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Abstract
Carbapenem-resistant Acinetobacter baumannii (CRAB) infection is a major issues in current era. The aim of study was to investigate
the natural prognosis and prognostic factors associated with 28-day mortality in patients with CRAB bacteremia who were not
receiving appropriate antibiotic treatment.
Adult patients with CRAB bacteremia were retrospectively identified between April 2012 and March 2015 at 5 tertiary hospitals in

Republic of Korea. Patients who were transferred to another hospital within 28 days of onset of bacteremia and who receive
appropriate antibiotics more than 48 hours were excluded. We investigated prognostic factors associated with 28-day mortality in
patients with CRAB bacteremia without appropriate antibiotic treatment.
Of enrolled 205 patients, 143 (69.8%) patients died within 28 days after blood culture. Of patients with 28-day mortality, 88.9%

(127/143) of patients died within 5 days. Of 78 patients who survived more than 5 days, the 28-day mortality was 20.5% (16/78).
Diabetes mellitus (adjusted odds ratio [aOR] 3.81, 95% confidence interval [95% CI] 1.19–12.20), immunocompromised (aOR 8.72,
95% CI 2.62–29.70), sequential organ failure assessment (SOFA) ≥ 10 (aOR 13.87, 95% CI 3.70–51.96), vasopressor use (aOR
7.03, 95% CI 1.79–27.60), and pneumonia (aOR 4.44, 95% CI 1.67–11.78) were found to be the factors independently associated
with the 28-day mortality.
The 28-day mortality in patients with CRAB bacteremia without appropriate treatment was high, although some patients could

survive. Severity and underlying conditions were important prognostic factors in patients with CRAB bacteremia.

Abbreviations: AIDS = acquired immunodeficiency syndrome, aOR = adjusted odds ratio, APACHE = acute physiology
assessment and chronic health evaluation, CKD= chronic kidney disease, CRAB= carbapenem-resistant Acinetobacter baumannii,
DM = diabetes mellitus, HIV = human immunodeficiency virus, IQR = interquartile range, SOFA = sequential organ failure
assessment.

Keywords: Acinetobacter baumannii, bacteremia, carbapenem-resistant, prognosis
Editor: Tamas Szakmany.

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee
and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

The local institutional review board approved this study (2016-02-011).

Informed consent was waived because of the retrospective nature of the study and the analysis used anonymous clinical data.

The corresponding author had full access to all data and had the final responsibility for the decision making to submit the manuscript for publication.

This work was supported by the Soonchunhyang University Research Fund.

The authors have no conflicts of interest to disclose.
a Department of Internal Medicine, Soonchunhyang University Bucheon Hospital, Bucheon, b Department of Internal Medicine, Soonchunhyang University Seoul
Hospital, Seoul, c Department of Internal Medicine, Dongguk University Ilsan Hospital, Ilsan, d Department of Internal Medicine, Soonchunhyang University Cheonan
Hospital, Cheonan, e Department of Internal Medicine, Kyung Hee University Hospital, Seoul, Republic of Korea.
∗
Correspondence: Tark Kim, Department of Internal Medicine, Soonchunhyang University Bucheon Hospital, 170 Jomaru-ro, Wonmi-gu, Bucheon 14584, Gyeonggi-

do, Korea (e-mail: ktocc2@naver.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the
journal.

Medicine (2018) 97:43(e12984)

Received: 9 August 2018 / Accepted: 4 October 2018

http://dx.doi.org/10.1097/MD.0000000000012984

1

mailto:ktocc2@naver.com
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000012984


Patients with CRAB bacteremia (n=332)

Exclusion : 
Transferred to other hospitals wit
hin 28 days (n=10) 

Died within 28 days 
after blood culture 

: Case (n=143)

Survived  
: Control (n=62)

Figure 1. The study algorithm for the analysis of prognostic factors associated with 28-day mortality in patients with carbapenem-resistant Acinetobacter
baumannii (CRAB) bacteremia who did not receive appropriate antibiotic treatment.
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1. Introduction

Acinetobacter baumannii is one of the major pathogens of
hospital-acquired infection, which causes various diseases such as
pneumonia, catheter-related infection, and urinary tract infec-
tion.[1] This nonferment gram-negative rod bacteria has been
notorious for its strong ability to acquire resistance to various
antibiotics.[1] Especially, high rate of carbapenem-resistant
clinical isolates has been reported worldwide.[2–4] In Korea,
the rate of carbapenem resistance of A baumannii identified in
hospitals has been reported to reach 90%.[5]

Understanding of natural prognosis of Carbapenem-resistant
A baumannii (CRAB) bacteremia is important for establishing
diagnostic and treatment strategies. If patients have died before
the diagnosis of CRAB bacteremia, and they cannot receive
appropriate antibiotics, we need to use a method that can be
quickly diagnosed CRAB bacteremia. Choosing antibiotics
against CRAB as empirical treatment also should be considered
in this case. If patients survive without appropriate antibiotics,
they may not need to be given immediately empirical antibiotics
than can result in antibiotics toxicity and resistance. Information
on risk factors associated with mortality can be useful for
development of individualized strategies. Also, knowledge on
natural prognosis can be used as comparative data for studies on
diagnostic and therapeutic intervention.
Therefore, we investigated the natural history of patients with

CRAB bacteremia without receiving appropriate antibiotic
treatment. In addition, we investigated prognostic factors
associated with 28-day mortality.
2. Methods

2.1. Study population and design

This retrospective multicenter study was conducted at 5 tertiary
teaching hospitals located in Seoul, Bucheon, Ilsan, andCheonan,
2

Republic of Korea. By reviewing the daily computerized reports
of blood cultures, the patients aged ≥18 years with a CRAB-
positive blood culture were identified between April 2012 and
March 2015. Bacteremia was defined as ≥ a positive blood
culture for A baumannii and the presence of the clinical features
compatible with infection. If a patient had undergone recurrent
episodes of A baumannii bacteremia during the study period,
only the first episode was considered.
The algorithm for selecting the research subjects and the

research plan is shown in Fig. 1. It was defined as an appropriate
antibiotic therapy if at least 1 antimicrobial agent to which the
causative pathogen was susceptible was administered for more
than 48hours.[6] Patients who were transferred to another
hospital within 28 days of onset of bacteremia were excluded
from the study. Among patients not receiving appropriate
antibiotic treatment, the case group was defined as a patient who
died within 28 days after blood culture test was done and
survivors were categorized into the control group. To identify
factors associated with 28-day mortality in patients with CRAB
bacteremia without appropriate antibiotic treatment, clinical
characteristics of case group and control group were compared.

2.2. Data collection

Patient’s demographic data and information on comorbidity
(malignancy, neurologic diseases, chronic lung diseases, diabetes
mellitus [DM], liver cirrhosis on Child B or C classification, heart
failure, and chronic kidney diseases [CKD]) were collected.
Patients were defined as immunocompromised if they had human
immunodeficiency virus (HIV) or acquired immunodeficiency
syndrome (AIDS), were on solid organ transplantation, hemato-
poietic stem cell transplantation, had received chemotherapy
within 6 weeks, had received systemic steroid equivalent to or
higher than 20mg of prednisone for 2 weeks or other
immunosuppressive agents within 2 weeks before hospitaliza-
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tion. The severity of comorbidities was classified according to the
McCabe and Jackson Classification system.[7] Source of infection
was determined according to the guidelines issued by the Centres
for Disease Control and Prevention.[8] Mechanical ventilation,
vasopressor use, dialysis, APACHE II score,[9] and the Sequential
Organ Failure Assessment (SOFA) score [10] were chosen as the
index of severity. Previous CRAB colonization was defined as the
isolation of CRAB from any clinical specimens within 30 days of
the CRAB blood culture without symptoms or signs. Polymicro-
bial bacteremia was defined as isolation of any organism
from blood within 2 days of the CRAB blood culture. The
practice of 3rd generation antibiotics such as cephalosporins,
cefepime, piperacillin/tazobactam, fluoroquinolones, carbape-
nems, tigecycline, and colistin just before CRAB blood culture
was investigated.
2.3. Microbiologic methods

A baumannii identification was performed using standard
methods. At least 4 species, A calcoaceticus, A baumannii, A
nosocomialis, andA pitti, are invariably reported asA baumannii
by clinical microbiology laboratories because biochemical
methods cannot further differentiate them to the species level.
Susceptibility testing was done using the microdilution method
(MicroScan system; Baxter Health Care, West Sacramento, CA),
and results were interpreted according to the National Commit-
tee for Clinical Laboratory Standards guidelines.[11] Imipenem
resistance was defined as a minimal inhibitory concentration of
16mg/mL or above. A baumannii isolates with imipenem
resistance were considered CRAB.
2.4. Statistical analysis

Statistical analyses were performed with SPSS for Windows
(version 14.0); SPSS Inc, Chicago, IL). Continuous variables were
compared using the Mann–Whitney U test or Student t test, as
appropriate. Categorical variables were compared using Pearson
x2 test or Fisher exact test. A binary logistic regression was used
to identify variables significantly associated with 28-day
mortality in patients with CRAB bacteremia who did not receive
appropriate antibiotic treatment. The variables found to be
statistically significant at a 5% level in the univariate analysis
were included in the multivariate analysis. Among indices of
severity, SOFA score ≥ 10 was chosen as a binary variable
according to the calculation of receiver operating curve. All
significance testing was 2-tailed, and P< .05 was considered
statistically significant.
3. Results

A total of 332 patients with CRAB bacteremia were identified.
One hundred eleven patients who received appropriate anti-
biotics and 10 patients who were transferred to other hospitals
within 28 days after the blood culture test was done were
excluded. Finally, 205 patients who did not appropriate
antibiotics were enrolled in the study. It usually took 4 days
(range, 2–8 days) to receive results after blood culture was done.
Among patients who did not receive appropriate antibiotics,
carbapenems (114, 55.6%) were most commonly prescribed as
antibiotics for gram-negative bacteremia, followed by piper-
acillin/tazobactam (40, 19.5%) and cefepime (1.4%). Thirteen
patients were categorized into the group who did not receive
appropriate antibiotics despite of colistin usage, because they
3

died before administration of colistin for more than 48 hours.
The 28-day mortality in patients with CRAB bacteremia without
appropriate antibiotic treatment was 69.8% (143/205). Of
patients with 28-day mortality, 88.9% (127/143) of patients died
within 5 days. Patients who died within 28 days were included
in the case group and survivors were classified as the control
group.
The differences in the clinical characteristics of case group and

control groups are shown in Table 1. Patients with 28-day
mortality were less likely to be included in the nonfatal McCabe
classification (case group 53, 37.1% vs control group 43, 69.4%;
P< .01). Malignancy (case group 51, 35.7% vs control group 13,
21.0%; P= .048), DM (case group 50, 35.0% vs control group
13, 21.0%; P= .049), CKD (case group 23, 16.0% vs control
group 3, 4.8%; P= .04) and immunocompromised status (case
group 41, 28.7% vs control group 8, 12.9%; P= .02) were
underlying medical conditions that were more frequently found
in patients who died within 28 days. CRAB bacteremia was more
frequently developed during intensive care unit hospitalization in
patients with 28-daymortality (case group 117, 81.8%vs control
group 31, 50.0%; P< .01). Of severity indices, the SOFA score
(median 13, interquartile range [IQR] 9–16 vs 5, 4–7; P< .001)
and APACHE II score (median 22, IQR 14–31 vs 15, 4–21;
P< .001) of patients who died within 28 days were higher than
those who survived. Also, patients with 28-day mortality were
more likely to receive mechanical ventilation (case group 95,
66.4% vs control group 17, 27.4%; P< .001), vasopressor use
(case group 92, 64.3% vs 4, control group 6.5%; P< .01), or
dialysis (case 46, 32.2% vs control group 3, 4.8%; P< .01). As
shown in Table 2, variables of McCabe classification, malignan-
cy, DM, CKD, immunocompromised status, ICU admission,
SOFA ≥ 10, mechanical ventilation, vasopressor use, dialysis,
and pneumonia as a source of bacteremia were included in the
multivariate analysis. Finally, DM (adjusted odds ratio [aOR]
3.81, 95% confidence interval [95% CI] 1.19–12.20), immuno-
compromised (aOR 8.72, 95% CI 2.62–29.70), SOFA ≥ 10
(aOR 13.87, 95% CI 3.70–51.96), vasopressor use (aOR 7.03,
95% CI 1.79–27.60), and pneumonia (aOR 4.44, 95% CI 1.67–
11.78) were found to be the factors independently associated
with the 28-day mortality in patients with CRAB bacteremia who
did not receive appropriate antibiotic treatment.
The survival distribution of patients with CRAB bacteremia

without adequate antibiotic treatment is shown in Fig. 2. Of
patients who survived more than 5 days, the 28-day mortality
was 20.5% (16/78). All of 23 patients who survived more than
5 days and did not have any of bad prognostic factors survived
more than 28 days despite not receiving appropriate antibiotic
treatment.

4. Discussion

This study reports that patients with CRAB bacteremia who did
not receive appropriate antibiotic treatment died early. Despite
high mortality in patients with CRAB bacteremia, it is interesting
to note that some patients survived from CRAB bacteremia even
after not receiving appropriate antibiotic treatment. This is the
first clinical study that shows natural prognosis of patients with
CRAB bacteremia without appropriate antibiotics. The present
study was expected to be used for anticipating prognosis of
patients with CRAB bacteremia and establishing treatment
strategies for CRAB bacteremia.
Major cases of mortality occurred within 5 days and this was

also the case in patients without any risk factor associated with

http://www.md-journal.com


Table 2

Prognostic factors associated with 28-day mortality in patients with carbapenem-resistant Acinetobacter baumannii (CRAB) bacteremia
who did not receive appropriate antibiotic treatment.

Clinical characteristics Univariate analysis, odds ratio (95% CI) Multivariate analysis Adjusted odds ratio (95% CI)

Underlying conditions
Fatal or rapidly fatal vs nonfatal McCabe classification 3.84 (2.03–7.27)
Malignancy 2.09 (1.04–4.21)
Diabetes mellitus 2.03 (1.01–4.09) 3.81 (1.19–12.20)
Chronic kidney disease 3.77 (1.09–13.06)
Immunocompromised vs immunocompetent 2.71 (1.19–6.20) 8.72 (2.62–29.07)
In ICU vs in general ward 4.50 (2.34–8.66)

Severity
SOFA ≥10 vs SOFA < 10 30.79 (10.45–90.73) 13.87 (3.70–51.96)
Mechanical ventilation 5.35 (2.77–10.34)
Vasopressor usage 26.16 (8.98–76.21) 7.03 (1.79–27.60)
Dialysis 9.33 (2.78–31.34)

Source of bacteremia
Pneumonia vs others 3.55 (1.84–6.85) 4.44 (1.67–11.78)

ICU= intensive care unit, SOFA= sequential organ failure assessment.

Table 1

Comparison of clinical characteristics between case and control groups with carbapenem-resistant Acinetobacter baumannii (CRAB)
bacteremia in patients who did not receive appropriate antibiotic treatment.

Clinical characteristics Case (n=143) Control (n=62) P value

Demographics
Age, median (IQR) 69 (58–77) 73 (55–78) .65

Gender, male 87 (60.8) 56 (39.2) .53
Underlying medical conditions

McCabe classification
Nonfatal 53 (37.1) 43 (69.4) <.01
Fatal 60 (42.0) 18 (29.0)
Rapid fatal 30 (21.0) 1 (1.6)

Malignancy 51 (35.7) 13 (21.0) .048
Neurologic disease 39 (27.3) 25 (40.3) .07
Chronic lung disease 36 (25.2) 9 (14.5) .10
Diabetes mellitus 50 (35.0) 13 (21.0) .049
Liver cirrhosis 17 (11.9) 4 (6.5) .32
Heart failure 15 (10.5) 4 (6.5) .44
Chronic kidney disease 23 (16.0) 3 (4.8) .04
ESRD 12 (8.4) 1 (1.6) .11
Immunocompromised 41 (28.7) 8 (12.9) .02

Previous surgery 33 (23.1) 11 (17.7) .46
Previous HD (IQR) 14 (8–31) 14 (7–32) .74
In ICU admission 117 (81.8) 31 (50.0) <.01
Previous ICU days (IQR) 8 (5–14) 11 (7–26) .07
Severity

SOFA score, median (IQR) 13 (9–16) 5 (4–7) <.01
APACHE II (IQR) 22 (14–31) 15 (4–21) <.01
Mechanical ventilation 95 (66.4) 17 (27.4) <.01
Vasopressor 92 (64.3) 4 (6.5) <.01
Dialysis 46 (32.2) 3 (4.8) <.01

Central venous catheter 98 (68.5) 36 (58.1) .15
Previous CRAB colonization 40 (28.0) 11 (17.7) .12
Candida colonization 22 (15.4) 10 (16.1) >.99
Polymicrobial bacteremia 21 (14.7) 15 (24.2) .11
Source of bacteremia

Pneumonia 79 (55.2) 16 (25.8) <.01
Catheter-related infection 6 (4.2) 8 (12.9) .03
Intraabdominal infection 7 (4.9) 4 (6.5) .74
Unknown 45 (31.5) 28 (45.2) .08

Previous antibiotics
Fluoroquinolones 46 (32.2) 21 (33.9) .87
Broad-spectrum cephalosporin 49 (34.3) 20 (32.3) .87
Antipseudomonal penicillin/beta-lactamase inhibitor 66 (46.2) 23 (37.7) .28
Carbapenems 71 (49.7) 27 (43.5) .45

Data are numbers (%) of patients.
Case group, patients who died within 28 days without receiving appropriate antibiotic treatment; Control group, patients who survived for more than 28 days without receiving appropriate antibiotic treatment.
APACHE II= acute physiology and chronic health evaluation II, ESRD= end-stage renal disease, HD=hospital days, ICU= intensive care unit, IQR= interquartile range, SOFA= sequential organ failure
assessment.
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[18,23,24]

Figure 2. Kaplan–Meier survival curve of patients with carbapenem-resistant Acinetobacter baumannii (CRAB) bacteremia without appropriate antibiotic
treatment. Figure B shows the comparison of survival between patients with any of risk factor and with none of risk factor.
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28 day mortality (Fig. 2). However, none of patients who did not
have any poor prognostic factors died if they survived from
CRAB bacteremia for more than 5 days. This result suggests that
diagnostics and therapeutic strategies for CRAB bacteremia
should focus on reducing mortality of those who died within 5
days. As delayed treatment increases the mortality,[12] empirical
treatment including antibiotics against CRAB which can reach
the therapeutic level quickly could be a possible option in
endemic areas. To make use of early diagnostic tools such as
matrix-assisted laser desorption ionization time-of-flight mass
spectrometry,[13] an effective therapeutic regimen is mandatory.
However, colistin, the current drug of choice for CRAB, may not
be suitable weapon owing to its pharmacokinetic/ pharmacody-
namic characteristics.[14] Hopefully, ongoing research will lead to
the development of a monoclonal antibody that binds to the
surface of A baumannii.[15]

Three aspects to determine the prognosis of patients with
CRAB bacteremia include host factor, therapeutic factor and
microbiologic factor. First, comorbidity of host is a well-known
prognostic factor associated with mortality in patients with
CRAB bacteremia. In a previous observation-based study,
Charlson index (hazard ratio 1.16, 95% CI 1.02–1.32; P
.028) was associated with 30-day crude mortality of patients with
CRAB bacteremia.[16] A prospective cohort study involving adult
patients with CRAB infection also reported McCabe classifica-
tion as a prognostic factor associated with overall mortality.[17]

The association of DM and immunocompromised status with
higher 28-day mortality in our study is consistent with the
previous studies. Second, it is evident that severity was associated
with prognosis in CRAB bacteremia as SOFA ≥ 10 was
associated with higher 28-day mortality in our study. In addition
to the SOFA score,[18] Pitt Bacteremia Score,[19] septic shock,[12]

and APACHE II score [20] have been reported as severity index
associated with mortality in CRAB infection. The severity of
bacteremia is not only affected by the host factor but also by the
virulence of microorganisms. Biofilm formation, phospholipase
C production, hemolytic activity, acinetobactin production, and
rpoB gene encoding the b-subunit of the RNA polymerase have
been known as virulence factors of A baumannii.[21,22]

Interestingly, there are reports stating that mortality varies
5

depending on the clone. This phenomenon can be
explained by the fact that only certain clone has a virulence
factor.[25] Unfortunately, in our retrospective study, microbio-
logic factors associated with severity of CRAB bacteremia could
not be evaluated, because isolates of CRAB were not collected
during the study period. This result emphasizes the necessity of
microbiologic analysis in the future.
This study had several limitations. First, some variables that

affected the outcomes in patients with CRAB bacteremia may
have been omitted from the analysis due to the retrospective
nature of the study. Second, death in some patients might not
have been caused by CRAB bacteremia, but rather by alternative
causes such as terminal cancer or impediments to care such as
refusal of intensive care treatment. Third, the definition of
appropriate empirical antibiotics can be controversial. In our
previous analysis, appropriate empirical antimicrobial therapy
for more than 48hours, within 5 days of the onset of bacteremia,
was observed as an associated factor with survival in patients
with CRAB bacteremic pneumonia.[6] Based on this analysis, we
defined appropriate antibiotics as described in the method.
Lastly, we studied A baumannii complex rather than A
baumannii. A variable of species that could affect mortality
was not evaluated,[26] although previous studies reported that
about 90% of A baumannii complex with multidrug or
carbapenem resistance belonged to the genomic species of A
baumannii. We are in the process of carrying out prospective
studies on carbapenem-resistant gram-negative bacteremia
including microbiological analysis.
In conclusion, most of the patients with CRAB bacteremia died

early, although some patients with CRAB bacteremia can survive
without appropriate antibiotic treatment. Severity and underly-
ing conditions were important prognostic factors in patients with
CRAB bacteremia. This study suggests that efforts should be
made to find ways to reduce the early mortality in patients CRAB
bacteremia.
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