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Background. Carbapenem-resistant Acinetobacter baumannii (CRAB) infection is associated with significant mortality, causing
worldwide concern, yet there are limited data on contributing microbiological factors. This study aimed to identify the clinical and
microbiologic risk factors for mortality in CRAB bacteremia.

Methods. Adult patients with monomicrobial CRAB bacteremia in a 2700-bed tertiary hospital between December 2012 and
December 2018 were retrospectively enrolled. Risk factors for 30-day mortality were evaluated. All isolates collected on the first day of bac-
teremia were subjected to colistin susceptibility testing by broth microdilution and to genotyping by multilocus sequence typing.

Results. A total of 164 patients were enrolled, and 90 (55%) died within 30 days. The most common genotype among the iso-
lates was ST191 (49%), and 12 isolates (7%) were resistant to colistin. Genotype, colistin minimum inhibitory concentration, and
colistin resistance were not significantly associated with mortality, in contrast to several clinical factors. In multivariable analysis,
ineradicable or not-eradicated focus (adjusted odds ratio [aOR], 4.92; 95% CI, 1.95-12.42; P = .001), septic shock (aOR, 4.72; 95%
CI, 2.12-10.49; P < .001), and inappropriate antimicrobial therapy (aOR, 2.54; 95% CI, 1.05-6.16; P = .04) were independent risk
factors for mortality. Among antibiotic strategies, colistin combined with tigecycline or other antibiotics were significantly associated
with lower mortality after adjustment for confounding factors.

Conclusions. Clinical factors such as the nature of the infection source and source control, severity of bacteremia, and appropri-
ateness of antibiotics, rather than microbiological factors, contribute to mortality in CRAB bacteremia. A specific antibiotic combi-

nation may help improve outcomes.
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Acinetobacter baumannii, an aerobic, catalase-positive, oxidase-
negative, gram-negative coccobacillus, causes a variety of
human infections in the health care setting [1]. Two major
nosocomial manifestations are bacteremia and ventilator-
associated pneumonia. Others include intravascular catheter-
related infection, surgical site infection, and urinary tract
infection [1]. Infections with this organism have unfavorable
clinical outcomes and impose a considerable economic burden
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[2]. Acinetobacter species can readily have multiple resistance
mechanisms. Carbapenem resistance is an emerging concern
because it is associated with high mortality [3-5]. Carbapenem-
resistant Acinetobacter baumannii (CRAB) was classified by the
World Health Organization as one of the critical priority patho-
gens in the global priority list of antibiotic-resistant bacteria
that was intended to guide research, discovery, and the devel-
opment of new antibiotics [6]. In South Korea, the carbapenem
resistance rate of A. baumannii identified in hospitals was re-
ported to reach 90% [7, 8]. In a report from Kor-GLASS (the
Korean part of the Global Antimicrobial Resistance Surveillance
System), CRAB bacteremia occurred in 6.3 episodes per 10000
patient-days in the intensive care unit and was highest among
multidrug-resistant pathogens [8].

To improve the clinical outcome of CRAB bacteremia,
identifying risk factors for mortality is crucial. The factors
known to affect mortality are underlying medical condition, se-
verity of bacteremia, and early appropriate antimicrobial therapy
[9-13]. In a recent systematic review, inappropriate empirical
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antimicrobial treatment, septic shock, chronic liver disease,
renal failure, neutropenia, immunosuppressant use, and a high
Pitt bacteremia score were risk factors for mortality in CRAB
bacteremia [10]. Although there have been studies on the effects
of clinical factors on mortality, few studies have examined the
impact of microbiological factors. Therefore, we aimed to inves-
tigate the effect of microbiological factors including multilocus
sequence type (MLST) and colistin minimum inhibitory con-
centration (MIC), as well as clinical factors, on mortality.

METHODS

Patients and Study Design

All adult patients with monomicrobial CRAB bacteremia at
the Asan Medical Center, a 2700-bed tertiary hospital, be-
tween December 2012 and December 2018 were retrospec-
tively enrolled in the study. Patients were excluded if (1) they
were <18 years old, (2) they had polymicrobial bacteremia,
(3) they died within 24 hours of bacteremia, or (4) they had
A. baumannii bacteremia within the previous 3 months. If pa-
tients had more than 1 episode of CRAB bacteremia, only the
first episode was analyzed. Consecutive blood isolates that had
been prospectively collected on the first day of bacteremia were
used for further microbiological testing. Risk factors for 30-day
mortality were evaluated through a detailed clinical and micro-
biological analysis of the study patients.

Definitions

CRAB was defined as A. baumannii resistant to imipenem
and meropenem based on Clinical and Laboratory Standards
Institute (CLSI) 2019 breakpoints [14]. CRAB bacteremia was
defined as at least 1 blood culture positive for CRAB with clin-
ical features compatible with infection. Empirical antimicrobial
therapy was defined as treatment started no later than 24 hours
after blood samples for the index blood culture had been drawn.
Definitive therapy was defined as treatment that was continued
or commenced on the day the antibiogram results were re-
ported to the clinicians. Antimicrobial therapy was considered
appropriate if at least 1 antimicrobial agent with in vitro activity
against the causative pathogen was administered. Inappropriate
antimicrobial therapy was defined as inappropriate empirical
therapy in patients who died before susceptibility results were
available and inappropriate definitive therapy in the other pa-
tients. Combination therapy was defined as the use of 1 in vitro
active antimicrobial agent combined with >1 antimicrobial
with gram-negative activity, regardless of in vitro susceptibility.
Corticosteroid therapy was the use of systemic prednisolone
>20 mg equivalent over 2 weeks. A diagnosis of septic shock
was made when systolic blood pressure was <90 mmHg and
there was clinical evidence of peripheral hypoperfusion and
the need for vasopressors [15]. Bacteremia was considered high
grade if >2 blood culture sets from >2 blood culture sets drawn

at the initial CRAB episode were positive. Charlson’s comor-
bidity index was used to score the severity of underlying dis-
ease, and the severity of illness at the time of bacteremia was
assessed by the Pitt bacteremia score [16, 17]. The time interval
between bacteremia and the removal of an eradicable focus was
limited to 7 days to reduce potential survival bias.

Identification and Susceptibility Testing and Treatment Regimens

All blood culture samples were processed by the hospital mi-
crobiology laboratory using a standard blood culture system
(BACTEC FX; Becton Dickinson, NJ, USA). A. baumannii
identification and antimicrobial susceptibility tests were per-
formed using a MicroScan WalkAway 96 Plus system and Neg
Combo Panel Type 72 (Beckman Coulter, Brea, CA, USA).
Colistin susceptibility was tested in triplicate using the broth
microdilution method according to CLSI guidelines [18]. The
results were interpreted according to the CLSI susceptibility
criteria [14]. Isolates with tigecycline MIC <2 mg/L were con-
sidered to be susceptible to tigecycline. The dose of colistin was
a 5-mg/kg or 300-mg colistin base activity loading, followed by
a 150-mg colistin base activity every 12 hours in patients with
normal renal function [19]. The dose of tigecycline was a 100-
mg loading, followed by 50 mg every 12 hours.

Genotyping by MLST

MLST was performed on 7 housekeeping genes (gltA, gyrB,
gdhB, recA, cpn60, gpi, and rpoD) as described previously [20].
Isolates were assigned to sequence types (STs) using tools avail-
able on the A. baumannii MLST database (http://pubmlst.org/
abaumannii/).

Statistical Analysis

Categorical variables were compared using the x test or Fisher
exact test, as appropriate, and continuous variables were com-
pared using the Student ¢ test or Mann-Whitney U test, as appro-
priate. All tests of significance were 2-tailed, and P values <.05
were considered statistically significant. Risk factors for 30-day
mortality of patients with CRAB bacteremia were analyzed
by logistic regression analysis and Cox proportional hazards
regression analysis. Variables that were significant in the uni-
variate analysis and other variables of clinical importance were
included in a multiple logistic regression model and multivar-
iate Cox proportional hazards model. A linear-by-linear associ-
ation test was used to analyze trends among multiple groups. All
statistical analyses were performed using the SPSS for Windows
software package, version 24 (SPSS Inc., Chicago, IL, USA).

Patient Consent Statement

This observational study was approved by the Institutional
Review Board of the Asan Medical Center. To protect per-
sonal privacy, identifying information in the electronic da-
tabase was encrypted. Informed consent was waived by the

2 « OFID « Sonetal


http://pubmlst.org/abaumannii/
http://pubmlst.org/abaumannii/

ethics committee because no intervention was involved and no
patient-identifying information was included.

RESULTS

Patient Characteristics

A total of 298 patients were diagnosed with CRAB bacteremia
during the study period. Patients under 18 years (n = 27) or who
died within 24 hours of bacteremia (n = 12), as well as patients
with polymicrobial bacteremia (n = 90), with A. baumannii
bacteremia within the previous 3 months (n = 2), and for whom
no corresponding blood isolate was collected (n = 3), were ex-
cluded. A total of 164 patients with CRAB bacteremia were
included in the final analysis. The mean age of these patients
(SD) was 63.7 (14.7) years, and 67% were male. Hematologic
malignancy and solid tumor were frequent underlying diseases.
Regarding treatment, 115 of the 164 patients (70%) received
appropriate antimicrobial therapy. Thirty-day mortality was
55% (90/164), and there were no significant differences in age,
gender, or Charlson comorbidity index between the surviving
and deceased patients (Table 1). However, the deceased patients
were significantly different in terms of underlying characteris-
tics, site of infection, severity of infection, and management of
bacteremia. Hematologic malignancy, corticosteroid use, neu-
tropenia, pneumonia, primary bacteremia, ineradicable or not-
eradicated focus, high-grade bacteremia, septic shock, higher
Pitt bacteremia score, and inappropriate definitive therapy were
significantly associated with 30-day mortality. Combination
antimicrobial therapy was associated with a mortality benefit.

Microbiological Characteristics

Of the 164 CRAB isolates, 152 (93%) were susceptible to
colistin (MIC <2.0 mg/L) (Table 2). Six of the 12 patients with
colistin-resistant isolates died. In the 152 patients with colistin-
susceptible CRAB isolates, 30-day mortality decreased as the
colistin MIC increased (60% vs 53% vs 25%; P = .02) (Figure 1).
Similar trends were observed in the 93 patients treated with
colistin (52% vs 48% vs 13%; P = .06) (Supplementary Figure
1). Susceptibility profiles to other antibiotics are provided in
Supplementary Table 1. A total of 9 MLSTs were identified.
ST191 was the dominant genotype, with 80 isolates (49%).
Thirty-day mortality rates did not differ significantly between
the major ST groups (P = .81) (Figure 1). However, there were
significant differences in rates of septic shock between them
(Supplementary Figure 2).

Risk Factors for 30-Day Mortality

Significant variables in the univariate analysis and other vari-
ables of clinical importance were included in a logistic regres-
sion model to identify independent risk factors for mortality.
Because there were significant correlations between the
variables that reflected the severity of bacteremia, we re-
tained only septic shock. For the same reason, ineradicable or

Table 1. Clinical Characteristics and Management of CRAB Bacteremia,
According to 30-Day Mortality

Surviving
Deceased Pa- Patients Total
Characteristic or Treatment tients (n = 90) (n=74) (n=164) PValue
Age, mean £ SD, y 62.1 +16.0 65.6 + 12.7 63.7 + 14.7 12
Male gender 58 (64) 53 (72) 11 (67) .33
Site of acquisition .01
Community-onset health care— 0(0) 6 (8) 6 (4)
associated infection
Hospital-acquired infection 90 (100) 68 (92) 158 (96)
Underlying disease/condition
Hematologic malignancy 33 (37) 13 (18) 46 (28) .01
Solid tumor 18 (20) 26 (35) 44(27) .03
Chronic kidney disease 10 (11) 14 (19) 24 (15) .16
Chronic obstructive pulmonary 8(9) 4 (5) 12.(7) .39
disease
Recent chemotherapy 30 (33) 15 (20) 45 (27) .06
Recent surgery 20 (22) 18 (24) 38 (23) 75
Immunosuppressant use 13 (14) 15 (20) 28 (17) .46
Corticosteroid use 31 (34) 15 (20) 46 (28) .04
Neutropenia 32 (36) 7 (10) 39 (24) <.001
Ventilator care 46 (61) 36 (49) 82 (50) .75
Charlson comorbidity, median 3 (2-5) 4(2-7) 3 (2-6) .09
(IQR)
Type of infection
Catheter-related infection 7 (8) 16 (22) 23 (14) .01
Intra-abdominal infection 10 (11) 8 (11) 18 (11) .95
Biliary tract infection 2(2) 19 (26) 21 (13) <.001
Pneumonia 49 (54) 20 (27) 69 (42) <.001
Skin & soft tissue infection 4 (4) 3(4) 7 (4) .99
Primary bacteremia 18 (20) 6 (8) 24 (15) .03
Eradicable focus 14 (16) 41 (65) 55 (34) <.001
Removal of eradicable focus 9/14 (64) 38/41 (93) 47/55 (85) .02
within 7 d
Days from diagnosis to focus 1(0-2) 2 (0-4) 1(0-4) .33
removal, median (IQR)
Ineradicable or not-eradicated 81 (90) 36 (49) Mn7.(71) <.001
focus
Intensive care unit 70 (78) 38 (51) 108 (66) <.001
Septic shock 67 (74) 20 (27) 87 (47) <.001
Pitt bacteremia score, median 4 (2-8) 2 (0-3) 3(0-5) <.001
(IQR)
High-grade CRAB bacteremia® 65 (72) 38 (51) 103 (63) .01
Inappropriate empirical therapy 61 (68) 47 (64) 108 (66) 57
Inappropriate antimicrobial 36 (40) 13 (18) 49 (30) .002
therapy”
Combination antimicrobial therapy 43 (48) 47 (64) 90 (55) .04
Anti-CRAB strategies® 47 61 108
Tigecycline monotherapy 3 (6) 3 (5) 6 (6) >.99
Tigecycline combination? 6 (13) 5(8) 11 (10) 53
Tigecycline with colistin 10 (21) 20 (33) 30 (28) 19
Colistin combination® 20 (43) 20(33) 40 (37) .30
Colistin monotherapy 7 (15) 10 (16) 17 (16) .83
Sulbactam-based therapy’ 1(2) 2(3) 3@Q) >.99

Data are presented as number of patients (with the corresponding percentage in paren-
theses) unless otherwise specified.

Abbreviations: CRAB, carbapenem-resistant Acinetobacter baumannii;, IQR, interquartile range.

“High-grade CRAB bacteremia was defined when 2 or more blood culture sets were posi-
tive from at least 2 blood culture sets drawn.

"Defined as not using at least 1 antibiotic susceptible to the causative isolate.

°Among patients who received appropriate definitive therapy.

9Tigecycline combination was defined as tigecycline combination therapy without colistin.
“Colistin combination was defined as colistin combination therapy without tigecycline.

fSulbactam-based therapy was sulbactam monotherapy or sulbactam combination without
tigecycline and colistin.
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Table2. Microbiological Characteristics of CRAB bacteremia, According
to 30-Day Mortality

Charactristic of Deceased Pa- Surviving Pa- Total P
Blood Isolates tients (n = 90) tients (n = 74) (n=164) Value
Colistin susceptibility
MIC <0.5 mg/L 55 (61) 36 (49) 91 (56) N
MIC 1.0 mg/L 26 (29) 23 (31) 49 (30) .76
MIC 2.0 mg/L 3(3) 9(12) 12 (7) .03
MIC >4.0 mg/L 6(7) 6 (8) 12 (7) 72
Multilocus sequence type
ST191 43 (48) 37 (50) 80 (49) .78
ST451 13 (14) 10 (14) 23 (14) .86
ST784 13 (14) 9(12) 22 (13) .67
ST369 8(9) 6 (8) 14(9) .86
Others 13 (14) 12 (16) 25 (15) .70

Data are presented as number of patients (with corresponding percentage in parentheses).

Abbreviations: CRAB, carbapenem-resistant Acinetobacter baumannii, MIC, minimum in-
hibitory concentration.

not-eradicated focus was retained, and type of infection was ex-
cluded. Because combination therapy was inversely correlated
with inappropriate definitive treatment and its benefit on mor-
tality disappeared when patients with inappropriate definitive
treatment were excluded, only the latter was retained. Finally,
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Figure 1. Thirty-day mortality according to (A) colistin minimum inhibitory con-

centration and (B) genotype of carbapenem-resistant Acinetobacter baumannii
blood isolates. Abbreviation: MIC, minimum inhibitory concentration.

age, hematologic malignancy, corticosteroid use, ineradicable
or not-eradicated focus, septic shock, high-grade bacteremia,
and inappropriate definitive therapy were included in the lo-
gistic regression. Multivariate analysis indicated that ineradi-
cable or not-eradicated focus (adjusted odds ratio [aOR], 4.92;
95% CI, 1.95 -12.42; P = .001), septic shock (aOR, 4.72; 95% CI,
2.12-10.49; P < .001), and inappropriate antimicrobial therapy
(aOR, 2.54; 95% CI, 1.05-6.16; P = .04) were independent risk
factors for mortality (Table 3). Cox proportional hazards regres-
sion analysis also showed similar results indicating that ineradi-
cable or not-eradicated focus (adjusted hazard ratio [aHR], 2.50;
95% CI, 1.18-4.85; P = .02), septic shock (aHR, 2.67; 95% CI,
1.52-4.72; P = .001), and inappropriate antimicrobial therapy
(aHR, 3.75; 95% CI, 2.89-6.17; P < .001) were independent risk
factors for mortality.

Anti-CRAB Strategies

We classified all anti-CRAB treatments as appropriate defini-
tive therapy into 6 strategies. Of the groups with >10 patients,
tigecycline combination without colistin had the highest 30-day
mortality (6/11, 55%), followed by colistin combination without
tigecycline (20/40, 50%) and colistin monotherapy (7/17, 41%).
Tigecycline with colistin had the lowest 30-day mortality (10/30,
33%) (Table 1). Of 30 CRAB isolates in patients treated with
tigecycline with colistin, 27 (90%) were susceptible to both anti-
microbial agents, 2 (6%) were colistin-resistant but susceptible
to tigecycline, and 1 was colistin-susceptible and tigecycline-
resistant. Different anti-CRAB strategies among patients who
received appropriate definitive therapy were compared. When
compared with monotherapy (using only 1 antibiotic except
colistin), tigecycline and colistin combination (aHR, 0.26;
95% CI, 0.08-0.92; P = .04) and colistin combination therapy
without tigecycline (aHR, 0.28; 95% CI, 0.09-0.89; P = .03) were
significantly associated lower 30-day mortality after adjustment

Table 3. Univariate and Multivariate Analysis of Risk Factors for
Mortality in Patients With CRAB Bacteremia

Univariate Analysis Multivariate Analysis

Result Result
P Adjusted OR P

Risk Factor OR (95% CI) Value (95% CI) Value
Age 0.98 (0.96-1.01) .13
Hematologic 2.72 (1.30-5.67) .01

malignancy
Steroid use 2.07 (1.01-4.22) .05
Ineradicable or 9.50 (4.16- <.001 4.92(1.95-12.42) .001

not-eradicated focus 21.70)

7.87 (3.91-15.81) <.001
157 (1.14-2.17) .01

Septic shock 4.72 (2.12-10.49) <.001

High-grade CRAB
bacteremia

Inappropriate 3.13 (1.50-6.51) .002 2.54(1.05-6.16) .04

antimicrobial therapy

The model fitted the data well in terms of discrimination (C-statistic, 0.84) and calibration
(Hosmer-Lemeshow goodness of fit statistic, 9.62; P = .29).

Abbreviations: CRAB, carbapenem-resistant Acinetobacter baumannii; OR, odds ratio.
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for confounding factors (Table 4). In addition, compared with
patients receiving 1 in vitro active agent against CRAB, patients
receiving 2 or more in vitro active agents tended to have lower
mortality (aHR, 0.40; 95% CI, 0.16-1.04; P = .06).

DISCUSSION

In this retrospective study, microbiological factors such as
colistin MIC and genotype in addition to clinical factors were
investigated to evaluate the risk factors for mortality in CRAB
bacteremia. Ineradicable or not-eradicated infection focus, se-
verity of bacteremia, and appropriate antibiotic therapy, rather
than microbiological factors, were independently associated
with mortality. Colistin-based combination therapy may have
improved outcomes.

Previous studies reported that underlying medical condi-
tions, severity of bacteremia, and use of early appropriate anti-
microbial agents were predictors of mortality in patients with
CRAB bacteremia [9-13]. Surgery before bacteremia, chronic
liver disease, chronic renal disease, neutropenia, and use of cor-
ticosteroid or immune suppressants are medical conditions that
also had adverse effects on clinical outcome [9, 10]. Our study
yielded similar results. In addition, inappropriate definitive
therapy was an independent risk factor for mortality. Of impor-
tance, a relatively large proportion (29%) of our study patients
did not receive appropriate antibiotic treatment, and in those
patients, 30-day mortality was very high (75%). Therefore,
antimicrobial stewardship for patients with CRAB bacteremia
should be reinforced. Contrary to a meta-analysis emphasizing
the importance of empirical therapy [10], the appropriateness
of empirical antibiotics was not associated with mortality in our
study. A possible explanation is that the effect of inappropriate
empirical therapy is short lived (ie, until susceptibility results

Table 4. Univariate and Multivariate Analysis of Associations Between
Different Definitive Antibiotic Strategies and 30-Day Mortality in Patients
With CRAB Bacteremia (n = 108)

Univariate Analysis Multivariate Analysis®

Adjusted HR P

Risk Factor HR (95% CI)  PValue (95% CI) Value

Monotherapy other than - - - _
colistin® (ref)

Tigecycline combination® 0.30 (0.09-1.05) .06
0.22 (0.07-0.72) .0
0.25 (0.09-0.76) .01
0.25 (0.07-0.95) .04

0.28 (0.08-1.04) .06
0.26 (0.08-0.92) .04
0.28 (0.09-0.89) .03
0.28 (0.06-1.36) .12

=

Tigecycline with colistin
Colistin combination®
Colistin monotherapy

Abbreviations: CRAB, carbapenem-resistant Acinetobacter baumannii; HR, hazard ratio.

®Adjusted HRs and 95% Cls were calculated by Cox proportional hazards regression
among patients receiving appropriate definitive therapy, adjusted for age, hematologic ma-
lignancy, ineradicable or not-eradicated focus, septic shock, and CRAB isolation from more
than 2 bottles.

®Monotherapy was defined as using only 1 antibiotic except colistin.
“Tigecycline combination was defined as tigecycline combination therapy without colistin.
9Colistin combination was defined as colistin combination therapy without tigecycline.

are available) and can be corrected by subsequent appropriate
definitive therapy. Ineradicable or not-eradicated focus was also
an important predictor of mortality. Infection source control is
a variable associated with the site of infection, and pneumonia
and undrainable complicated intraabdominal collections are
situations in which the site of infection cannot be eliminated.
A previous study also reported that the mortality rate was
higher in cases where the respiratory tract was the source of
bacteremia [11]. In addition, we found that the mortality rate
increased significantly when an eradicable focus was for any
reason not removed. To reduce potential survival bias (patients
who survive longer have a greater chance of receiving source
control), we limited the time interval between bacteremia and
the removal of an eradicable focus to 7 days in our analysis.
Therefore, in patients whose infection focus is ineradicable or
challenging to eradicate, more aggressive treatment should be
considered.

The optimal antibiotic choice for CRAB bacteremia is con-
troversial. Colistin, tigecycline, and sulbactam, as monotherapy
or combination therapy, are the most commonly used options.
Colistin is generally considered the backbone of treatment [21].
Some studies have suggested the use of tigecycline combina-
tion therapy [22-24]. On the other hand, other studies have not
supported the effectiveness of combination therapy [21, 25]. In
our study, after adjusting for potential confounders, the com-
bination of colistin with tigecycline or other antibiotics, such
as carbapenem or sulbactam increased survivial. However,
given the high overall mortality of CRAB bacteremia (55%),
colistin combination therapy was not strikingly effective (mor-
tality rate, 43%). This suggests that colistin-based therapy may
still be suboptimal. In view of the retrospective design of the
study, it cannot be concluded that colistin combination therapy
is the best treatment option. A future well-designed study is
warranted.

In the present study, colistin MIC was not associated with a
significant difference in mortality. However, mortality rates de-
clined with increasing colistin MIC within the susceptible range
(<2 mg/L), and a similar trend was evident within the colistin-
treated group. However, the number of isolates with high
colistin MIC was too small to conclude that high colistin MIC
contributes to lower mortality. On the other hand, in a previous
study of CRAB pneumonia, mortality was significantly lower
when colistin MIC was below 1 mg/L [26]. However, that study
differed from ours in 2 ways. First, it included cases of CRAB
pneumonia that were nonbacteremic. Second, colistin MIC was
determined using an automated system that may have yielded
results that differed from the reference method. For these
reasons, our study may better reflect the relationship between
clinical outcome of CRAB bacteremia and colistin MIC. We
infer that the tendency of mortality to decrease with increasing
colistin MIC may be due to weakened virulence as CRAB gains
colistin tolerance [27].
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The distribution of sequence types (STs) varies regionally
[28-32]. ST191 is known as the dominant ST in South Korea
[30, 31]. In our case, ST191 was also the most common type and
accounted for about half of the total. Certain clonal types were
found to be associated with poor outcome in previous studies
[9, 28]. Mortality did not differ between STs in our study, but
rates of septic shock did differ significantly; thus, genotype
may influence the early clinical manifestations of bacteremia.
However, further research is needed to elucidate the effect of the
genotype of CRAB on clinical outcomes.

This study has several limitations. First, it was a single-
center study, and clinical data were retrospectively collected.
Unrecognized clinical factors may have resulted in biases.
However, a thorough chart review was done, and we included
a relatively large number of patients to compensate for the lim-
ited study design. Second, the small number of patients who
received tigecycline monotherapy and sulbactam-based therapy
made it difficult to evaluate the effectiveness of those treatments.
Third, because of the confusing nature of kidney injury due to
decreased organ perfusion during bacteremia and the adverse
effect of colistin, we could not evaluate nephrotoxicity during
colistin use. However, despite such limitations, our data have
important clinical implications because we analyzed the effect
of microbiological factors such as colistin MIC and STs on mor-
tality in CRAB bacteremia, which has rarely been done before.

In conclusion, ineradicable or not-eradicated focus, septic
shock, and inappropriate definitive therapy are independent
risk factors for mortality in CRAB bacteremia. There was no
significant mortality difference according to microbiological
factors. In the treatment of CRAB bacteremia, it is important to
eliminate eradicable foci such as catheters and intraabdominal
complicated fluid collections and to administer timely appro-
priate antibiotics. Colistin combination therapy may contribute
to a better treatment outcome.
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