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Conclusions: Clinical factors such as hemodialysis due to acute renal injury and moderate to
severe thrombocytopenia have a greater influence on mortality in CRAB bacteremia compared

with microbiological factors.

Copyright © 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Acinetobacter baumannii (A. baumannii) is a significant
nosocomial pathogen that has become a growing global
concern." This bacterium primarily manifests as bacteremia
and pneumonia. According to the 2019 Centers for Disease
Control and Prevention Antibiotic Resistance Threats
Report, carbapenem-resistant A. baumannii (CRAB) is
classified as an urgent pathogenic threat.? The prevalence
of nosocomial infections caused by CRAB is increasing
exponentially, imposing significant economic and societal
burdens.* Notably, in a report from the Korean sector of the
Global Antimicrobial Resistance Surveillance System, 92.1 %
of A. baumannii strains exhibited resistance to both imi-
penem and meropenem.*>

CRAB bacteremia demonstrates a high 30-d mortality
rate of 55—79.8 % in the Republic of Korea (ROK), due to its
formidable antibiotic resistance level and limited treat-
ment options in the region.*” However, whether the
microbiological features of CRAB itself contribute to higher
mortality remains a subject of controversy. Moreover, in-
sights into the virulence of CRAB and the epidemiological
data on its microbiological factors in ROK are limited.
Furthermore, microbiological factors, optimal antibiotic
treatment, and clinical factors such as comorbidities or
disease severity should be considered when establishing a
strategy to increase survival rates.

Understanding the molecular mechanisms of carbape-
nem resistance and their local epidemiology is critical in
determining the optimal antibiotic treatment.® Specif-
ically, identifying the characteristics of pathogens and
host—pathogen interactions at the molecular and genetic
levels can serve as a guiding principle in the realm of
precision medicine for treating infectious diseases.
Therefore, the clinical implications of the microbiological
properties of CRAB isolates must be characterized. This
study aimed to investigate the virulence profile and
identify clinical and microbiological factors associated
with mortality in patients with CRAB bacteremia.

Methods
Hospital setting and study design

This retrospective cohort study was conducted at a 1048-
bed university-affiliated hospital in Seoul, South Korea,
from July 2015 to July 2021. The study included adult pa-
tients (>18 years old) diagnosed with CRAB bacteremia,
excluding those with polymicrobial bacteremia. Patients,
who were discharged before antimicrobial susceptibility

results became available after blood cultures, were also
excluded. In patients with multiple episodes of CRAB
bacteremia, only the first episode was analyzed.

Definitions and data collection

The following potential predictive variables for mortality
associated with CRAB bacteremia were collected from the
electronic medical records of each patient: age, sex,
comorbidities, source of CRAB bacteremia, laboratory
findings, Pitt bacteremia score at the time of bacteremia,
history of operations or procedures within the last month,
exposure to a medical environment, immunosuppressant
use, and administration of antibiotics for >3 days within
the last month.

CRAB bacteremia was defined as at least one blood
culture positive for A. baumannii obtained from a patient.
Neutropenia and thrombocytopenia were defined as an
absolute neutrophil count of <500 cells/mm? and a platelet
count of <150,000/uL, respectively. Thrombocytopenia
grade was classified as mild (100,000—150,000/uL), mod-
erate (50,000—99,000/uL), or severe (<50,000/uL). Defin-
itive therapy was defined as treatment that was continued
or initiated on the day the antibiotic susceptibility results
were reported to the clinicians. Appropriate definitive
antibiotic therapy was considered if a patient received at
least one antimicrobial agent with in vitro activity against
CRAB isolated from blood cultures, consistent with the
recommended dosage.®'? A diagnosis of septic shock was
adapted from the International Guidelines for Management
of Sepsis and Septic shock."" The source of bacteremia was
classified according to the Centers for Disease Control and
Prevention criteria by the attending physician.'? Early
mortality was defined as patients who died within 72 h of
blood cultures, prior to the availability of antimicrobial
susceptibility results.

Microbiological methods

Consecutive blood isolates obtained on the first day of
CRAB bacteremia diagnosis were collected for further
microbiological analysis. The identity and antibiotic sus-
ceptibility of A. baumannii isolates from blood cultures
were determined using a MicroScan WalkAway-96 Plus
system (Beckman Coulter, Inc., CA, USA). Carbapenem
resistance was defined as a minimum inhibitory concen-
trations of >8 ug/mL for imipenem or meropenem. The
susceptibility test results were interpreted in accordance
with the Clinical Laboratory Standards Institute guide-
lines." A susceptibility breakpoint of <2 mg/L for colistin
was used to evaluate the susceptibility of A. baumannii
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based on the European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST) breakpoints.

The genomic species of CRAB were identified by a
multiplex polymerase chain reaction (PCR) method.™ Six
virulence factor genes (ompA, bfmR, Ata, lipA, abeD, and
choP) and carbapenem-resistant genes (blagya-23 and blayy,-
51) were detected using specific primers (Supplementary
Table 1). Amplification cycles comprised the following
steps: denaturation at 95 °C for 5 min, annealing between
50 and 61 °C for 30—45 s, and extension at 72 °C for 1 min,
repeated for 34 cycles. Amplified PCR products were
assessed through electrophoretic separation on a 2 %
agarose gel and visualization using a transilluminator. For
multilocus sequence typing (MLST), seven housekeeping
genes (gltA, gyrB, gdhB, recA, cpné60, gpi, and rpoD) were
amplified and sequenced for A. baumannii using specific
primers (Supplementary Table 2). Isolates were assigned
sequence types (STs) using tools available in the A. bau-
mannii MLST database (https://pubmlst.org/organisms/
acinetobacter-baumannii).

Statistical analyses

Categorical variables were analyzed using the Pearson x2
test or Fisher’s exact test and are presented as frequencies.
Continuous variables were analyzed using the Wilcoxon
rank-sum test and expressed as medians with interquartile
ranges (IQRs). Variables with P < 0.1 in the comparison
analysis were included in a multivariate logistic regression
analysis with stepwise variable selection based on the Wald
statistical criterion to determine the risk factors associated
with 30-day mortality in patients with CRAB bacteremia.
Statistical significance was set at P < 0.05. The final
selected model was evaluated using the Hosmer—Lemeshow
goodness-of-fit test.

Receiver operating characteristic (ROC) curve analysis
was performed using the final models to generate a risk
index for identifying patients with 30-day mortality. The
discriminative ability of the final models to predict the
probability of mortality was evaluated using the area under
the ROC curve (AUC) analysis. The cutoff value of the
optimal ROC curve was deduced from the Youden’s index.
Furthermore, the performance of the final multivariate
logistic regression model was confirmed by evaluating its
predictive accuracy using the leave-one-out cross-valida-
tion (LOOCV) method and the test dataset. SPSS for Win-
dows software package (version 23.0; SPSS Inc., Chicago,
IL., USA), IBM SPSS Statistics (version 20.0; IBM, Armonk,
NY, USA), and SAS 9.4 (SAS Institute Inc., Cary, NC, USA)
were used for statistical analyses.

Results

Patients with CRAB bacteremia and antibiotic
treatment

During the study period, we collected CRAB isolates from
153 patients. The mean age of the patients was 67 years
(IQR, 56—77 years), and 60.1 % were male. Cardiovascular
(51.6 %), neurological (32.0 %), and metabolic (35.9 %)
diseases were the most common comorbidities.
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Furthermore, catheter-related bloodstream infection
(52.9 %) was the predominant source of CRAB bacteremia,
followed by primary bloodstream (22.2 %) and intra-
abdominal infections (15.0 %). Septic shock occurred in 72
(47.1 %) patients. The in-hospital and 30-day mortality
rates were 58.3 and 23.5 %, respectively. Among the 153
patients, 28 patients died within 72 h after blood cultures
without receiving appropriate definitive antibiotic therapy,
resulting in an early mortality rate of 18.3 %. Finally, we
included 125 patients with CRAB bacteremia, excluding
early mortality, in the analysis (Table 1). Table 1 presents
the details of antibiotic treatment for CRAB bacteremia.
Only 83 (66.4 %) of the 125 patients received appropriate
definitive antibiotic therapy even after CRAB was isolated
from blood cultures. The most common regimen for
appropriate definitive antibiotic treatment was a combi-
nation of carbapenem and colistin (n 62/83; 74.7 %),
followed by a combination of carbapenem and tigecycline
(n = 14/83, 16.9 %) (Table 1).

Microbiologic characteristics

All CRAB isolates were susceptible to colistin and harbored
blaoxa.23 and blapxa.s1. No significant differences in anti-
microbial susceptibility were observed between the survi-
vors and non-survivors (Table 2). The clinical strains
belonged to 10 STs, and the major genotypes were ST191
(27.2 %), ST195 (17.6 %), ST451 (16.0 %), and ST784 (14.4 %).
The distribution of virulence factors was as follows: surface
adhesion (ata, 84.8 %; choP, 7.2 %), biofilm formation
(ompA, 76.8 %), killing of host cells (abeD, 99.2 %), toxins
(lipA, 99.2 %), and conjugation (bfmR, 90.4 %). No signifi-
cant differences in mortality according to STs or virulence
factors were observed between the two groups (Table 2).

Risk factors for 30-day mortality

No significant differences in age, sex, or underlying dis-
eases were observed between the survivors and non-
survivors (Table 1). The sources of CRAB bacteremia did
not significantly differ between the two groups (Table 1).
However, non-survivors had a higher Pitt bacteremia score
than survivors (Table 1). The mortality rate was higher in
patients receiving hemodialysis than in those who did not
(Table 1). In terms of laboratory findings at the time of
CRAB bacteremia diagnosis, non-survivors had significantly
higher lactic acid levels than survivors (Table 1). Moderate-
to-severe thrombocytopenia was more common in non-
survivors than in survivors. However, there were no signif-
icant differences in prior exposure to antibiotics and risk
factors within 30 days between the two groups. Further-
more, appropriate definitive antibiotic treatment and
antibiotic treatment regimens showed no significant dif-
ferences between the two groups (Table 1).

Multivariate logistic regression analysis included signifi-
cant variables (P < 0.1) in the univariate analysis to identify
the independent risk factors for 30-day mortality in patients
with CRAB bacteremia. Upon examining multicollinearity
among the variables, no correlation was identified. In the
multivariate logistic regression analysis, hemodialysis due to
acute kidney injury (odds ratio (OR) 5.675, 95 %
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Table 1 Comparison of demographic and clinical characteristics between survivors and non-survivors among patients with
CRAB bacteremia.
Total (n = 125) Survivors (n = 105) Non-survivors (n = 20) P-value
Age, (years) median (IQR) 69 (56—76) 69 (56—77) 65 (61—74) 0.959
Male, n (%) 78 (62.4) 65 (61.9) 13 (65.0) 0.793
Comorbidities, n (%)
Cardiovascular diseases 68 (54.4) 54 (51.4) 14 (70.0) 0.126
Neurologic diseases 42 (33.6) 34 (32.4) 8 (40.0) 0.509
Hematologic malignancy 9 (7.2) 6 (5.7) 3 (15.0) 0.141
Solid organ malignancy 37 (29.6) 32 (30.5) 5 (25.0) 0.623
Chronic renal diseases 26 (20.8) 22 (21.0) 4 (20.0) 0.923
Chronic liver diseases 17 (13.6) 13 (12.4) 4 (20.0) 0.362
Chronic pulmonary diseases 12 (9.6) 10 (9.5) 2 (10.0) 0.947
Transplantation 7 (5.6) 5 (4.8) 2 (10.0) 0.350
Metabolic diseases 46 (36.8) 39 (37.1) 7 (35.0) 0.855
Hematologic diseases 6 (4.8) 5 (4.8) 1 (5.0) 0.964
Charlsons comorbidity index, median 3 (1-5) 3 (1-5) 3 (2-5) 0.708
(IQR)
Infection sources of CRAB bacteremia, n (%)
Primary BSI 27 (21.6) 23 (21.9) 4 (20.0) 0.850
Catheter-related BSI 68 (54.4) 55 (52.4) 13 (65.0) 0.299
Pneumonia 12 (9.6) 11 (10.5) 1 (5.0) 0.446
Intra-abdominal infections 19 (15.2) 17 (16.2) 2 (10.0) 0.480
Clinical severity of CRAB bacteremia
Pitt bacteremia score, median (IQR) 3 (2—4) 3 (2—4) 4 (2-5) 0.049
Septic shock, n (%) 56 (44.8) 44 (41.9) 12 (60.0) 0.136
Mechanical ventilator, n (%) 88 (70.4) 71 (67.6) 17 (85.0) 0.119
Hemodialysis 39 (31.2) 28 (26.7) 11 (55.0) 0.012
ESRD, n (%) 14 (11.2) 12 (11.4) 2 (10.0) 0.853
Acute kidney injury, n (%) 10 (8.0) 5 (4.8) 5 (25.0) 0.002
ECMO, n (%) 7 (5.6) 5 (4.8) 2 (10.0) 0.350
Risk factors
Length of stay before CRAB bacteremia 29 (18—49) 36 (23—61) 17 (12—24) <0.001
(days), median (IQR)
Recent ICU admission, n (%) 107 (85.6) 88 (83.8) 19 (95.0) 0.191
Prior to operation within 30 days, n (%) 37 (29.6) 30 (28.6) 7 (35.0) 0.564
Neutropenia, n (%) 8 (6.4) 5 (4.8) 3 (15.0) 0.086
Immunosuppressive agents within 30 20 (16.0) 15 (14.3) 5 (25.0) 0.231
days, n (%)
Prior antibiotic exposure
3rd generation cephalosporin, n (%) 46 (36.8) 37 (35.2) 9 (45.0) 0.407
4th generation cephalosporin, n (%) 12 (9.6) 11 (10.5) 1 (5.0) 0.446
Quinolones, n (%) 27 (21.6) 24 (22.9) 3 (15.0) 0.434
Carbapenems, n (%) 15 (12.0) 14 (13.3) 1 (5.0) 0.293
B-lactam/g3-lactamase inhibitors, n (%) 44 (35.2) 37 (35.2) 7 (35.0) 0.984
Laboratory findings, median (IQR)
WBC (x10°/pL) 11.6 (6.87—17.25) 11.6 (6.79—17.25) 11.9 (1.08—19.55) 0.622
CRP (mg/L) 124.5 (66.7—183.4) 119 (63.7—170.8) 185.8 (119.7—242.6) 0.014
Procalcitonin (ng/mL) 1.9 (0.34-6.2) 1.4 (0.3—4.6) 8.7 (2.1-17.7) 0.055
Albumin (g/dL) 2.6 (2.3-2.9) 2.6 (2.3-2.9) 2.5 (2.2-3.1) 0.938
LDH (IU/L) 649 (414—891) 617 (404—882) 736 (498—1049) 0.287
Lactic acid (mmol/L) 1.7 (1.2-2.2) 1.6 (1.2—2.1) 2.5 (1.2—6.2) 0.039
Platelet/lymphocyte ratio 152.9 (72.7—259.8) 166.7 (74.9—259.8) 88.6 (49.3—343.5) 0.852
Thrombocytopenia, n (%) 71 (56.8) 54 (51.4) 17 (56.8) 0.005
Moderate-to-severe thrombocytopenia, 54 (43.2) 38 (36.2) 16 (80.0) <0.001
n (%)
Antibiotic treatment, n (%)
Appropriate definitive antibiotic 83 (66.4) 70 (66.7) 13 (65.0) 0.885
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Table 1 (continued)

Total (n = 125) Survivors (n = 105) Non-survivors (n = 20) P-value
treatment for CRAB bacteremia

Carbapenem + Tigecycline 14 (16.9) 13 (18.6) 1(7.7) 0.336
Carbapenem + colistin 62 (74.7) 53 (75.7) 9 (69.2) 0.621
Others® 7 (8.4) 6 (8.6) 1(7.7) 0.917
Outcomes, median (IQR)
Length of hospital stay, (days) 62 (34—103) 69 (42—114) 19 (17-25) <0.001
Length of stay after CRAB bacteremia, 21 (6—57) 28 (9-61) 2 (1-6) <0.001

(days)

2 The antibiotics were prescribed within 48 h after diagnosis of CRAB bacteremia.
b Colistin, tigecycline, carbapenem, minocycline and minocycline + carbapenem were included.
Abbreviations: ICU, intensive care unit; BSI, bloodstream infection; CRAB, carbapenem-resistant A. baumannii; CRP, C-reactive protein;
ECMO, extracorporeal membrane oxygenation; ESRD, end-stage renal disease; IQR, interquartile range; LDH, lactate dehydrogenase;

WBC, white blood cells.

Table 2 Comparison of microbiologic characteristics between survivors and non-survivors among patients with CRAB

bacteremia.
Virulence factors Total (n = 125) Survivors (n = 105) Non-survivors (n = 20) P-value
Antibiotic susceptibility, n (%)
Sulbactam (R) 121 (96.8) 102 (97.1) 19 (95.0) 0.618
Tigecycline (R) 16 (16.5) 13 (15.9) 3 (20.0) 0.691
Minocycline (R) 12 (9.7) 10 (9.5) 2 (10.5) 0.892
Type of carbapenemase, n (%)
OXA-23 125 (100) 105 (100) 20 (100) =
OXA-51 125 (100) 105 (100) 20 (100) =
Virulence factors, n (%)
Surface adhesion

Ata 106 (84.8) 91 (86.7) 15 (75.0) 0.183

ChoP 9 (7.2) 6 (5.7) 3 (15.0) 0.141
Biofilm formation

OmpA 96 (76.8) 79 (75.2) 17 (85.0) 0.343
Killing host cell

AbeD 124 (99.2) 104 (99.0) 20 (100) 0.661
Toxin

LipA 124 (99.2) 104 (99.0) 20 (100) 0.661
Conjugation

BfmR 113 (90.4) 93 (88.6) 20 (100) 0.112
Sequence types (allelic profile®), n (%)
ST 191 (1-3-3-2-2-94-3) 34 (27.2) 29 (27.6) 5 (25.0) 0.809
ST 195 (1-3-3-2-2-96-3) 22 (17.6) 18 (17.1) 4 (20.0) 0.758
ST 208 (1-3-3-2-2-97-3) 7 (5.6) 7 (6.7) 0 (0) 0.235
ST 369 (1-3-3-2-2-106-3) 6 (4.8) 3(2.9) 3 (15.0) 0.020
ST 451 (1-3-3-2-2-142-3) 20 (16.0) 18 (17.1) 2 (10.0) 0.425
ST 469 (1-12-3-2-2-103-3) 2 (1.6) 1(1.0) 1 (5.0) 0.186
ST 491 (10-53-4-11-4-98-5) 2 (1.6) 2 (1.9) 0 (0) 0.534
ST 784 (1-3-3-2-2-107-3) 18 (14.4) 15 (14.3) 3 (15.0) 0.934
ST 1599 (1-12-3-2-2-98-3) 5 (4.0) 5 (4.8) 0 (0) 0.319
ST 1653 (1-3-3-2-59-96-3) 1 (0.8) 1(1.0) 0 (0) 0.661
Non-typable strains 8 (6.4) 6 (5.7) 2 (10.0) 0.473

@ Allelic profile: gltA — gyrB — gdhB — recA - cpn60 — gpi — rpoD.
Abbreviations: R, resistant; ST, sequence type.
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Table 3  Multivariable logistic regression analysis of the risk factors associated with 30-day mortality in patients with CRAB
bacteremia.

Risk factors B-coefficient  Standard error  Odds ratio 95 % confidence interval  P-value
Acute kidney injury 1.736 0.780 5.675 1.230—26.183 0.026
Moderate to severe thrombocytopenia  1.947 0.826 7.006 1.388—35.369 0.018

In the multivariate logistic regression model, a backward selection approach was adopted with variables including the Pitt bacteremia
score, moderate-to-severe thrombocytopenia, acute kidney injury, CRP, procalcitonin, lactic acid, neutropenia, and ST 369 (P < 0.1,

univariate analysis).

confidence interval (ClI) = 1.230—26.183, P = 0.026), and
moderate to severe thrombocytopenia (OR = 7.006, 95 %
Cl = 1.388—-35.369, P = 0.018) were significant risk factors
associated with 30-day mortality in the patients with CRAB
bacteremia (Table 3). However, microbiological factors were
not significant predictors. The Hosmer—Lemeshow goodness-
of-fit test yielded a P-value <0.001, indicating no significant
evidence for lack of fit in the final models. The LOOCV was
used to assess the predictive accuracy of the final model.
When the cutoff values of >0.141 and >0.086 were applied
to the model, the AUC values for the model were 0.841 (95 %
Cl 0.749—0.909) and 0.740 (95 % CI 0.637—0.827), respec-
tively, for both raw data and LOOCV. The sensitivity, speci-
ficity, positive predictive value, and negative predictive
value of this prediction rule were 83.3 (95 % Cl, 51.6—97.9),
83.3 (95 % Cl, 73.2—90.8), 43.5 (95 % Cl, 30.6—57.3), and
97.0 % (95 % ClI, 90.1—99.1), respectively.

Discussion

This study identified hemodialysis for acute kidney injury
and moderate to severe thrombocytopenia as predictors of
mortality in patients with CRAB bacteremia. Although no
significant association was identified between microbio-
logical factors and mortality, the major strain was ST191
carrying blagxa.»3.

In our study, hemodialysis due to acute kidney injury
during treatment for CRAB bacteremia was a risk factor for
30-day mortality. Notably, using a central venous catheter
for hemodialysis is the most important risk factor for
developing CRAB bacteremia in patients receiving hemodi-
alysis." In a recent systematic review, acute renal failure
was a risk factor for mortality in CRAB bacteremia.'®
Meanwhile, considering the concerns regarding reduced
antibiotic dosing regimens in patients undergoing hemodi-
alysis, dialysis may have compromised adequate antibiotic
therapy.'’

Our findings suggest that the presence of thrombocyto-
penia at the onset of CRAB bacteremia is associated with
unfavorable outcomes. Severe or sustained thrombocyto-
penia is closely associated with microvascular thrombosis,
organ failure, and higher mortality in septic conditions.’® A
previous study also reported that thrombocytopenia during
bacteremia was associated with an increased risk of
mortality. "

In our study, only 66.4 % of patients with CRAB bacter-
emia received appropriate definitive antibiotics. These
findings underscore the importance of antibiotic steward-
ship and early diagnosis to improve treatment outcomes in
patients with CRAB bacteremia. In the ROK, novel
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antibiotics such as cefiderocol, which are effective against
CRAB infection, are not available; therefore, the rapid
introduction of these antibiotics is urgent.

Our study revealed that blaogxa.,3 and blapxa.s1 were
present in all the CRAB isolates. Overexpression of blagxa.s1
is known to cause intrinsic resistance to carbapenems,?’
and in Asian countries, blapxa.23 is the most frequently
identified carbapenemase among CRAB isolates.?'?? In our
hospital, collecting CRAB isolates producing non-blagxa-23
carbapenemases was challenging, preventing the evalua-
tion of clinical features according to carbapenem-resistant
genes.

The detection rate of OmpA, which is associated with
biofilm formation, was 76.8 %. Compared with that of the
other five virulence factors (OmpA, Ate, AbeD, LipA, and
BfmR), the detection rate of ChoP was relatively low at
7.2 %. Furthermore, each CRAB isolate often harbors multi-
ple virulence genes. In theory, microbiological factors such
as complex antibiotic resistance and pathogen virulence can
contribute to serious conditions and death in patients.”® A
recent study reported that 56.0 % of 30-day mortality cases
with CRAB bacteremia occurred within 3 days, similar to
53.3 % in our study.?* Considering that the effect of antibi-
otics is evaluated 3 days after administration, the virulence
and clinical severity of the patients can be important factors
in determining the patient’s prognosis. Currently, the viru-
lence determinants of CRAB have not been completely
elucidated; however, the acquisition or expression of
virulence-associated genes determines their pathogenicity
under different regulations for each unique condition.
However, no virulence factors were associated with 30-day
mortality in the patients with CRAB bacteremia in this
study. Therefore, further studies are needed to evaluate
whether other unanalyzed virulence factors are associated
with the prognosis of CRAB bacteremia.

ST191 was the predominant strain in our study, known to
express blapxa.23 associated with a high rate of carbapenem
resistance, consistent with previous findings.”* ST191
accounted for 27.2 % of the total CRAB isolates, and other
clones, such as ST195, ST451, and ST784, accounted for
48.0 % of the representative CRAB isolates. Previous studies
have suggested differences in the occurrence of septic
shock or death among diverse clones.?*%¢ In particular, the
ST218 strain harboring blapxa.72 Was associated with high
mortality.”” However, the STs were not significantly asso-
ciated with 30-day mortality of CRAB bacteremia in this
study. The heterogeneity among these study findings high-
lights the need for well-designed research on the clinical
outcomes of patients with CRAB bacteremia according to
the genotypes of the CRAB isolates.
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Our study has several limitations. First, it was a retro-
spective, single-center study involving a relatively small
number of participants. Second, although hemodialysis
during the treatment of CRAB bacteremia was significantly
associated with mortality, distinguishing whether the cause
of acute kidney injury was organ dysfunction caused by
bacteremia or adverse events related to drugs such as
colistin was difficult.

Conclusions

Our study revealed that hemodialysis due to acute kidney
injury during the treatment of CRAB bacteremia and mod-
erate to severe thrombocytopenia were significantly asso-
ciated with mortality in patients with CRAB bacteremia.
These clinical factors had a more pronounced impact on the
clinical course of CRAB bacteremia compared to microbio-
logical factors. Nonetheless, comprehensive microbiolog-
ical data remains crucial for infection control and the
development of patient-specific treatment strategies.

Funding

This study was supported by a grant from the Korea Health
Industry Development Institute (grant number HI23C1297)
of the Republic of Korea. Funding sources played no role in
the study design, data collection, data analysis, decision to
publish, or manuscript preparation.

Availability of data and materials

Data supporting the findings of this study are available upon
request from the corresponding author.

Conflicts of interest

The authors declare no competing interests.

Acknowledgments

None.

References

1. Higgins PG, Dammhayn C, Hackel M, Seifert H. Global spread of
carbapenem-resistant Acinetobacter baumannii. J Antimicrob
Chemother 2010;65:233—8.

. CDC. Antibiotic resistance threats in the United States. GA:
Atlanta: Centers for Disease Control; 2019. p. 9.

3. Nelson RE, Schweizer ML, Perencevich EN, Nelson SD,
Khader K, Chiang HY, et al. Costs and mortality associated with
multidrug-resistant healthcare-associated Acinetobacter in-
fections. Infect Control Hosp Epidemiol 2016;37:1212—8.

. Chung DR, Song JH, Kim SH, Thamlikitkul V, Huang SG, Wang H,
et al. High prevalence of multidrug-resistant nonfermenters in
hospital-acquired pneumonia in Asia. Am J Respir Crit Care
Med 2011;184:1409—17.

5. Liu C, Yoon EJ, Kim D, Shin JH, Shin JH, Shin KS, et al. Anti-

microbial resistance in South Korea: a report from the Korean

154

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

global antimicrobial resistance surveillance system
GLASS) for 2017. J Infect Chemother 2019;25:845—59.

(Kor-

. Lee CM, Kim CJ, Kim SE, Park KH, Bae JY, Choi HJ, et al. Risk

factors for early mortality in patients with carbapenem-
resistant Acinetobacter baumannii bacteremia. J Glob Anti-
microb Resist 2022;31:45—51.

. Kim SY, Jung JY, Kang YA, Lim JE, Kim EY, Lee SK, et al. Risk

factors for occurrence and 30-day mortality for carbapenem-
resistant Acinetobacter baumannii bacteremia in an intensive
care unit. J Kor Med Sci 2012;27:939—47.

. Karakonstantis S, Kritsotakis El, Gikas A. Treatment options for

K. pneumoniae, P. aeruginosa and A. baumannii co-resistant to
carbapenems, aminoglycosides, polymyxins and tigecycline: an
approach based on the mechanisms of resistance to carbape-
nems. Infection 2020;48:835—51.

. Ladner JT, Grubaugh ND, Pybus OG, Andersen KG. Precision

epidemiology for infectious disease control. Nat Med 2019;25:
206—11.

The sanford guide to antimicrobial therapy. Dallas: Antimi-
crobial Therapy, Inc.; 2023.

Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM,
French C, et al. Surviving sepsis campaign: international
guidelines for management of sepsis and septic shock 2021.
Intensive Care Med 2021;47:1181—247.

Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance defi-
nition of health care-associated infection and criteria for
specific types of infections in the acute care setting. Am J
Infect Control 2008;36:309—32.

Wayne PC, LSI. Methods for dilution anti-microbial suscepti-
bility tests for bacteria that grow aerobically; approved
standard. 30th ed. Clinical and Laboratory Standards Institute;
2020.

Chen TL, Siu LK, Wu RCC, Shaio MF, Huang LY, Fung CP, et al.
Comparison of one-tube multiplex PCR, automated ribotyping
and intergenic spacer (ITS) sequencing for rapid identification
of Acinetobacter baumannii. Clin Microbiol Infect 2007;13:
801—6.

Huang ST, Chiang MC, Kuo SC, Lee YT, Chiang TH, Yang SP,
et al. Risk factors and clinical outcomes of patients with
carbapenem-resistant Acinetobacter baumannii bacteremia. J
Microbiol Immunol Infect 2012;45:356—62.

Du X, Xu X, Yao J, Deng K, Chen S, Shen Z, et al. Predictors of
mortality in patients infected with carbapenem-resistant Aci-
netobacter baumannii: a systematic review and meta-analysis.
Am J Infect Control 2019;47:1140-5.

Ruiz J, Favieres C, Broch MJ, Villarreal E, Gordon M, Quinza A,
et al. Individualised antimicrobial dosing in critically ill pa-
tients undergoing continuous renal replacement therapy: focus
on total drug clearance. Eur J Hosp Pharm 2018;25:123—6.
Pigozzi L, Aron JP, Ball J, Cecconi M. Understanding platelet
dysfunction in sepsis. Intensive Care Med 2016;42:583—6.
Cheng A, Chuang YC, Sun HY, Yang CJ, Chang HT, Yang JL, et al.
Should we treat patients with only one set of positive
blood cultures for extensively drug-resistant Acinetobacter
baumannii the same as multiple sets? PLoS One 2017;12:
e0180967.

Al-Rashed N, Bindayna KM, Shahid M, Saeed NK, Darwish A,
Joji RM, et al. Prevalence of carbapenemases in carbapenem-
resistant Acinetobacter baumannii isolates from the kingdom
of Bahrain. Antibiotics 2023;12:1198.

Jeon H, Kim S, Kim MH, Kim SY, Nam D, Park SC, et al. Mo-
lecular epidemiology of carbapenem-resistant Acinetobacter
baumannii isolates from a Korean hospital that carry blapxa.23-
Infect Genet Evol 2018;58:232—6.

Leung EC, Leung PH, Lai RW. Emergence of carbapenem-
resistant Acinetobacter baumannii ST195 harboring blaoxa-23
isolated from bacteremia in Hong Kong. Microb Drug Resist
2019;25:1199—-203.


http://refhub.elsevier.com/S1684-1182(23)00207-4/sref1
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref1
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref1
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref1
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref2
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref2
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref3
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref3
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref3
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref3
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref3
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref4
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref4
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref4
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref4
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref4
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref5
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref6
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref6
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref6
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref6
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref6
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref7
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref7
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref7
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref7
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref7
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref8
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref8
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref8
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref8
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref8
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref8
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref9
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref9
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref9
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref9
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref10
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref10
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref11
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref11
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref11
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref11
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref11
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref12
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref13
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref13
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref13
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref13
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref14
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref15
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref15
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref15
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref15
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref15
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref16
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref16
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref16
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref16
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref16
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref17
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref17
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref17
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref17
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref17
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref18
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref18
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref18
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref19
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref19
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref19
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref19
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref19
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref20
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref20
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref20
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref20
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref21
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref22
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref22
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref22
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref22
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref22

Journal of Microbiology, Immunology and Infection 57 (2024) 148—155

23.

24.

25.

26.

Zhu Y, Zhang X, Wang Y, Tao Y, Shao X, Li Y, et al. Insight into
carbapenem resistance and virulence of Acinetobacter bau-
mannii from a children’s medical centre in eastern China. Ann
Clin Microbiol Antimicrob 2022;21:47.

Kim MH, Jeong H, Sim YM, Lee S, Yong D, Ryu CM, et al. Using
comparative genomics to understand molecular features of
carbapenem-resistant Acinetobacter baumannii from South
Korea causing invasive infections and their clinical implica-
tions. PLoS One 2020;15:e0229416.

Son HJ, Cho EB, Bae M, Lee SC, Sung H, Kim MN, et al. Clinical
and microbiological analysis of risk factors for mortality in
patients with carbapenem-resistant Acinetobacter baumannii
bacteremia. Open Forum Infect Dis 2020;7:1—7.

Nutman A, Glick R, Temkin E, Hoshen M, Edgar R, Braun T,
et al. A case—control study to identify predictors of

155

27.

14-day mortality following carbapenem-resistant Acineto-
bacter baumannii bacteremia. Clin Microbiol Infect 2014;20:
01028—34.

Liu CP, Lu HP, Luor T. Clonal relationship and the association of
the ST218 strain harboring blaoxa.7» gene to mortality in
carbapenem-resistant Acinetobacter baumannii bacteremia. J
Microbiol Immunol Infect 2019;52:297—303.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jmii.2023.11.001.


http://refhub.elsevier.com/S1684-1182(23)00207-4/sref23
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref23
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref23
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref23
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref24
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref24
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref24
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref24
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref24
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref25
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref26
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref27
http://refhub.elsevier.com/S1684-1182(23)00207-4/sref27
https://doi.org/10.1016/j.jmii.2023.11.001

	Clinical and molecular predictors of mortality in patients with carbapenem-resistant Acinetobacter baumannii bacteremia: A  ...
	Introduction
	Methods
	Hospital setting and study design
	Definitions and data collection
	Microbiological methods
	Statistical analyses

	Results
	Patients with CRAB bacteremia and antibiotic treatment
	Microbiologic characteristics
	Risk factors for 30-day mortality

	Discussion
	Conclusions
	Funding
	Availability of data and materials
	Conflicts of interest
	Conflicts of interest
	Acknowledgments
	References
	Appendix A. Supplementary data


