients comparing the use of col-
istin to carbapenem or high-dose ampi-
cillin/sulbactam showed a similar safety profile
and no difference in clinical outcomes for
patients with VAP. However, the study included
other multidrug-resistant pathogens including
Pseudomonas spp. [25].

Colistin is administered as colisimethate
(CMS), a prodrug that needs to be hydrolyzed
to its active form. CMS is largely excreted in
the urine (70%) and is partly transformed to
the active form of colistin (30%), whereas
renal excretion of colistin is negligible (1–2%).
As renal function decreases, a progressively
larger fraction of CMS will be converted to
colistin. Therefore, appropriate dosing of col-
istin is challenging. The ratio of the area
under the curve (AUC) to the minimal inhi-
bitory concentration (MIC) AUC/MIC ratio is
the best pharmacokinetic-pharmacodynamic
index to describe its efficacy profile [26]. A
dosing regimen has been suggested that

should allow for colistin plasma concentration
of about 2 mg/l to assure the efficacy against
colistin-susceptible CRAB [27].

Nephrotoxicity is the most serious adverse
event associated with the use of colistin. In a
meta-analysis of 237 reports including a total of
35,569 patients, the nephrotoxicity rate was
39% [28]. The likelihood of nephrotoxicity was
significantly greater with polymyxin therapies
compared to non-polymyxin-based regimens
(OR 2.23). Factors impacting nephrotoxicity
included dose, patient age, number of con-
comitant nephrotoxins and use of diuretics,
glycopeptides or vasopressors [28].

Other limitations to the use of polymyxins
include suboptimal activity of colistin in pul-
monary epithelial cells resulting in reduced
activity in the lungs [29] as well as reports of
clinical failure and resistance emergence during
polymyxin monotherapy [30, 31].

In conclusion, polymyxins should preferably
be used in combination with at least one other
agent (ampicillin-sulbactam) for the treatment
of CRAB infections.

Minocycline

Minocycline is available for both intravenous
and oral use, exhibits bactericidal activity
against A. baumannii including CRAB and may
act synergistically when combined with other
agents such as colistin, rifampin and carbapen-
ems [32, 33]. IV minocycline holds a US Food
and Drug Administration indication for the
treatment of infections caused by Acinetobac-
ter. In retrospective studies, the use of IV
minocycline provided high rates of clinical
success or improvement and was generally well
tolerated among patients with CRAB; however,
minocycline was provided in combination with
other antibiotics and not as a single agent and
was recommended to be given as a high dose of
200 mg every 12 h [33, 34].

Tigecycline

Tigecycline is a derivative of minocycline and is
the first member of the glycylcycline class [35].
In general, tigecycline should not be used as a
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single agent when other effective antibiotic
choices are available. Tigecycline has appealing
activity against MDR pathogens except for
Pseudomonas aeruginosa and Proteus spp. Fur-
thermore, it has activity against CRAB,
although resistance has been reported and
clinical experience is limited with conflicting
reports for and against its use [36, 37].

As there is no Clinical and Laboratory Stan-
dards Institute (CLSI) breakpoint for Acineto-
bacter baumannii, there is no meaningful
breakpoint to determine susceptibility. A higher
dose of tigecycline (200 mg intravenous loading
dose followed by 100 mg every 12 h) showed no
mortality differences between tigecycline and
comparator agents, and intrapulmonary phar-
macokinetics of high-dose tigecycline in
patients with ventilator-associated pneumonia
support the use of high dose [38–40]. Thus,
high-dose tigecycline may be an option for
pulmonary infections as well as systemic infec-
tions as it safely increases plasma and pul-
monary concentrations and was reported to
have better outcomes in a retrospective study
[41]. High-dose tigecycline rather than con-
ventional dosing for CRAB is preferred.

Eravacycline

Eravacyline is a novel synthetic halogenated
tetracycline class antibiotic approved for treat-
ment of complicated intra-abdominal infec-
tions caused by susceptible microorganisms.
There are reports of in vitro activity against
CRAB; however, there are no CLSI breakpoints
and thus no meaningful interpretation of the
susceptibilities, and clinical information as a
treatment option is very limited. It has not been
approved for treatment of CRAB [42].

Cefiderocol

Cefiderocol is a siderophore cephalosporin
developed for the treatment of MDR gram-
negative infections and approved for the treat-
ment of complicated urinary tract infections
caused by susceptible organisms. Most CRAB
isolates including those with OXA-type beta

lactamase are reported to be susceptible to
cefiderocol [43].

In the APEKS-NP trial, high-dose extended
infusion of meropenem and cefiderocol therapy
produced similar results [44]. However, in the
CREDIBLE-CR trial, Bassetti et al. reported a
higher mortality rate in patients with CRAB
who were treated with cefiderocol compared to
those treated with best available therapy
(mostly polymyxin based regimens), 49% vs.
18%.[45] Further research is needed to assess the
clinial activity of this agent. Cefiderocol should
be used with caution for CRAB infections and
only as part of combination therapy.

Fosfomycin

Fosfomycin is a member of the phosphonic
antibiotics that is mostly used to treat simple
urinary tract infections but may have other uses
as well [46]. In recent years, there has been an
increased interest in combination therapies that
include intravenous fosfomycin to treat CRAB.
A study of 180 patients with hospital-acquired
pneumonia due to CRAB demonstrated superi-
ority of regimens that included fosfomycin [47].
However, there are not enough data to endorse
using this drug for treatment of life-threating
infections unless there are no other options.
Furthermore, the supplies of intravenous fos-
fomycin are limited.

Carbapenems

Providing high-dose extended infusion car-
bapenems to treat serious infections caused by
MDR gram-negative organisms has been sug-
gested especially when combined with other
antibiotics. Some in vitro data suggest that
using extended infusion carbapenem as a third
drug with ampicillin-sulbactam and either
minocycline or polymyxin may lead to bacterial
eradication of CRAB [23, 48]. However, recent
evidence suggests no added benefit when com-
bining as dual therapy with colistin compared
to colistin monotherapy [49]. Further research
is needed to assess the combination with other
antibiotics, and carbapenems may be
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considered a third drug in other combination
regiments.

Rifamycin

Rifamycin antibiotics include rifampin, rifabu-
tin and rifapentine and inhibit bacterial
ribonucleic acid (RNA) polymerase. There are
data suggesting synergy between rifamycin and
the polymyxins that may also reduce the
emergence of resistance [50]. Three randomized
trials compared the clinical outcomes of
patients with CRAB infections who received
colistin alone versus colistin in combination
with rifampin. All three trials failed to demon-
strate any significant difference in outcomes for
the regimens evaluated [51–53]. The limited
clinical data, known toxicities and drug-drug
interactions limit the use of rifamycin for CRAB
infections.

Inhaled Antibiotics

The efficacy of inhaled antibiotics for the pre-
vention and/or treatment of bacterial pneumo-
nia has not been established. In a
pharmacokinetic-pharmacodynamic modeling
study, aerosolized delivery of colistin achieved
high active drug levels in epithelial lining fluid
of the lungs [54]. However, three clinical trials
for VAP failed to demonstrate any improved
outcomes or better survival with the use of
nebulized antibiotics even including a subgroup
analysis of drug-resistant pathogens [55–57].
This may be due to insufficient distribution
throughout the lung, use of formulations not
designed for inhalation or suboptimal delivery
devices [58]. Currently, there is insufficient
evidence to support the use of inhaled antibi-
otics alone for the treatment of CRAB pneu-
monia. Some clinicians have used aerosolized
antibiotics in addition to systemic antibiotics.

Future Prospects

There are no reliable laboratory methods dis-
tinguishing colonization from true infection.
The evolving technology of whole-genome
phylogenetic analysis has shown that some

sequential types (ST) are associated with viru-
lent Acinetobacter strains while other are not
[59]. ST10 strains have been associated with
colonization and nosocomial infection in an
ICU in Vietnam and an outbreak of extensively
drug-resistant infection in the USA. Another ST-
T6SS has been associated with biofilm forma-
tion and was found to have a role in host col-
onization and killing of competing bacteria
[59]. There are few studies distinguishing
infection from colonization and correlating
with clinical outcomes. It is hoped that future
research will demonstrate the diagnostic utility
of these promising techniques.

There is ongoing research on alternative
options for the treatment of CRAB including
small molecules and phage therapy, all of which
are still in the investigational stage. Some small
studies have been conducted but the data are
inconclusive as of now [60, 61].

Combination vs. Monotherapy

When treating an infection such as CRAB, there
is no clear superior choice of antibiotic. When
treating infections that are accompanied by
high mortality it is very common to combine
antibiotics. In infections with limited thera-
peutic options most clinicians prefer the use of
combination therapy with agents that are indi-
vidually active against a pathogen such as
CRAB. The IDSA panel noted that although
there have been several observational studies
and seven randomized control trials, there is no
clear evidence in support of a specific
monotherapy or combination therapy [18].
Thus, since there is lack of robust clinical data
in support of treating with any single agent, the
patient population is usually very ill and suffers
from severe comorbidities, and antibiotics that
may initially appear active may develop resis-
tance, they recommend the use of at least two
active agents whenever possible [18].

The panel’s preferred choice of therapy is
ampicillin-sulbactam (high dose when the
pathogen is reported as resistant) combined
with either tigecycline or minocycline.

The panel is against the combination of
carbapenem and polymyxin without the
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addition of a third agent ampicillin-sulbactam,
which has some supportive data [23]. The panel
also recommended against using fosfomycin or
rifampin as part of the combinations. There is
not enough evidence regarding the use of
cefdericol as either a single agent or as part of a
combination therapy.

CONCLUSIONS

In this narrative review, we have described the
difference between colonization and infection
in patients who have a positive CRAB isolate.
We reviewed the current available treatments
and suggest that a combination therapy is the
best option based on high-dose ampicillin-sul-
bactam and another agent.
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