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Background: The objective of our study is to estimate the differences in molecular
epidemiology and resistance mechanisms in carbapenem-resistant Acinetobacter baumannii
(CRAB) isolates from the ICU and respiratory department(RD) in Fourth Affiliated Hospital
of Harbin Medical University.

Methods: Carbapenemase genes associated with carbapenem resistance were studied by
polymerase chain reaction(PCR). Genotyping was analyzed using multi-locus sequence
typing (MLST) and pulsed field gel electrophoresis (PFGE).

Results: Sixty non-duplicate CRAB isolates from the ICU and RD (n=30, respectively) were
collected. All of CRAB strains were not resistant to colistin (0%). The CRAB strains from
the ICU were significantly more resistant to tigecycline and cefoperazone/sulbactam com-
pared with the RD (23.3% vs 0%, P=0.03; 53.3% % vs 23.3%, P=0.01, respectively). PCR
detection of genes associated with CRAB revealed that the ratio in both the ICU and the RD
of blaVIM-2, blaIMP-4, blaNDM-1, blaOXA-23, ampC, and mutation of CarO were present
in 23.3% vs 0% (P=0.01), 40% vs 10% (P=0.02), 20% vs 0% (P=0.02), 80% vs 56.7%,
16.7% vs 13.3% and 86.7% vs 60% (P=0.04), respectively. Seven genotypes were detected
by the PFGE in the RD and the ICU, respectively. Genotype I was significantly more
frequent in the ICU compared with the RD (63.3% vs 36.6%, P=0.03). MLST showed that
there were 10 ST genotypes in the RD and four in the ICU, but ST92 in both groups was
33.3% vs 63.3% (P=0.03), respectively.

Conclusion: There are differences in molecular epidemiology and resistance mechanisms in
the CRAB isolates between the ICU and RD.

Keywords: Acinetobacter baumannii, carbapenem resistance, molecular epidemiology,
resistance mechanisms

Background

Acinetobacter baumannii (A. baumannii or AB) has emerged as a very important
pathogen of nosocomial infections and has been related to high morbidity and
mortality in the past decade.'” Carbapenems were the first choice in the treatment
of A. baumannii infection due to their previously high antimicrobial activity and
low toxicity.” However, A. baumannii has developed a resistance to this drug,
resulting in a central global health threat. A rising incidence of carbapenem-
resistant 4. baumannii (CRAB) in intra-hospital and inter-hospital dissemination
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has appeared in the intensive care unit (ICU)*° of the
chosen hospital. Recent studies have reported that CRAB
strains are major causative organisms in hospital-acquired
that 65% of
A. baumannii infections in the United States and Europe

infections.”® It has been revealed
were caused by CRAB.>'® Simultaneously, the infection
rate of CRAB in China has reached 62%.""

CRAB is chiefly in connection with the emergence of
class D carbapenem-hydrolyzing-lactamases and infre-
quently in connection with metallo-B-lactamases.'® There
are the blaOXA-23-like gene that is mainly related to
CRAB." The previous literature revealed the spread of
resistant bH/laOXA-23-producing AB clones in 18 Chinese
provinces."* In addition, the resistance mechanism of
CRAB was also bound with mutation in the CarO gene
and efflux pump.'> However, there is extremely limited
data about the molecular epidemiology and resistance
mechanisms of CRAB in Harbin, China. Furthermore, no
data are available on the epidemiological characteristics of
CRAB isolates from the ICU and respiratory department.

Multi-locus sequence typing (MLST), pulsed field gel
electrophoresis (PFGE) and polymerase chain reaction-
(PCR) are the most frequently and widely used methods
for the characterization of the molecular epidemiology
study of 4. baumannii."®

The main objectives of our study are to estimate the
differences in clinical characteristics, antimicrobial resis-
tance profiles, molecular epidemiology, and resistance
mechanisms in CRAB isolates from the ICU and respira-
tory department using MLST, PCR and PFGE in
a university teaching hospital in China’s northeastern
region. These will provide a theoretical basis for nosoco-

mial infection control and prevention of CRAB.

Methods

The fourth Affiliated Hospital of Harbin Medical
University, located in northeastern China, a tertiary teach-
ing hospital with 2600 beds in use, including a 30-bed
medical ICU and a 120-bed respiratory department.

Bacterial Isolates and Identification

During the period of July 2019 to January 2020, 60 non-
duplicate CRAB strains from the ICU and respiratory
department, 30 isolates, respectively, were collected. The
isolated for this
research, all patients provided written informed consent.

clinical samples were specifically

The method for identifying A. baumannii is to detect
blaoxa-51-like gene of 4. baumannii complex by PCR.

The CRAB was defined as all the analyzed AB strains,
whether in the ICU or respiratory department, were resis-
tant to imipenem and meropenem. Clinical isolates from
the samples including respiratory tract, urinary tract,
blood,
Carbapenemases were screened by the Modified Hodge

and wound surface samples were obtained.
test and the results were interpreted according to the
Clinical and Laboratory Standards Institute (CLSI)
2018."7 Isolates identification, the minimum inhibitory
concentration (MIC) and antimicrobial susceptibility test-
ing of CRAB were performed using the VITEK 32 system
(bioMerieux, France).

Antimicrobial Sensitivity and Resistance
The in vitro activity of regularly utilized antimicrobial
agents was determined by broth microdilution in line
with the guidelines of the CLSI.'” The interpretive stan-
dards for the MIC of the antibiotics were determined based
on the CLSI breakpoints.'” Susceptibility testing of anti-
microbials was performed using the broth microdilution
method. The results were interpreted according to the
breakpoints suggested by the CLSL.'” The seven types of
antibiotic agents tested in this study were the extended-
spectrum  cephalosporins  (ceftazidime), carbapenems
(imipenem and meropenem), quinolones (ciprofloxacin),
b-lactam/b-lactamase inhibitor combinations (piperacillin/
tazobactam and cefoperazone/sulbactam), aminoglyco-
sides (gentamicin and amikacin), glycopeptides (colistin),
and tetracyclines (tigecycline). Colistin was examined in
line with the recommendations of the CLSI."”

With regard to tigecycline, susceptibility/resistance
breakpoints were interpreted according to the European

Committee on Antimicrobial

18,19

Susceptibility Testing
ATCC 25,922
A. baumannii ATCC 19,606 were used as reference strains.

criteria. Escherichia  coli and

PCR Detection of Carbapenemases and

Outer Membrane Protein of Carbapenem-
Associated Resistance OMP (CarO)

Genomic DNA extractions were implemented according to
a reformative protocol as, reported in the literature.”*' First,
the CRAB isolates were hatched on Mueller—Hinton agar
plates all night at 37°C. Second, a loop full of each pure
isolate was introduced in 300 pL of sterile distilled water
and boiled for 10 minutes. After five minutes of centrifuga-
tion (6000 r.p.m.), the supernatant was kept at —20°C as
a DNA template for PCR amplification. The existence of
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carbapenemase-encoding  genes, including blaNDM,
blaSPM, blaAIM, blaKPC, blaVIM, blaIMP, blaOXA-23-
like, and bla-OXAS51-like and genes related to carbapenem
resistance, including CarO and ampC were detected by PCR
assays.”"*? The total information of the PCR primers uti-
lized in our study is shown in Table 1. The detected data
were analyzed by applying Bioedit software, and the find-
ings were contrasted by network blast software.?’

Molecular Typing by MLST and PFGE
MLST

MLST was performed as previously described.”® The iso-
lates were assigned to sequence types by using tools on the
CRAB strains and MLST database (http://pubmlst.org/

abaumannii/).

PFGE

Chromosomal DNA was prepared from CRAB strains and
digested with Apal (TaKaRa Bio) as previously reported.*
The PFGE results were interpreted by the criteria accord-
ing to the reported literature.*

Table | Information Concerning the Primers Used in This Study

Statistical Analysis

Analyses were performed using SPSS 17.0 (SPSS Inc.,
Chicago, IL) for all data. Comparative analyses were exe-
cuted by the Chi-square or Fisher exact tests for catego-
rical variables, and by the #-test for continuous variables.
All examinations were two-tailed, and P<0.05 was consid-
ered to indicate statistical significance.

Results

In total, 60 non-duplicate CRAB clinical isolates from the
ICU and respiratory department, including 30 isolates,
respectively, were collected between July 2019 and
January 2020. All patients with the CRAB infection from
the ICU and respiratory department had nosocomial infec-
tions. The rates of mechanical intervention were 70% (21/
30) in the respiratory department and 100% (30/30) in the
ICU. CRAB clinical isolates from the samples including the
respiratory tract (81.7%, 49/60), blood (10%, 6/60), and
wound surfaces (8.3%, 5/60) were obtained. Attributable
mortality from the CRAB infection was 6.67% (2/30) in
the respiratory department, and 23.33% (7/30) in the ICU,

Primer Name | Sequence (5'—3’) DNA Amplicon Size (bp) | Annealing Temperature (°C) | Reference

OXA-23-like F: GATCGGATTGGAGAACCAGA 501 53.2 [23]
R: ATTTCTGACCGCATTTCCAT

OXA-51-like F:CTAATAATTGATCTACTCAAGTTAC | 988 55.1 [24]
R: GAATACTCCATTTGAACCARTGG

NDM F: CGGAATGGCTCATCACGATC 621 50 [25]
R: CGGAATGGCTCATCACGATC

IMP F: GGAATAGAGTGGCTTAAYTCTC 232 55 [25]
R: GGTTTAAYAAAACAACCACC

VIM F: GATGGTGTTTGGTCGCATA 390 55 [25]
R: CGAATGCGCAGCACCAG

KPC F: CGTCTAGTTCTGCTGTCTTG 798 55 [25]
R: CTTGTCATCCTTGTTAGGCG

ampC F: AGGAGCTAATCATGCGATT 1259 56 [26]
R: CAAGCTTAGGATATGTTTGG

CarO F: GACAACTACAGCTTTACTTGCT 711 57 [23]
R: ACACCAACTTTACCAACTGG

SPM F:AAAATCTGGGTACGCAAACG 271 52 [26]
R:ACATTATCCGCTGGAACAGG

AIM F:CTGAAGGTGTACGGAAACAC 322 52 [26]
R:GTTCGGCCACCTCGAATTG

Abbreviation: CarO, carbapenem-associated resistance OMP.
Infection and Drug Resistance 2021:14 submit your manuscript 745
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Table 2 Summarized Demographic Data for All Patients from Respiratory Department and ICU (n=60)

Parameter Quantity Respiratory Department Quantity ICU P value
Age 60.36%15.52 (mean years old +SD) 61.48+16.32 (mean years old +SD) 0.88
Gender

Male 60%(18/30) 63.33%(19/30) 0.92

Female 40%(12/30) 36.67%(11/30) 0.76
Hospitalization days 19.38+13.25 (mean days +SD) 21.55+18.87 (mean days +SD) 0.62
Crude Mortality 30%(9/30) 40%(12/30) 0.59
Attributable mortality 6.67%(2/30) 23.33%(7/30) 0.15
Mechanical intervention

Intubation 53.33%(16/30) 70%(21/30) 0.28

Tracheostomy 16.67%(5/30) 30%(9/30) 0.36
Isolation source

Sputum 86.67%(26/30) 76.67%(23/30) 0.38

Blood 10%(3/30) 10%(3/30) >0.99

Wounds 3.33%(1/30) 13.33%(4/30) 0.35

Urine 0%(0/30) 0%(0/30)
Acquired A. baumannii in hospital 100%(30/30) 100%(30/30) >0.99
Median(range) APACHE Il score 7.9 (2-20) 9.6 (1-24) 0.15
Median(range) Charlson score 1.75 (0-7) .11 (0-2) 0.24

Abbreviations: APACHE II, acute physiology and chronic health evaluation Il score; SD, standard deviation; ICU, intensive care unit.

no significantly statistical difference was observed (P=0.15).
Detailed information of all patients is provided in Table 2.

Antimicrobial Resistance Testing

Antibiotic susceptibility testing revealed that all the ana-
lyzed CRAB clinical strains, whether in the ICU or
respiratory department, were resistant to imipenem
(100%) and meropenem (100%), and all the analyzed
CRAB clinical strains were not resistant to colistin
(0%). Of all the CRAB clinical strains from the ICU
and respiratory department (n=30, respectively), all the
analyzed CRAB clinical strains from the respiratory
department were resistant to tigecycline (0%), seven iso-
lates were resistant to tigecycline from the ICU (23.3%),
and a statistically significant difference was observed
(P=0.03); seven isolates were resistant to cefoperazone/
sulbactam from the respiratory department (23.3%), 16
isolates were resistant to cefoperazone/sulbactam from
the ICU (53.3%), and a statistically significant difference
was detected (P=0.01). The resistance rate was in the
range of 43.3—70% for the other antimicrobials, including
amikacin,

piperacillin/tazobactam, gentamicin,

ceftazidime, and ciprofloxacin; there was no statistically
significant change between the ICU and respiratory
department. Overall, colistin was the most effective anti-
biotic to the CRAB isolates, whether from the ICU or
respiratory department. Antibiotic resistance and suscept-
ibility profiles of the CRAB clinical isolates are shown in
Table 3.

Detection of Genes Associated with

Carbapenem Resistance

The Modified Hodge test of 60 CRAB strains was positive.
Of the various drug resistance genotypes tested, all of
CRAB isolates from the ICU revealed that blaVIM-2,
blaIMP-4, blaNDM-1, blaOXA-23, ampC, and mutation
of CarO were present in 23.3% (7/30), 40% (12/30), 20%
(6/30), 80% (24/30), 16.7% (5/30) and 86.7% (26/30) of
the CRAB strains, respectively. Similarly, the CRAB iso-
lates from the respiratory department indicated that
blaVIM-2, blaIMP-4, blaNDM-1, blaOXA-23, ampC and
mutation of CarO were present in 0% (0/30), 10% (3/30),
0% (0/30), 56.7% (17/30), 13.3% (4/30) and 60% (18/30)
of the CRAB strains,

respectively. A statistically
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Table 3 Antimicrobial Resistance and Susceptibility Profiles of CRAB Clinical Isolates Obtained from Patients at Respiratory

Department and ICU

Antimicrobial All Isolates (n=60) P value*
MIC (pg/mL) Range of Breakpoint (Respiratory) Breakpoint (ICU)
Values Interpretations Interpretations
MIC;o | MICy, | Min | Max %R %l %S %R %l %S

Piperacillin/Tazobactam 4 64 <I >128 | 66.7(20) 0 33.3(10) 70(21) 0 30(9) 0.45
Cefoperazone/Sulbactam 4 64 <l >128 | 23.3(7) 10(3) 66.7(20) | 53.3(16) 0 46.7(14) 0.03
Imipenem 0.5 8 <0.03 | >32 100(30) 0 0 100(30) 0 0 >0.99
Tigecycline | 2 <0.06 | >16 0 0 100(30) 23.3(7) 0 76.7(23) 0.01
Colistin [ 2 <0.06 | >16 0 0 100(30) 0 0 100(30) >0.99
Gentamicin 2 8 <0.5 >32 | 46.7(14) 13.3(4) 40(12) 60(18) 10(3) 30(9) 0.25
Meropenem 0.5 8 <0.03 | >32 100(30) 0 0 100(30) 0 0 >0.99
Amikacin 4 16 <l >64 | 43.3(13) 13.3(4) | 43.4(13) | 53.3(16) | 13.3(4) | 33.7(10) 0.34
Ceftazidime 4 32 <025 | >32 | 53.3(l¢) 6.7(2) 40(12) 66.7(20) 10(3) 23.3(7) 0.19
Ciprofloxacin 0.25 4 <0.06 | >16 | 53.3(l6) 0 46.7(14) | 63.3(19) 0 36.7(11) 0.15

Notes: Breakpoint Interpretation: Amikacin S<|éug/mL, 1=32ng/mL, R264ug/mL, Ceftazidime S<8ug/mL, I=16pug/mL, R232pg/mL, Ciprofloxacin S<lug/mL, 1=2pg/mL,
R24pg/mL, Colistin S<2ug/mL, I=4pg/mL, R=28ug/mL, Gentamicin S<4ug/mL, 1=8ug/mL, R=16ug/mL, Meropenem S<2ug/mL, I=4pg/mL, R28ug/mL, Piperacillin/Tazobactam
S<16/4pg/mL, 1=32/4pg/mL, R2128/4pg/mL, Cefoperazone/Sulbactam S<16/4pg/mL, 1=32/4ug/mL, R2128/4pg/mL, Imipenem S<2pg/mL, I=4pg/mL, R28ug/mL, Tigecycline

S<2ug/mL, I=4ug/mL, R=8ug/mL. * represents result of comparison resistance rate between respiratory department and ICU.

Abbreviations: %S, susceptible; %I, intermediate; %R, %resistant.

Table 4 PCR Detection of Genes Associated with CRAB
Isolates in Respiratory Department and ICU

Abbreviation: carO, carbapenem-associated resistance OMP.

significant difference was observed in blaVIM-2, blaIMP-
4, blaNDM-1, and mutation of CarO between the respira-
tory department and the ICU (P=0.01, P=0.02, P=0.02,
P=0.04, respectively). These results are shown in Table
4, Figures 1-3.

Typing by PFGE

CRAB isolates were genotyped by PFGE. The results
showed that CRAB isolates could be divided into 10
clones (A-J). The 30 CRAB isolates in the respiratory
department were distributed in seven genotypes (A, C,
D, E, H, I and J), and the 30 CRAB isolates in the ICU
were distributed in seven genotypes (A, B, D, E, G,

H and I). The bacterial numbers of genotype I were the
most popular, accounting for 50% (30/60), includ-

Parameter Respiratory ICU(30) | P value ing 36.6% (11/30) from the respiratory department
Department(30) | % (n) and 63.3% (19/30) from the ICU, respectively.
% (n) However, a statistically significant difference was
Gene associated with observed in genotype I between the ICU and respira-
carbapenem resistance tory department (P=0.03). Among type I, the Is subtype
blaOXA-23 367 (17) 800 (24) | 0.09 is the most popular. These results are shown in
blaNDM- | 0 (0) 20 (6) 0.02 .
Figure 4.
blalMP-4 10 (3) 40 (12) | 0.02 . o
blaVIM-2 0 (0) 2337 |00l PFGE analysis of the CRAB strains isolated from the
Mutation of CarO 60 (18) 86.7 (26) | 0.04 respiratory department and the ICU revealed that there was
ampC 13.3 (4) 16.7 (5) | >0.99 no significant difference in the genotypes. In the same

homology analysis, the CRAB strains isolated from the
respiratory department and the ICU showed cross coinci-
dence distribution, and there was no obvious clumped
distribution.

Molecular Typing by MLST

We used MLST technology to genotype the CRAB clinical
isolates in the respiratory department and the ICU. The
results showed that there were 10 ST genotypes in the
respiratory department, among which the ST92 genotype
was the most popular, accounting for 33.3% (10/30). The
ST175 and ST298 genotypes accounted for 20.0% (6/30)
and 13.3% (4/30), respectively. There were four genotypes
in the ICU, among which the ST92 genotype was the most
popular, accounting for 63.3% (19/30). The genotypes

Infection and Drug Resistance 2021:14
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Figure | Detection of IMP genes of carbapenem-resistant Acinetobacter baumannii clinical isolates by PCR.
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Figure 2 Detection of VIM genes of carbapenem-resistant Acinetobacter baumannii clinical isolates by PCR.
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Figure 3 Detection of NDM genes of carbapenem-resistant Acinetobacter baumannii clinical isolates by PCR.
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Figure 4 Dendrogram displaying the genetic relatedness of 60 CRAB strains, based on pulse field gel electrophoresis results.

ST111 and ST244 accounted for 20.0% (6/30) and 10.0%
(3/30), respectively. However, a statistically significant
difference was observed in the most popular ST92 geno-
type between the respiratory department and the ICU
(P=0.03). These results are shown in Table 5.

Discussion

The CRAB is an urgent problem that needs to be solved.
From the Taiwan Nosocomial Infection Surveillance
System (2003-2012), the proportion of AB isolates resis-
tant to carbapenem increased from 17.2% to 72.8%.°!
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Table 5 The MLST Results of CRAB in Respiratory Department and ICU

Respiratory Department (n=30) ICU (n=30)

Type ST % (n) Number Type ST % (n) Number
ST92 333 (10) | 1,4,5,9,14,17,21,22,25,28 ST92 63.37 (19) | 31, 33,34,35,36,37, 39, 40, 44,45,47,48, 50, 51, 54, 55, 57, 59,60
STI75 20.0 (6) 2,7,11,16,23,27 STIII 20.0 (6) 12,32,38,46,53,58
ST298 13.3 (4) 8,41,24,26 ST244 10.0 (3) 13,49,56
ST773 6.7 (2) 42,30 ST357 6.7 (2) 43,52
STIII 6.7 (2) 3,15

ST316 6.7 (2) 18,19

ST639 33 () 6

ST991 33 () 29

ST2221 3.3 (1) 10

STI0I5 33 () 20

Note: >:<Rezpresents ICU VS respiratory department, P=0.03.

There are extremely limited antibiotics that can be
selected. In our study, colistin was found to be the most
effective antibiotic assessed. Some drug sensitivity results

3233 and these

are inconsistent with individual reports,
differences could be explained by the differences in the
habit, frequency, and region of the antibiotics use.
A reported study showed that invasive procedures, ICU
duration, recent surgery, and exposure to broad-spectrum
antibiotics are risk factors for colonization or infection by
CRAB.* The ICU has been seen as an epicenter of the
epidemiology of CRAB.* In our study, we detected some
major risk factors among inpatients, and medical interven-
tion seems to be a major risk factor. Moreover, the pre-
dominant clinical picture of CRAB infection among
patients was mostly respiratory. So far, some studies
reported clonal outbreaks of the CRAB isolates that were
related to environmental reservoirs>® to the extent that the
ICU settings had to be completely shut down to terminally
disinfect and control the epidemic.’>>’” However, the
departments in different hospitals have different circum-
stances, complicated situations and other unpredictable
factors, such as department design, hospital economy,
antibiotic =~ management  policy, and department
management.

The AB isolates developed resistance to carbapenem
by complex mechanisms. Carbapenemase is a key factor
responsible for CRAB infection. In our study, some com-
mon carbapenemases were detected in the CRAB strains,
including blaOXA-23, blaIMP, blaNDM, and blaVIM.

The findings from our study, carrying the blaOXA-23

gene, was the main cause of the CRAB resistance pheno-
type, which is in line with previous studies.*®* *° Recent
reports have demonstrated that the VIM type is widespread
in the Middle East region among CRAB.*' However,
blaOXA-23-like still remains the most prevalent all over
the world.*** The blaOXA-23-producing strains were
popular in the respiratory department and the ICU, and
blaOXA-23 can be inserted into plasmids and chromo-
somes. Our findings are similar to the reported
literature.** Similarly, this appearance made the control
of CRAB infection further complicated. However, the
spread of blaOXA-23 in the ICU should receive more
attention than the respiratory department. New Delhi
metallo-B-lactamase (NDM) was first identified in 2008
in India, and the NDM-producing CRAB isolate was first
reported in 2011 in China.*> Currently, 5laNDM has been
identified as having low spread.*® Of the antibiotics
detected, NDM-positive CRAB strains in our study were
identified that were extremely drug-resistant and only sen-
sitive to colistin and partial strains were susceptible to
tigecycline. A laboratory in Argentina demonstrated that
the outer membrane protein is encoded by the CarO gene,
and when there is an insertion mutation or any other
mutation, the CarO gene makes it off and thus the strain
becomes resistant to certain drugs.'” In our research, all
the CRAB isolates from the ICU revealed that mutation of
CarO was present in 86.7% (26/30), and 60% (18/30)
from the respiratory department, a statistically significant
observed. This is consistent with the

indicate that

difference was

reported literature.*” The above results

submit your manuscript

752

Dove

Infection and Drug Resistance 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Liu and Liu

the main mechanisms of CRAB between the ICU and the
respiratory department may be the cooperation of
blaOXA-23, blaIMP, and mutation of CarO.

PFGE analysis of CRAB strains isolated from the
respiratory department and the ICU revealed that there
was no significant difference in the classification. In the
same homology analysis, CRAB strains isolated from the
respiratory department and the ICU showed cross coinci-
dence distribution, and there was no obvious clumped
distribution. There was on the different floor and building
between respiratory department and ICU, which suggested
that the results of this molecular typing of CRAB strains
from the respiratory department and the ICU were repre-
sentative of the epidemic type of CRAB strains from the
respiratory department and ICU in our hospital.

MLST analyses indicated that ST92 was the most promi-
nent sequence type, which is completely concordant with
previous observations that ST92 was the dominant clone of
AB isolates in mainland China.*® Our findings showed that
although there are some advantages of CRAB strains in the
respiratory department, the resistant genotype diversity of the
CRAB strains still exists. However, it is the vast majority of
epidemic CRAB strains in the ICU that suggest there is
a high risk of an outbreak in the ICU; therefore, the ICU
setting should pay more attention to key monitoring and
infection control measures. Some of our results are similar
to the reported literature.****> Furthermore, the MLST analy-
sis still revealed that some epidemic clones of CRAB from
the ICU and respiratory department in this study were ST111
and ST175, which differed from the results obtained in other
regions in China.*’ These differences may be related to
regional differences, carbapenem management, regional dis-
eases, and infection control. These differences may also be
explained as there are some endemic clones that are restricted
to specific geographical regions. Our results indicated that
ICU was more inclined to clonal transmission, however,
respiratory department tended to be genetic diverse.

To our knowledge, the main advantage of our study
consists of the first report of the molecular mechanisms and
epidemiology profiles of CRAB from the respiratory depart-
ment and the ICU in northeastern China, which permits the
exact analysis differences between the respiratory depart-
ment and the ICU in our hospital. In addition, obtaining
a more effective solution for a better controlling incidence
of CRAB in our hospital, which means heterogeneous mea-
sures can be taken in different departments from one hospital.
However, there are a few limitations to our research. First,
the environmental strains were not further obtained from the

respiratory department and the ICU in our hospital; hence,
this present study is absent from the identification of strain
sources. This is also the direction of our next work. Second,
there was a lack of monitoring for all patients who were
recently admitted to the respiratory department and the
ICU. Consequently, it was difficult to distinguish all patients
between new infection cases obtaining CRAB in the respira-
tory department and the ICU and previously infected cases.
Ultimately, due to limited funds and experimental conditions,
some resistant genes associated with carbapenem-resistance,
such as efflux pumps, have not been detected, which leads to
the fact that we cannot understand the whole mechanism of
CRAB infection.

Conclusion

In conclusion, this is the first report of the molecular
mechanisms and epidemiology profiles of CRAB from
the respiratory department and the ICU in northeastern
China. Our findings suggest that there are partial differ-
ences in clinical characteristics, antimicrobial resistance
profiles, molecular epidemiology, and resistance mechan-
isms in CRAB isolates between the ICU and respiratory
department. The blaOXA-23-producing CRAB strains
were popular in the respiratory department and the ICU.
The MLST analysis revealed that the major epidemic clone
of CRAB from the ICU was ST92. The dissemination of
blaOXA-23-producing CRAB strains in the ICU should
receive more attention than in the respiratory department,
and an effective nosocomial infection control measure
should be urgently required in the ICU. The heterogeneous
control measures of CRAB infection can be taken in the
ICU and respiratory department from one hospital.
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