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Abstract The objective of this investigation was to identify
risk factors for carbapenem-resistant Acinetobacter
baumannii (CRAB) and its association with mortality. A
population-based matched case–control study using the com-
puterized database of Clalit Health Services (CHS) in the pe-
riod between 2007 and 2012 was conducted. Hospitalized
patients with CRAB colonization or infection were compared
to hospitalized patients without evidence of A. baumannii,
matched by age, ward of hospitalization, season, Charlson
score, and length of hospitalization. Risk factors for CRAB
isolation were searched for using multivariate analysis. Asso-
ciation of CRAB and other risk factors with mortality were
assessed in the cohort. A total of 1190 patients with CRAB
were matched to 1190 patients without CRAB. Low socioeco-
nomic status was independently associated with CRAB isola-
tion and CRAB bacteremia [odds ratio 2.18, 95 % confidence
interval (CI) 1.02–5]. Other risk factors were invasive proce-
dures and bacteremia with other pathogens prior to CRAB

isolation, and various comorbidities. Among all patients,
CRAB isolation was independently associated with increased
mortality (hazard ratio 2.33, 95 % CI 2.08–2.6). Socioeco-
nomic status is associated with health outcomes. Our
population-based study revealed an almost doubled risk for
CRAB in patients at lower socioeconomic status and an asso-
ciation with healthcare exposure. CRAB was associated with
mortality and might become a risk indicator for complex mor-
bidity and mortality.

Introduction

Acinetobacter baumannii (A. baumannii) is an aerobic non-
fermenter Gram-negative coccobacillus that has become a ma-
jor nosocomial pathogen in the last two decades. Its ability to
resist environmental stress and the rapid development of resis-
tance to broad-spectrum antibiotics have made this pathogen
one of the most prevalent causes of outbreaks in the setting of
intensive care units (ICUs) [1, 2]. Ruiz et al. reported an in-
crease in the rate of imipenem resistance from 1.3 % in 1991 to
80 % in 1996 in Spain [3]. Colistin, the only antibiotic with no
resistance in that cohort, has recently been reported as having a
high level of resistance in outbreaks in Italy and Greece [4].

Several recent studies investigated the epidemiology and
morbidity associated with multidrug-resistant (MDR)
A. baumannii [5–8]. Risk factors for carbapenem-resistant
A. baumannii (CRAB) infection or colonization were prior
use of carbapenems, aminoglycosides, or cephalosporins
[9–11], and admission to the ICU and other wards with a high
density of CRAB and correlates of intense healthcare expo-
sure, such as intravenous catheters and mechanical ventilation
[11–15]. The attributable mortality in patients with
A. baumannii colonization or infection was reported in several
studies. A systematic review reported an attributable mortality
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of 16–27 % in critically ill patients with infection or coloniza-
tion compared tomatched control patients without infection or
colonization [16]. Most of the studies assessing risk factors
and mortality ofMDR A. baumannii included small cohorts or
case–control designs, and differed regarding MDR defini-
tions, the case definition (infection or colonization), and the
control group selection.

The objectives of our study were to identify risk factors for
CRAB colonization, infection, and bacteremia in hospitalized
patients, and to assess the association between CRAB coloniza-
tion or infection andmortality, in a large population-based study.

Methods

A matched case–control study, conducted using the comput-
erized database of Clalit Health Services (CHS) between Jan-
uary 2007 and August 2012 was undertaken. The CHS is the
largest health maintenance organization (HMO) in Israel,
serving more than 4 million citizens, with different geographic
and socioeconomic features. The database includes outpatient
clinics, hospitalized patients, and patients residing in long-
term care facilities (LTCFs) and nursing homes.

All hospitalized adult patients >18 years old were eligible
for participation in the study. A case patient was defined as a
patient from whom CRAB was isolated from any source, ei-
ther as colonization or infection. Specimen sources were cat-
egorized as blood, respiratory, urine, and non-sterile sources
such as wounds. A patient was included only once, at the time
of the first CRAB isolation. CRAB was defined as
A. baumannii resistant to imipenem or meropenem. In cases
of discrepancies, imipenem resistance served as the reference.
A control patient was matched to each case from all hospital-
ized patients in the CHS who did not have an A. baumannii
isolated during the study period. Matching criteria included
age (within 3 years of age), ward of hospitalization, season of
hospitalization, Charlson’s comorbidity score (within 1.5
points), and the time at risk. To control for time at risk, control
patients were hospitalized for at least the same number of days
(within 3–5 days) as the days until the first culture of CRAB
was recovered among cases. The index date was defined as the
date of the first CRAB isolate in case patients, and the date
corresponding to the same number of days post-admission in
the matched control patient. A subgroup analysis for patients
with CRAB bacteremia was predefined, in which case patients
had CRAB bacteremia and control patients were matched
using the same criteria to the bacteremic cases.

Potential risk factors for CRAB colonization or infection
included demographic features, comorbidities, immunosup-
pressive drugs, invasive procedures, recent bacteremia, and re-
cent hospitalizations. Socioeconomic status was extracted from
the outpatient clinic location to which the patient belonged.
Comorbidities were defined as any chronic disease other than

malignancies, including cardiovascular diseases, pulmonary
diseases, cerebrovascular diseases, diabetes mellitus, hepatic
diseases, and renal failure. Recent bacteremia was defined as
positive blood cultures, excluding contaminations according to
the Centers for Disease Control and Prevention (CDC) criteria
[17], in the 30 days before CRAB isolation. We also searched
for antibiotic use, steroid use, and immunosuppressive treat-
ments in the 3 months before CRAB isolation. Data on demo-
graphic features and comorbidities, including malignancies and
prior medications, were obtained from the community medical
charts predating the relevant hospitalization. Information on
invasive procedures and recent bacteremia was extracted from
the database 3months predating the CRAB isolation, and in the
control group predating the index date. Risk factors for mortal-
ity were examined in the entire cohort. All data were extracted
from the HMO’s electronic patient records that comprise inpa-
tient admissions and outpatient visits.

Categorical variables were compared using the Chi-square
or Fisher’s exact test, as appropriate. Continuous variables
were analyzed using the t-test or the Mann–Whitney test after
verifying whether the distribution was normal or not. A series
of multivariable conditional logistic regression models was
conducted to investigate the association between potential risk
factors (independent variables) and CRAB isolation (depen-
dent variable). Independent variables were selected based on a
p-value≤0.1 in the bivariate analyses and clinical relevance.
Effect modifications/interactions between independent vari-
ables were tested. Odds ratios (ORs) and their corresponding
95 % confidence intervals (CIs) were calculated.

In order to identify variables associatedwithmortality, includ-
ing CRAB carriage, we used Kaplan–Meier survival analysis
with the log rank test.We then used the Cox proportional hazards
model to determine hazard ratios and their confidence intervals.

All tests were two-tailed, and statistical significance was
defined as a p-value <0.05. The analyses were performed
using SAS version 9.3 and SPSS version 20. The study was
approved by the Clalit Ethical Review Board. All data were
anonymized before analysis.

Results

A total of 6998 patients had A. baumannii isolated between
the years 2007 and 2012 in hospitals, LTCFs, nursing homes,
and in the community. Of them, 4375 were hospitalized and
2196 of the hospitalized patients had CRAB colonization or
infection. Of this population, 1190 hospitalized patients with
CRAB colonization or infection (cases) could be matched to
1190 hospitalized control patients. The demographic and
matching characteristics are described in Table 1.

Most of the patients in the case group (n=1190) were hos-
pitalized in medical wards (69 %), followed by surgery de-
partments and ICUs (12 %). Patients with CRAB had a mean
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age of 73±14 years (median 76, range 21–115) and slightly
more than half were male (55.6 %). The mean Charlson score
was 6.8±3.2 (median 7, range 0–19). Twenty-one percent of
the CRAB cases were isolated in the first 48 h of hospitaliza-
tion and the median length of hospitalization prior to the

recovery of CRAB was 8 days (range 0–70). Most of the
CRAB isolates were from the respiratory tract (42.6 %),
followed by blood (20 %), non-sterile sources, and urine. Of
the CRAB isolates that were tested, 99 %, 48 %, 34 %, and
27.5 % were susceptible to colistin, ampicillin–sulbactam,

Table 2 Factors associated with CRAB isolation in hospitalized patients, matched cases, and controls: univariate analysis

CRAB cases,
n=1190 (%)

Matched
controls,
n=1190 (%)

p-Value OR (95 % CI) CRAB
bacteremia,
n=241 (%)

Matched
controls,
n=241 (%)

p-Value OR (95 % CI)

Demographic risk factors

Sex (male:female) 662 (55.6) 593 (49.8) 0.004 1.28 (1.08–1.5) 127 (52.7) 125 (51.9) 0.45 1.29 (0.65–2.62)

Socioeconomic status

Low 482 (40.5) 444 (37.3) Reference (=1) 107 (47.6) 95 (40.4)

Intermediate 459 (38.6) 486 (40.8) 0.14 0.865 (0.71–1.05) 95 (41.5) 100 (42.6)

Higha 199 (16.7) 242 (20.3) 0.009 0.73 (0.57–0.93) 27 (11.8) 40 (17) 0.05 0.46 (0.2–0.98)

Clinical risk factors

Chronic diseasesb 977 (82) 929 (78) 0.006 1.37 (1.1–1.72) 198 (82.2) 190 (78.8) 0.19 1.9 (0.73–5.1)

Solid tumor 291 (24.5) 320 (26.9) 0.16 0.87 (0.72–1.05) 57 (23.7) 62 (25.7) 0.78 0.89 (0.38–2.07)

Hematological
malignancy

57 (4.8) 76 (6.4) 0.085 0.73 (0.51–1.04) 8 (3.3) 10 (4.1) 0.98 1.02 (0.13–7.7)

Transplantationc 11 (0.9) 15 (1.3) 0.37 0.67 (0.26–1.61) – 0.39 0.22 (0.005–6.7)

Chemotherapyd 418 (35.1) 97 (8.2) <0.0001 5.65 (4.41–7.36) 81 (33.6) 18 (7.5) 0.68 1.3 (0.36–4.78)

Steroid treatment 41 (3.4) 40 (3.4) 0.91 1.03 (0.66–1.60) 9 (3.7) 3 (1.2) 0.36 1.65 (0.57–5.1)

Recent antibiotic
treatment

486 (40.8) 488 (41) 0.93 0.99 (0.84–1.17) 97 (40.2) 92 (38.2) 0.43 0.75 (0.36–1.54)

Invasive procedurese 418 (35.1) 108 (9.1) <0.0001 7.74 (5.76–10.66) 81 (36.6) 17 (7.1) 0.024 5.26 (1.28–24)

Recent bacteremiaf 940 (79) 148 (12.4) <0.0001 25.75 (18.42–37.41) 184 (76.3) 28 (11.6) <0.0001 28 (11.7–86.8)

Recurrent
hospitalizations

687 (57.7) 630 (52.9) 0.017 1.22 (1.04–1.44) 146 (60.6) 130 (53.9) 0.39 0.73 (0.34–1.48)

a Socioeconomic status: analyzed for the whole cohort with low risk as reference. In CRAB bacteremia, the analysis is for intermediate+high risk, with
low risk as a reference
bAny chronic diseases, including cardiovascular, pulmonary disease, cerebrovascular, diabetes mellitus, hepatic diseases, renal failure
c Including hematopoietic stem cell transplantation and solid organ transplantation
d Except steroid treatment
e All invasive procedures, including surgery and procedures involving the operating room (except minor surgeries)
f Bacteremia in the last 30 days except commensal, according to the CDC criteria

Table 1 Factors associated with carbapenem-resistant Acinetobacter baumannii (CRAB) isolation in hospitalized patients, matched cases, and
controls: matching criteria

CRAB cases
(%), n=1190

Matched controls
(%), n=1190

p-Value CRAB bacteremia, n=241 Matched controls,
(%) n=241

p-Value

Matching criteria

Age, years (mean±SD) 73±14 73±13.5 0.483 73±15 73±15 NS

Charlson’s score (mean±SD) 6.83±3.2 6.71±3.2 0.03 7±3 7±3 NS

Length of hospitalization, days
(median, range)

18 (0–97) 17 (0–96) <0.0001 16 (1–95) 15 (1–91) NS

Hospital ward

Internal medicine 821 (69 %) 821 (69 %) NS 172 (71.4) 172 (71.4) NS

Surgery 227 (19 %) 227 (19 %) NS 32 (13.3) 32 (13.3) NS

Intensive care unit 142 (12 %) 142 (12 %) NS 33 (13.7) 33 (13.7) NS
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amikacin, and trimethoprim–sulfamethoxazole, respectively.
Less than 1 % were susceptible to piperacillin–tazobactam
or ciprofloxacin.

Risk factors for CRAB infection on univariate analysis are
detailed in Table 2. Compared to controls, patients with
CRAB were at lower socioeconomic status, received more
immunosuppressive drugs, and had more frequently chronic
diseases other than malignancies. Healthcare exposure was
greater among cases, as reflected by more invasive proce-
dures, more frequently recurrent hospitalizations in the
6 months before the index date, and a higher frequency of
bacteremia in the month before the index date. Antibiotics in
the 3 months prior to CRAB isolation or the index date among
controls were taken by 41 % of the patients in both groups.
Data on antibiotic treatment in-hospital were unavailable.

In the multivariable analysis, a lower socioeconomic status,
chronic diseases other than malignancies, immunosuppressive
therapy (other than steroids), invasive procedures, and prior
bacteremia were significant risk factors for CRAB isolation.
Solid or hematological transplantations were associated with
lower rates of CRAB isolation, with an adjusted OR of 0.15
(95 % CI 0.03–0.79).

The epidemiology of CRAB bacteremia was similar to that
observed for all CRAB patients (71 % hospitalized in medical
wards, 10.4 % surgery, and 13.7 % in the ICU). Similar sus-
ceptibility patterns were seen. The only significant risk factors
for CRAB bacteremia were low socioeconomic status,

invasive procedures, and bacteremia in the 30 days preceding
the index date (Table 3).

The all-cause mortality for patients with CRAB was 73 %
compared to 55% among controls during the study period. On
multivariate analysis of the overall cohort, CRAB isolation
was associated with an increased mortality, with a hazard ratio
(HR) of 2.33 (95 % CI 2.08–2.6). Other independent risk
factors for mortality included comorbidities comprising ma-
lignancy, immunosuppressive treatment, and recurrent hospi-
talization in the 6 months preceding the index date (HR 1.33,
95 % CI 1.19–1.48) (Table 4).

Discussion

A. baumannii has emerged as a major threat in the healthcare
setting in the past few decades worldwide [18]. In this
population-based study, we sought to identify risk factors for
CRAB colonization or infection. We found that patients of
low socioeconomic status had an almost doubled risk of
CRAB isolation compared to patients of high socioeconomic
status. Other patients found to be at risk were patients who had
chronic diseases or received immunosuppressive treatment,
patients who underwent invasive procedures, or those who
had bacteremia (with bacteria other than A. baumannii) in
the 30 days prior to the index date. The last two factors were
also found in the subgroup analysis for CRAB bacteremia.

Table 3 Multivariate analysis of
risk factors related to CRAB
colonization or infection in
hospitalized patients and for
CRAB bacteremia

Risk factor CRAB colonization or infection CRAB bacteremia

OR (95 % CI) p-Value OR (95 % CI) p-Value

Sex (male:female) 1.49 (1.08–2.04) 0.014 1.29 (0.65–2.62) 0.46

Socioeconomic status: low vs. higha 1.87 (1.17–3.03) 0.009 2.18 (1.02–5) 0.05

Chemotherapyb 2.63 (1.57–4.46) 0.0003 1.305 (0.36–4.78) 0.68

Transplantationc 0.15 (0.03–0.79) 0.017 0.22 (0.005–6.8) 0.39

Chronic diseasesd 1.83 (1.17–2.88) 0.008 1.89 (0.74–5.1) 0.19

Invasive procedurese 2.85 (1.55–5.32) 0.0008 3.59 (1.51–9.88) 0.007

Solid tumors 0.74 (0.52–1.09) 0.13 0.89 (0.38–2.1) 0.78

Hematological malignancies 1.1 (0.56–2.18) 0.77 1.02 (0.13–7.7) 0.98

Recurrent hospitalizations 0.86 (0.63–1.18) 0.36 0.73 (0.34–1.48) 0.39

Steroid treatment 1.16 (0.73–1.85) 0.53 1.65 (0.57–5.1) 0.36

Recent antibiotic treatment 0.83 (0.6–1.25) 0.23 0.75 (0.35–1.54) 0.43

Recent bacteremiaf 22.1 (15.26–33.37) <0.0001 21.21 (10.17–54.28) <0.0001

a Socioeconomic status: analyzed for the whole cohort with low risk as reference. In CRAB bacteremia, the
analysis is for low socioeconomic status vs. high and intermediate socioeconomic status
b Except steroid treatment
c Including hematopoietic stem cell transplantation and solid organ transplantation
dAny chronic diseases, including cardiovascular, pulmonary disease, cerebrovascular, diabetes mellitus, hepatic
diseases, renal failure
eAll invasive procedures, including surgery and procedures involving the operating room (except minor surgeries)
f Bacteremia in the last 30 days except commensal, according to the CDC criteria
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CRAB colonization and infection were independently associ-
ated with increased mortality (HR 2.33, 95 % CI 2.08–2.6).

Antibiotic exposure is one of the most frequently reported
risk factors for MDR A. baumannii colonization or infection.
Some studies found carbapenems to be a risk factor, but re-
ported ORs varied across the studies [9, 12, 14, 19]. In other
studies, the use of fluoroquinolones was associated withMDR
A. baumannii infection, whereas several studies did not find
an association between antibiotic use and MDR A. baumannii
isolation [11]. Unfortunately, we did not have access to infor-
mation on antibiotic use during hospitalization in our database
and, therefore, could not support these results in the literature
described above. However, we found that recent bacteremia
with other pathogens was highly associated with CRAB iso-
lation and also specifically with CRAB bacteremia, even after
controlling for frequent confounders, such as length of hospi-
talization and baseline comorbidity score.

Low socioeconomic status has been described previously
as a risk factor for antimicrobial resistance of Enterobacteria-
ceae, Mycobacterium tuberculosis, and other pathogens
[19–21]. To our knowledge, low socioeconomic status has
not been previously described as a risk factor for CRAB. Since
both cases and controls were treated with antimicrobial agents
in the community with the same frequency (40 %), antibiotic
treatment is probably not themain explanation for this finding.
As the socioeconomic status of the patients was extracted
from their clinic affiliation, our results may be explained by
healthcare disparities or by patients’ characteristics belong to
those clinics. Unfortunately, these data were not available to
us.

We found a lower rate of transplantations in the CRAB
group as compared to the controls. This is allegedly an intrigu-
ing finding, as the patients with immunosuppressed therapy
were found to be at high risk for CRAB recovery. We believe
that this is due to the inclusion of patients with hematopoietic
stem cell transplantation (HSCT) in the transplant group. Pa-
tients undergoing HSCT are neutropenic and exposed mainly
to endogenic Gram-negative bacteria colonizing the

gastrointestinal tract [22]. Because A. baumannii is a nosoco-
mial environmental pathogen, it is not surprising that HSCT
patients had a lower rate of CRAB than the controls [23].

The mortality rate in our study was very high (73 % in the
study period and 55 % within the first year). CRAB isolation
was an independent risk factor for death after adjustment to
other risk factors, albeit without clinical data on the severity of
illness during hospitalization. The attributable mortality of
A. baumannii has been a matter of continuing debate. Other
causes for death, such as severity of illness before
A. baumannii infection and inappropriate antibiotic use in
cases of multidrug resistance, make it difficult to attribute
the mortality to CRAB. Most studies agree with ours that
CRAB carriage is associated with higher mortality [23].

The strength of our study is in its size and diversity of
patients included. We searched for CRAB isolation in a very
large population database, which included more than half of
Israeli citizens. We selected the control group without
A. baumannii from the source population using strict
matching criteria. This control group optimally represents
the base population at risk of exposure to CRAB [24, 25].
Despite matching, we found statistically significant differ-
ences in matching variables between cases and controls; how-
ever, these were minor differences of little clinical signifi-
cance. We evaluated the risk factors for CRAB isolation and
not specifically CRAB infection. Playford et al. described the
importance of colonization pressure for CRAB acquisition
[11]. Therefore, we believe that it is important to identify the
burden of the patients with CRAB, either infected or colo-
nized, in order to contain the spread of this worrisome
pathogen.

Our study had some limitations. We included only
1190/2196 hospitalized patients with CRAB in our analyses,
due to our strict matching criteria. The excluded patients with
CRAB were younger and had less comorbidities (data not
shown). We believe that strict matching was necessary for
valid estimation of risk factors and outcomes of CRAB. Be-
cause we did not have information on clinical signs and

Table 4 Independent risk factors
for mortality among patients with
CRAB and their matched controls
(n=2380)

Variable Adjusted hazard
ratio

95 % confidence
interval

p-Value

Socioeconomic status: high + intermediate vs. low 1.05 0.94–1.2 0.38

Chemotherapy 1.28 1.04–1.57 0.02

Solid tumor 1.17 1.04–1.33 0.007

Hematological malignancies 1.37 1.1–1.69 0.004

Any chronic diseasea 1.2 1.05–1.38 0.009

Invasive procedures within 30 days prior to CRAB 0.61 0.48–0.75 <0.001

Recurrent hospitalizations within 6 months prior to CRAB 1.33 1.19–1.48 <0.001

CRAB colonization or infection 2.33 2.08–2.6 <0.001

aAny chronic diseases, including cardiovascular, pulmonary disease, cerebrovascular, diabetes mellitus, hepatic
diseases, renal failure
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symptoms nor about antibiotic use, infection was not an ex-
clusion criteria in the control group. This could lead to under-
estimation of certain risk factors. We also could not match for
disease severity during hospitalization, although we can as-
sume that the results were not biased in a distorted way.

In conclusion, patients with comorbidities and patients with
previous healthcare exposure are at an increased risk of CRAB
colonization or infection. Curiously, low socioeconomic status
was also associated with such risk. Further research should
determine whether patients’ characteristics or healthcare dis-
parities explain this association. CRAB was independently
associated with more than double the hazard for death. It re-
mains to be determined whether the screening of patients at
risk for CRAB colonization or infection is beneficial.
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