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Molecular eidemiology of carbapenem- D
resistant Enterobacter cloacae complexin a
tertiary hospital in Shandong, China
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Abstract

Background The increasing incidence and prevalence of carbapenem-resistant Enterobacter cloacae complex (CREC)
poses great challenges to infection prevention and disease treatment. However, much remains unknown about the
clinical characteristics of CREC isolates. Our objective was to characterize antimicrobial resistance and, carbapenemase
production in CREC with 36 CREC isolates collected from a tertiary hospital in Shandong, China.

Results Three types of carbapenemases (NDM, IMP and VIM) were detected in these isolates. Among them, NDM
carbapenemases were most prevalent, with a 61.2% (22/36) detection rate for NDM-1, 27.8% (10/36) for NDM-5 and
2.8% (1/36) for NDM-7. IMP-4 was found in two isolates and VIM-1 in only one isolate. The MLST analysis identified

12 different sequence types (STs), of which ST171 (27.8%) was the most prevalent, followed by ST418 (25.0%). ST171
isolates had significantly higher rates of resistance than other STs to gentamicin and tobramycin (Ps<0.05), and lower
rates of resistance to aztreonam than ST418 and other STs (Ps < 0.05). Among 17 carbapenemase-encoding genes,
the blaypy_s gene was more frequently detected in ST171 than in ST418 and other isolates (Ps < 0.05). In contrast, the
blaypy—; gene was more frequently seen in ST418 than in ST171 isolates. One novel ST (ST1965) was identified, which
carried the blaypy_; gene.

Conclusion NDM-5 produced by ST171 and NDM-1 carbapenemase produced by ST418 were the leading cause of
CREC in this hospital. This study enhances the understanding of CREC strains and helps improve infection control and
treatment in hospitals.
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Background

Enterobacter cloacae complex comprises several species,
including E. cloacae, E. asburiae, E. hormaechei, E. kobei,
E. ludwigii and E. nimipressuralis [1, 2]. As Gram-nega-
tive opportunistic pathogens, they can cause several dis-
eases such as minor infections of the skin, urinary tract
infections, pneumonia and bloodstream infections (BSI)
[2]. Due to the unreasonable use of antibiotics, multi-
drug-resistant E. cloacae complex isolates have emerged
and spread worldwide [3].

Carbapenems are regarded as the most effective anti-
biotics against many multidrug-resistant bacteria [4].
However, in recent years, carbapenem-resistant E. cloa-
cae complex (CREC) isolates have been increasingly
detected from clinical investigations, raising global public
health concerns [5]. The production of carbapenemases
was the most predominant mechanism associated with
carbapenem resistance for the E. cloacae complex. Car-
bapenemases are members of class A, class B and class D
B-lactamases [6, 7]. Among them, class A and class D car-
bapenemases are serine carbapenemases, including KPC,
IMI, SME, GES, OXA-23, OXA-24, OXA-48 and OXA-
58. Class B carbapenemases are metallo-p-lactamases
which mainly include NDM, IMP, VIM, AIM, DIM,
GIM and SPM [7]. In addition, some extended-spectrum
B-lactamases (ESBLs), such as CTX-M, TEM and SHYV,
also lead to resistance of E. cloacae complex isolates to
most B-lactam drugs, posing great challenges for clinical
treatment [8].

The multilocus sequence typing (MLST) method has
been widely utilized to trace CREC strains worldwide.
Previous molecular epidemiological studies have found
that the most abundant sequence types (STs) for CREC
isolates were ST510 in Cali, Colombia [9], ST74 in Spain
[10] and ST171 in the United States [11, 12]. In China,
ST418 was previously reported as the predominant ST in
Shenzhen [13], ST120 ST in Henan [14], ST190 in Wen-
zhou [15], ST93 in Liaoning [16] and ST544 in Ningxia
[17]. However, until now, scarce data on CREC isolates
have been available from Shandong, China.

In this study, we collected and characterized 36 CREC
strains over a time span of five years (2018-2022) at a ter-
tiary hospital in Shandong, China. Our work contributes
to the understanding of the epidemiology and carbape-
nem resistance of E. cloacae complex strains.

Methods

Bacterial isolates

A total of 36 nonrepetitive CREC isolates were obtained
from different departments (ICU, urinary surgery ward
and other wards) at the First Affiliated Hospital of Shan-
dong First Medical University (Shandong, China). These
samples were obtained from 2018 to 2022. All isolates
were identified using MALDI-TOF MS (Bruker) and
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further verified by PCR targeting 16 S rRNA [18]. PCR
products were sequenced by Tsingke BioTech Co., Ltd.,
followed by sequence alignment on the NCBI database.

Antimicrobial susceptibility test

To test susceptibility, all CREC isolates were exposed
to 16 antibiotics, including piperacillin/tazobactam,
cefazolin, cefotetan, ceftazidime, ceftriaxone, cefepime,
aztreonam, ertapenem, imipenem, amikacin, gentamicin,
tobramycin, ciprofloxacin, levofloxacin, nitrofurantoin,
and trimethoprim/sulfamethoxazole, by using a Vitek 2
compact system (bioMérieux, Marcy, France) with AST-
GN-13 cards. The results were evaluated according to
the Clinical and Laboratory Standards Institute (CLSI)
criteria.

mCIM test
To screen for suspected carbapenemase production in
the 36 CREC strains, the modified carbapenem inactiva-
tion method (mCIM) was performed based on the CLSI
guidelines.

Detection of resistance genes

The whole genomes of the 36 CREC strains were
extracted using the DNA nucleic acid extraction kit
(Tiangen, China). To detect resistance genes in CREC
strains, PCR assays were carried out using conventional
PCR amplification [9, 19-21]. The target resistance genes
included the carbapenemase gene (blaypy, blay g blanp
blaypc, blaspy, blayy, blaoxa o3 blaoxs_se blaoxa e
blagxa s blagyy, blapyy, blagc, blagyy, blagy, blayy,
and blagg) and the extended-spectrum [-lactamase
genes (blacrx_y» blagyy, and blargy,). Positive ampli-
cons were sequenced by Tsingke BioTech Co., Ltd. in
both directions. The sequences were analyzed against the
NCBI database by the Basic Local Alignment Search Tool
(BLAST).

Multilocus sequence typing (MLST)

MLST analyses were performed for all CREC isolates
as described previously (https://pubmlst.org/organ-
isms/enterobacter-cloacae/). The amplified fragments of
seven housekeeping genes (dnaA, fusA, gyrB, leuS, pyrG,
rplB, and rpoB) were sequenced in both directions. The
sequences were aligned with the reference sequence
from the MLST database. Newly identified STs were sub-
mitted to the MLST database curator for approval, and
new numbers were assigned. A minimum-spanning tree
using the allelic difference between isolates of the seven
housekeeping genes was constructed using BioNumerics
software.
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Statistical analysis

Statistical analyses were performed using SPSS Statistics
21.0 for Windows. A two-sided p value of less than 0.05
was considered statistically significant.

Results

Clinical and demographic characteristics of CREC isolates
The clinical characteristics of the 36 CREC isolates are
shown in Table 1. A total of 36 nonduplicate CREC iso-
lates were collected from 2018 to 2022. Among them, one
was collected in 2018, seven in 2019, three in 2020, 18 in
2021 and seven in 2022. The isolates were primarily from
urine (n=10, 27.8%), sputum (n=7, 19.4%) and blood
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(n=6, 16.7%) specimens. No more than three isolates
were found in each of other specimens. The isolates were
primarily collected from the ICU (n=16, 44.4%), followed
by the urinary surgery ward (n=4, 11.1%). No more than
three isolates were from each of the other hospital wards.

The demographic characteristics of the 36 CREC iso-
lates are shown in Table 1 and summarized in Table 2.
Briefly, 72.2% (26 of 36) of the infected patients were
male and the rest were female. 58.3% (21 of 36) of them
were older adults aged 60 years and over, 27.8% (10 of 36)
middle-aged adults aged 41-60 and 2.8% (1 of 36) teen-
agers younger aged 12-20.

Table 1 Microbiological and molecular characteristics of 36 CREC isolates

Isolate Year of Gender/Age Ward Specimen ST Carbapenemase ESBL
isolation (Years)
CRECO1 2018 M/48 Hepatobiliary surgery dr 1120 NDM-1 TEM
CREC02 2019 M/50 ICU sp 171 NDM-5 TEM
CRECO3 2019 M/51 Neurosurgery ca 171 NDM-5 TEM
CRECO4 2019 M/87 ICU bl 418 NDM-1 TEM
CRECO5 2019 F/27 Urinary surgery ps 336 NDM-1 TEM, CTX-M
CRECO06 2019 M/62 ICU sp 418 NDM-1 TEM
CRECO7 2019 F/81 ICU sp 25 NDM-1 TEM, CTX-M
CRECO08 2019 M/86 Respiratory medicine sp 418 NDM-1 TEM
CRECO09 2020 F/31 orthopedic se 97 IMP-4
CREC10 2020 M/36 Neurosurgery sp 1965 NDM-1 TEM
CRECT1 2020 F/67 Hepatobiliary surgery dr 97 IMP-4
CREC12 2021 F/81 ICU bl 564 VIM-1
CREC13 2021 M/65 Urinary surgery ur 231 NDM-1 TEM, CTX-M
CREC14 2021 F/82 ICU bl 171 NDM-5 TEM
CREC15 2021 F/61 Cardiovasology bl 113 NDM-1 TEM, CTX-M
CREC16 2021 Mm/e4 Cardiovasology bl 113 NDM-1 TEM, CTX-M
CREC17 2021 M/58 ICU sp 418 NDM-1 TEM
CREC18 2021 M/50 Neurosurgery bl 171 NDM-5 TEM
CREC19 2021 M/76 Hepatobiliary surgery pf 171 NDM-7 TEM
CREC20 2021 M/77 Urinary surgery ur 231 NDM-1
CREC21 2021 M/56 Gastroenterology ur 127 NDM-1
CREC22 2021 M/54 Gastroenterology ca 171 NDM-5 TEM
CREC23 2021 M/60 ICU ur 171 NDM-5 TEM
CREC24 2021 M/57 orthopedic se 171 NDM-1 TEM, CTX-M
CREC25 2021 M/79 ICU pf 418 NDM-1 TEM
CREC26 2021 M/77 Urinary surgery ur 231 NDM-1 TEM, CTX-M
CREC27 2021 M/77 Nephrology ur 127 NDM-1 TEM
CREC28 2021 M/61 ICU se 418 NDM-1 TEM
CREC29 2021 M/56 ICU ts 418 NDM-1 TEM
CREC30 2022 M/4 Hematology sp 316 NDM-1
CREC31 2022 F/83 ICU ts 231 NDM-5
CREC32 2022 F/38 General Practice ur 171 NDM-5 TEM
CREC33 2022 M/81 ICU ca 418 NDM-1 TEM
CREC34 2022 M/61 ICU ur 418 NDM-1
CREC35 2022 M/79 ICU ur 231 NDM-5
CREC36 2022 F/59 ICU ur 171 NDM-5 TEM

CREC: carbapenem-resistant Enterobacter cloacae complex, M: Male; F: Female; ICU: Intensive Care Unit; bl: blood; ca.: catheter; dr: drainage; pf: peritoneal fluid; ps:

preservation solution; se: secretion; sp: sputum; ts: throat swab; ur: urine
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Table 2 Demographic characteristics corresponding of 36 CREC

isolates
Characteristic n (%)

Age Teenagers (12-20 years) 1(2.8%)
Young adult (21-40 years) 4 (11.1%)
Middle adult (41-60 years) 10 (27.8%)
Elderly (> 60 years) 21 (58.3%)

Gender Male 26(72.2%)
Female 10 (27.8%)

Antibiotic susceptibility

The antimicrobial susceptibility profiles of 36 CREC
strains are shown in Table 3 and Additional file 1. In gen-
eral, all CREC isolates were resistant to cefzolin, ceftetam,
ceftazidime, ceftriaxone ertapenem and imipenem. Most
isolates (over 86.1%) were also resistant to piperacillin/
tazobactam, cefepime, ciprofloxacin and trimethoprim/
sulfamethoxazole. In addition, 72.2% of the isolates were
resistant to levofloxacin, 52.8% isolates resistant to aztre-
onam and gentamicin, and 41.7% to macrodantin. In con-
trast, the resistance rates for tobramycin and amikacin
were only 22.2% and 2.8%, respectively.

Distribution of carbapenemase- and ESBL-encoding genes
All 36 CREC strains showed positive phenotypes
as detected by the modified carbapenem inacti-
vation method (mCIM) indicating that they were

Table 3 Resistance rates for ST171 and ST418 isolates
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carbapenemase producers. All of them harbored car-
bapenemase-encoding genes. Three types of carbapen-
emases (NDM, IMP and VIM) were detected in these
isolates. Among them, the blaypy gene was the most
prevalent carbapenemase-encoding gene, with a 61.2%
(22/36) detection rate for the blaypy_; gene, 27.8%
(10/36) for the blaypy_s gene and 2.8% (1/36) for the
blaypy—; gene. The blayp gene was only found in only
two isolates (5.6%), and both were bla;;p_,. In addition,
we found the blay;_, gene in only one isolate (2.8%).
None of these isolates had two or more carbapenemase-
encoding genes, and none of them had other carbapene-
mase-encoding genes tested in this study.

Twenty of the 36 CREC isolates harbored the extended-
spectrum [-lactamase (ESBL) genes. Among them, the
blargy gene was the most prevalent, with a 52.8% (19/36)
detection rate, followed by the blacry_y; gene in seven
isolates (19.4%). None of them harbored blagy,, gene.

MLST profile

The MLST analysis revealed a total of 12 different STs,
including 11 existing STs and one novel ST identified in
this study. The new ST was submitted for ST assignment,
which was ST1965. The profiles of the newly identified
STs are listed in Table 4. In the alignment of the MLST
sequence, a novel sequence was found in pyrG, which
was designated as pyrG-461. Moreover, 83.3% (30/36)
of the isolates were represented by six main STs (hav-
ing>2 isolates. The most prevalent ST was ST171, which
accounted for 27.8% (10/36) of the isolates, followed by

Antimicrobial Resistance rate (%) Resistance rate (%)

Overall ST171 Other P-value ST171 ST418 P-value

STs

n=36 n=10 n=26 n=10 n=9
Piperacillin/tazobactam 94.4% 100.0% 92.3% 1.000 100.0% 100.0% -
Cefazolin 100.0% 100.0% 100.0% - 100.0% 100.0% -
Cefotetan 100.0% 100.0% 100.0% 100.0% 100.0% -
Ceftazidime 100.0% 100.0% 100.0% - 100.0% 100.0% -
Ceftriaxone 100.0% 100.0% 100.0% - 100.0% 100.0% -
Ertapenem 100.0% 100.0% 100.0% 100.0% 100.0% -
Imipenem 100.0% 100.0% 100.0% - 100.0% 100.0% -
Cefepime 88.9% 100.0% 84.6% 0.559 100.0% 100.0% -
Ciprofloxacin 88.9% 100.0% 84.6% 0.559 100.0% 100.0% -
Trimethoprim/ 86.1% 100.0% 80.8% 0.293 100.0% 88.9% 0474
sulfamethoxazole
Levofloxacin 72.2% 80.0% 69.2% 0.689 80.0% 100.0% 0474
Aztreonam 52.8% 20.0% 65.4% 0.025 20.0% 100.0% 0.001
Gentamicin 52.8% 90.0% 38.5% 0.008 90.0% 77.8% 0.582
Nitrofurantoin 41.7% 30.0% 46.2% 0.468 30.0% 55.6% 0.370
Tobramycin 22.2% 60.0% 7.7% 0.002 60.0% 22.2% 0.170
Amikacin 2.8% 10.0% 0.0% 0.278 10.0% 0.0% 1.000
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Table 4 Allelic profiles of the new ST found in this study
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ST dnaA fusA gyrB

leus pyrG rplB rpoB

ST-1965 46 20 20

96 461 29 54

Fig. 1 MLST population analysis over the different years. (A) STs in all 36 isolates. (B) STs distribution in 2019. (C) STs distribution in 2020. (D) STs distribu-

tion in 2021. (E) STs distribution in 2022

Table 5 Prevalence of carbapenem resistance genes among ST171 and ST418 isolates

gene distributing in distributing in
ST171(n=10) ST418(n=9) P-value ST171(n=10) Other STs(n=26) P-value
n (%) n (%) n (%) n (%)
blaypm-1 1(10.0%) 9(100.0%) 0.000 1(10.0%) 21(80.8%) 0.000
blayom-s 8(80.0%) 0(0.0%) 0.001 8(80.0%) 2(7.7%) 0.000
blayom-7 1(10.0%) 0(0.0%) 1.000 1(10.0%) 0(0.0%) 0.278
blaye_s 0(0.0%) 0(0.0%) 0(0.0%) 2(7.7%) 1.000
blayy,, 0(0.0%) 0(0.0%) 0(0.0%) 1(3.8%) 1.000

ST418 accounting for 25.0% (9/36) (Fig. 1 and Additional
file 2).

ST171 and ST418 were the most predominant STs
found in 2019, 2021 and 2022; however, in 2020 these two
STs were not detected and the dominant ST was ST97.
In addition, both ST97 isolates harbored the blayp_,
gene, with the detection rate higher than that of the other
STs (P<0.05) (Table 5). For other minor STs, the distri-
butions varied across years, with some STs diminishing
or switching to another minor ST (Fig. 1). For instance,
ST231 isolates were not observed in 2019 and 2020.
However, in 2021, the proportion of this ST increased to
22.2% in 2021 and 28.6% in 2022.

One clonal complex (CC) and 10 singletons were iden-
tified, which suggested high genetic diversity. CC231
(accounting for six isolates) was the only CC that con-
tained ST231 and the new ST1965 (Table 4). In addition,

the other 10 individual STs were all singletons which
accounted for 30 isolates. The detailed MLST profiles are
presented in Additional file 2.

Comparisons of resistance and carbapenemase-encoding
genes between ST171 and ST418

As described in Tables 3 and 90% and 60% of ST171
isolates were resistant to gentamicin and tobramycin,
respectively, which was significantly higher than other
STs isolates (P <0.05). In contrast, only 20% of ST171 iso-
lates were resistant to aztreonam which was significantly
lower than ST418 and other STs isolates (both P<0.05).
No significant differences were found in the resistance to
other antibiotics between ST171 and ST418 isolates or
between ST171 and other STs. Among the 17 carbapen-
emase-encoding genes tested in this study, 80% ST171 (8
of 10) isolates harbored blaypy_s gene which was more
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frequent than ST418 isolates (0%, P <0.05) as well as the
other STs (7.7%, P<0.05). In contrast, all ST418 isolates
and 80.8% of the other ST isolates were positive for the
blaypy-: gene. The detection rates were significantly
higher than those of the ST171 isolates (0%, P <0.05). No
significant differences were found in the positive rates for
the remaining carbapenemase-encoding genes between
these two types of strains (Table 5).

Discussion
CREC isolates have been discovered in many countries
and thus become a global health threat [13, 22-24].
Herein, we characterized the epidemiology and carbape-
nem resistance mechanisms of 36 CREC strains in a ter-
tiary hospital in Shandong, China from 2018 to 2022.
Resistance to carbapenems is associated with several
mechanisms. Among them, carbapenemase produc-
tion is the main drug resistance mechanism. Carbapen-
emases belong to three classes of -lactamases: Ambler
class A, B, and D -lactamases [25]. Class B -lactamases
are metallo B-lactamases (MBLs). As they can catalyze
the hydrolysis of nearly all available -lactam antibiotics,
MBL-type carbapenemases present obstacles for clinical
treatments [26]. New Delhi metallo-B-lactamase (NDM),
IMP and VIM are three important acquired MBLs [27,
28]. Among them, NDM is encoded by the blay,, gene
and was first detected in Klebsiella pneumoniae in 2008
in India [29]. Although the production of Klebsiella
pneumoniae carbapenemase (KPC) producing Entero-
bacteriaceae is widespread globally [30] and this mech-
anism also accounts for the majority of CREC isolates
in the United States [11, 12] and Colombia [9], none of
the CREC isolates tested in our study harbored the KPC
gene. In contrast, 91.7% (33/36) of these CREC isolates
carried the blaypy gene in the present study, which sug-
gested that the blayp,, gene was the predominant mech-
anism of carbapenem resistance. The detection rate was
higher than that in the investigation by Jin’s group, who
detected the resistance determinants of 55 CREC strains
isolated from 11 Chinese cities and found that 36 of them
were blaypy positive [13]. This gene was also frequently
detected in other cities in China. For example, the preva-
lence of blayny was 72.7% (8 of 11) in Henan [14], 50%
in Shenyang (9 of 18) [16], 16.7% in Ningxia (2 of 12)
[17] and 17.7% in Wenzhou (20 of 113) [15]. Besides, in
this study, all NDM-producing strains were resistant to
piperacillin/tazobactam, cefzolin, ceftetam, ceftazidime,
ceftriaxone ertapenem and imipenem. The non-sensitive
rates to cefepime, ciprofloxacin and trimethoprim/sulfa-
methoxazole, levofloxacin, gentamicin and macrodantin
were also higher than 69.7%. In contrast, 97.0% of NDM-
producing strains showed amikacin sensitive phenotype
indicating that amikacin would be a therapeutic agent to
control NDM-producing E. cloacae complex infections.
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IMP-type carbapenemases have been reported glob-
ally [6, 31] and have become the most predominant form
in Australia [24, 32, 33]. IMP-4 carbapenemases are the
most predominant IMP subtypes in the world [33, 34]. In
the present study, IMP-type carbapenemase was found
to be the second most common carbapenemase (5.6%, 2
of 36). Besides, both IMP-type carbapenemases in this
study were identified as IMP-4, which was consistent
with the worldwide distribution. VIM-producing CREC
are mainly detected in Spain and some other European
countries [35]. However, in the present study, we only
identified one VIM-1 carbapenemase-producing strain.
This result was similar to some other studies in China,
which also showed that the detection rate of the VIM
gene in Enterobacteriaceae is very low in China [36].

A total of 12 STs were found in this study. Among
them, ST171 was the dominant ST accounting for 27.8%
of the strains, followed by ST418 accounting for 25.0%.
Although ST171 was rare in global surveys [3, 5, 37, 38],
it has been identified as a major ST among all CREC iso-
lates with epidemic potential in the United States [5, 12,
39]. Previous studies also indicated that ST171 CREC
isolates were primarily associated with blaypc 5, fol-
lowed by blaypc_, and blaypc_, [11]. In the present study,
we also observed that ST171 was the most abundant ST
among all CREC isolates, which was surprisingly dif-
ferent from other regions of China but consistent with
the United States. Notably, unlike the major epidemic
strain ST171 in the United States, which primarily pro-
duces KPC carbapenemases, all the ST171 isolates in this
study were NDM-producing strains. Considering the
local transmission and clonal expansion of ST171 in the
United States, close attention should be paid to prevent
the spread of high-risk clones. Interestingly, in this study,
we also found that 80.0% of the ST171 (8 of 10) isolates
harbored the blaypy_5 gene, whereas most (80.8%) of the
remaining isolates were blayp,,_; positive bacteria and
only two (7.7%) of them contained the blaypy_s gene
which suggested that ST171 isolates may tend to acquire
NDM-5 carbapenem resistance determinants. However,
further investigation is required to explore the reason of
the high correlation between the ST171 sequence type
and blaypy_s gene.

ST418 isolates have emerged in several cities of China,
such as Nanjing, Shanghai, Shenzhen and Guangdong
[13, 40-42]. In Shenzhen and Guangdong, this ST served
as the most common genotype [13, 42]. Besides, previ-
ous studies also found that ST418 was the main epidemic
type of NDM-1-producing CREC isolates in these cit-
ies of China [13]. In the present study, ST418 was found
in 25% of the CREC isolates and was the second most
abundant ST among all CREC isolates. Moreover, unlike
ST171 isolates, which tend to harbor the blaypy_5 gene,
all isolates were positive for the blaypy_; gene. These
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results were consistent with previous studies of these cit-
ies in China [13].

We also observed one new ST (ST1965) in this study,
and it was classified into CC231, which suggested that E.
cloacae complex isolates were diverse and still in clonal
expansion. Besides, we found that this new ST isolate
harbored the blayp,;_; gene. To our knowledge, this is
the first report in the world of ST1965 carbapenem-resis-
tant E. cloacae complex isolate carrying the blaypy_;
gene. Although this new ST was in the minority, the iso-
late within it may give rise to future disease outbreaks;
therefore, close attention should be paid to this new
ST to identify and further limit both transmission and
outbreaks.

Conclusions

In our study, we characterized the molecular epidemiol-
ogy and carbapenem-resistance mechanisms of E. cloa-
cae complex strains in a tertiary hospital in Shandong,
China. NDM-5 carbapenemase produced by ST171 and
NDM-1 carbapenemase produced by ST418 were the
leading cause for the carbapenem resistance of E. cloacae
complex strains in this hospital. One novel ST (ST1965)
was detected, and this new ST isolate carried the
blaypy—; gene. This study contributes to a better under-
standing of CREC strains and improves infection control
and treatment in hospitals.

Abbreviations
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