Infection and Drug Resistance

Dove

ORIGINAL RESEARCH

High Expression of Metallo--Lactamase Contributed
to the Resistance to Carbapenem in Clinical Isolates
of Pseudomonas aeruginosa from Baotou, China

Yanfeng Xu'*
Haiying Niu'*
Tongping Hu?
Lixia Zhang?
Shanna Su'
Huijie He'
Huimin Wang'

Dong Zhang '

'Department of Pulmonary Medicine,
The First Affiliated Hospital of Baotou
Medical College, Baotou, People’s
Republic of China; 2Department of
Clinical Laboratory, The First Affiliated
Hospital of Baotou Medical College,
Baotou, People’s Republic of China

*These authors contributed equally to
this work

Correspondence: Dong Zhang
Department of Pulmonary Medicine, The
First Affiliated Hospital of Baotou Medical
College, Baotou, People’s Republic of
China

Email zhangdonggh@|63.com

This article was published in the following Dove Press journal:
Infection and Drug Resistance

Background: Bacterial resistance to antibiotics has become a major public health concern.
This study aimed to determine the resistance mechanisms to carbapenem in clinical isolates
of Pseudomonas aeruginosa.

Methods: A total of 62 clinical isolates of carbapenem-resistant P. aeruginosa (CRPA) were
collected from 2015 to 2017. Imipenem (IPM)-EDTA disk synergy test was used to screen
strains that produced metallo-f-lactamase. In addition, the genes for outer membrane protein
OprD2, metallo-p-lactamase and mexR gene were amplified and sequenced. Expression of
mexA was detected by real-time PCR.

Results: Disk synergy test showed that 51.6% (32/62) of the strains were positive for metallo-B-
lactamase. PCR showed that 84.4% of the strains were SIM-positive (27/32), 15.6% of the strains
were IMP-positive (5/32), and 12.5% of the strains were VIM-positive (4/32). SPM-positive and
GIM-positive strains were not detected. In addition, 5 of the 62 strains had small deletions and/or
point mutations in OprD2. Three strains had a high expression of mexA, while eight strains were
positive for the regulatory gene mexR with no mutations detected by DNA sequencing.
Conclusion: Expression of metallo-B-lactamase is the main resistance mechanism of
P. aeruginosa to carbapenem. Mutations in OprD2 and/or the overexpression of efflux
pump MexAB-OprM may contribute to P. aeruginosa resistance to carbapenem.
Keywords: Pseudomonas aeruginosa, carbapenem, metallo-p-lactamase, outer membrane
protein OprD2, efflux pump MexAB-OprM

Introduction

Bacterial resistance has attracted worldwide attention. ESKAPE bacteria as defined
by the American Society of Infectious Diseases indicate a class of bacteria includ-
ing Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species,
which can evade antimicrobial activity and are highly resistant to antibiotics.'

P aeruginosa is a common gram-negative bacterium and is a conditional
pathogen that causes severe nosocomial-acquired infections. Carbapenem-resistant
Pseudomonas isolates have been occasionally reported in severely ill or immuno-
compromised patients. The majority of P. aeruginosa infections have been observed
in neurosurgery intensive care units (NICU) and respiratory medicine departments.”
P. aeruginosa is often isolated from bronchiectasis or cystic fibrosis (CF) patients.

Carbapenem is a type of B-lactam antibiotic with a broad antimicrobial spectrum
and strong antimicrobial activity and is widely used for the treatment of P. aeruginosa
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infections. However, due to antibiotic overuse, carbapenem-
resistant P. aeruginosa (CRPA) strains emerge and cause
severe and fatal infections and increased cost of therapy.
An epidemiological report showed that South America,
Russia and South-West Asia are the areas with the highest
incidences of CRPA infections. In Russia, the resistance to
carbapenem antibiotics is as high as 75.3%.> Therefore, it is
urgent to elucidate the mechanism of resistance to carbape-
nem in order to develop therapeutics to combat drug resis-
tance strains.

Resistance to carbapenem in P, aeruginosa strains is often
induced by the production of metallo-B-lactamases (MBLs),
loss of the outer membrane protein OprD2 or the overexpres-
sion of efflux pumps, particularly MexAB-OprM. The major-
ity of MBLs-encoding genes are located in plasmids and are
spread to other strains, ultimately leading to antibiotic resis-
tance. Various types of MBLs such as IMP, VIM, GIM, SPM,
SIM, NDM-1, FIM-1 and HMB-1 have been reported in
P aeruginosa. MBLs can hydrolyze the majority of B-lactam
antibiotics. Metallo-beta-lactamase-producing P. aeruginosa
(MPPA) is resistant to a variety of antibiotics and causes
serious nosocomial infection outbreaks.*

OprD2 is an outer membrane pore protein that plays
a major role in antibiotic permeability in P. aeruginosa.
Imipenem (IPM) binds to a specific site on OprD2. Several
studies have demonstrated that absence or low expression
of OprD2 affected the permeability of P. aeruginosa to
carbapenem, thereby reducing the minimum inhibitory
concentration of carbapenem. Moreover, the insertion of
OprD2 sequence (IS) elements can lead to the inactivation
of OprD2 gene.’ In addition, the overexpression of efflux
pumps is closely associated with the resistance of
P. aeruginosa to carbapenems.®® The multi-drug efflux
pump MexAB-OprM was the first efflux pump discovered
in P. aeruginosa, composed of three-component membrane
fusion protein MexA, transporter MexB and outer mem-
brane protein OprM.” It was reported that MexAB-OprM
genes were overexpressed in 62% of CRPA strains.'® On
the other hand, mexR, nalD and nalC negatively regulate
the expression of MexAB-OprM efflux pump, and muta-
tions in these genes can lead to increased expression of
MexAB-OprM.

In this study, we aimed to determine the resistance
mechanisms to carbapenem in clinical isolates of
P aeruginosa. First, phenotypic assay for MBLs was
performed using the imipenem (IPM)-EDTA disk method.
Next, blaIMP, blaVIM, blaSIM, blaGIM and blaSPM
genes were amplified by PCR. PABN (MC207110), an

efflux pump inhibitor, was used to screen the phenotypes
of efflux pumps. The relative expression of mexA and
MexAB-OprM was detected by real-time PCR. Mutations
in mexR were detected by sequencing after PCR
amplification.

Materials and Methods

Bacterial Isolates

This study was approved by the Ethics Committee of the
First Affiliated Hospital of Baotou Medical College and
carried out in accordance with the principles of the
Declaration of Helsinki. All patients provided written
informed consent for their data to be used in the study
and their data kept confidential. A total of 62 non-
duplicate carbapenem-resistant clinical isolates of
P aeruginosa were collected from January 2015 to
December 2017. Isolates were obtained from different
clinical specimens, including sputum, urine, and wounds,
from patients admitted to respiratory, neurology, and neu-
rosurgery department of the First Affiliated Hospital of
Baotou Medical College. P. aeruginosa ATCC27853 strain

was used as positive quality control.

Antibiotic Susceptibility Tests

Antibiotic sensitivity of the isolates was examined by
Kirby Bauer’s Method. Antibiotics used in this study
were as follows: ceftazidime (30 pg) (CAZ), amikacin
(30 pg) (AMK), piperacillin/tazobactam (100/10 ug)
(TZP), gentamicin (10 pg) (GEN), imipenem (10 ng)
(IPM), cefepime (30 pg) (FEP), meropenem (10 pg)
(MEM), ciprofloxacin (5 pg) (CIP), tobramycin (10 ug)
(TOB), piperacillin (100 pg) (PIP) and levofloxacin (5ug)
(LVX). All antibiotic disks were purchased from OXOID
(UK). Results were interpreted based on the 2013 CLSI
guidelines.

IPM-EDTA Disk Method

Experimental strains were diluted to 0.5 M bacterial sus-
pension using sterilized saline water and then evenly
coated onto Miiller-Hinton (M-H) agar plates (OXOID,
UK). Two 10 pg IPM drug sensitivity test papers
(OXOID, UK) were pasted. One of the test papers had
10 uL EDTA at a concentration of 0.5 mmol/l (pH 8.0).
The M-H plates with pasted drug sensitivity test papers
were incubated at 35°C for 18 h. Next, the diameter of the
inhibition zone of IPM drug sensitivity test paper with
EDTA was compared to that with IPM.
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PCR Amplification of Genes for MBLs and
OprD2

DNA was extracted using the DNA extraction kit (Tiangen,
Beijing, China) according to the manufacturer’s instructions.
The primers are shown in Table 1. The PCR mixture con-
sisted of 1 uL of each primer, 12.5 pL. 2xTap PCR Master
Mix, 1 uL of DNA template and 9.5 ul double-distilled water
(total volume of 25 pL). The cycling conditions were as
follows: initial denaturation at 94°C for 5 min followed by
30 cycles of denaturation at 94°C for 60 sec, annealing at
53-60°C (45 sec), extension at 72°C (1 min) and a final
extension at 72°C for 7 min. PCR products were electrophor-
esed on a 2.0% agarose gel. PCR bands were imaged under
an ultraviolet transilluminator.

Phenotypic Detection of Efflux Pump
Activity

Efflux pump activity of the strains was phenotypically
detected using meropenem (MEM, 10 ug) with or without
PapN (MC207110). Minimum inhibitory concentration
(MIC) assay was performed using meropenem alone or
in combination with PaN at 20 mg/l. An efflux pump
overexpressed phenotype was defined as any strain exhi-
biting at least a four-fold decrease in MIC when tested in
the presence of PABN.

Real-Time PCR
Total RNA was extracted using the RNA extraction kit
(Tiangen, Beijing, China), and cDNA was synthesized

Table | Primers Used in This Study

according to the manufacturer’s instructions (Tiangen,
Beijing, China). Real-time PCR was used to determine the
expression level of mexA using the SYBR green PCR
master mix, primers and template cDNA. Relative expres-
sion levels of mexA were calculated using the 2 24T
method and normalized to rpsL gene which was used as
an internal control. The standard P. aeruginosa ATCC27853

strain was used as control.

Sequencing of mexR Gene

PCR was performed for all isolates identified as MexAB-
OprM overproducing strains. DNA was extracted using the
DNA extraction kit (Tiangen). Primers for mexR were
F-ACCAATGAACTACCCCGTGA and R-AATGTTCTTAA
ATATCCTCAA. PCR was performed with the following con-
ditions: denaturation at 94°C for 5 min followed by 30 cycles
of denaturation at 94°C for 60 sec, annealing at 58°C (45 sec),
extension at 72°C (1 min) and a final extension at 72°C for 7
min. PCR products were electrophoresed on a 2.0% agarose
gel, then imaged using an ultraviolet transilluminator. The
purified PCR products were then sequenced and analyzed
using the Basic Local Alignment Search Tool (BLAST) online
program from the National Center for Biotechnology
Information.

Statistical Analysis

Data were analyzed using SPSS 21.0 statistical software for
Windows. Differences between proportions were analyzed
using the 2 test. p < 0.05 was considered significantly
different.

Gene Primer Sequence (5'—3’) Amplicon Size (bp) Annealing Temperature (°C)

SIM F- TACAAGGGATTCGGCATCG 741 60
R-TAATGGCCTGTTCCCATGTG

IMP F-GAAGGCGTTTATGTTCATAC 587 53
R-GTATGTTTCAAGAGTGATGC

GIM F- CCTGTAGCGTTGCCAGCTTTA 562 55
R- CAGCCCAAGAGCTAATTGAGG

VIM F-GTTTGGTCGCATATCGCAAC 382 55
R-AATGCGCAGCACCAGGATAG

SPM F- CTGCTTGGATTCATGGGCGC 784 55
R- CCTTTTCCGCGACCTTGATCG

OprD2 F-CGCCGACAAGAAGAACTAGC 1332 55
R-GTCGATTACAGGATCGACAG
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Results
Basic Information and Drug Resistance

Patterns of the Isolates

A total of 62 isolates of CRPA were collected from differ-
ent clinical specimens including sputum (52 isolates;
83.9%), urine (2 isolates; 3.2%), wounds (5 isolates;
8.1%), and drainage (3 isolates; 4.8%) (Table 2). The
isolates were obtained from patients admitted to different
departments as shown in Table 3.

Antimicrobial tests showed high resistance to carbape-
nem of the isolates obtained at different time periods. The
resistance rate for imipenem was 15.4%, 26.7% and 13.8%
in 2015, 2016 and 2017, respectively, and the resistance
rate for meropenem was 11.5%, 23.1% and 10.3% in 2015,
2016 and 2017, respectively. The resistance rates for imi-
penem and meropenem in 2016 were significantly higher
than in 2015 and 2017 (p < 0.05). In addition, the resis-
tance rates for amikacin and tobramycin were very low for
all 3 years (Table 4, Figure 1).

We found that 29 isolates (46.8%) had multiple drug
resistance (MDR) patterns. Among them, four strains were
resistant to three antibiotics concurrently, 9 strains were
resistant to four antibiotics concurrently, three strains

were resistant to five antibiotics concurrently, six strains

Table 2 Distribution of CRPA Isolates in Clinical Specimens

Sources of Specimen Strains Ratio (%)
Sputum 52 83.9
Wound 5 8.1
Drainage 3 4.8

Urine 2 3.2

Total 62 100

Table 3 Distribution of CRPA Isolates from Various Clinical
Departments

were resistant to six antibiotics concurrently, and four
strains were resistant to seven antibiotics concurrently.

Detection of Drug Resistance Related

Genes in the Isolates

Among 62 isolates of CRPA, 32 (51.6%) isolates were iden-
tified to produce MBL. Bla SIM (27 strains, 84.4%) was the
most common, followed by bla IMP (5 strains, 15.6%) and
bla VIM (4 strains, 12.5%). SPM-positive and GIM-positive
strains were not detected. Two strains were positive for IMP,
VIM and SIM simultaneously. IPM-EDTA disk synergy
assay showed the production of MBLs in clinical isolates
(Figure 2). PCR analysis of blaIMP, blaVIM, blaSIM,
blaSPM and blaGIM is shown in Figure 3.

OprD2 gene from five CRPA strains was amplified
(Figure 4A), and DNA sequencing showed partial dele-
tions or point mutations at multiple locations in this gene
(Figure 4B).

A sharp reduction in MIC was observed in eight iso-
lates when MC207110 was added, indicating that these
eight CRPA isolates had efflux pump activity against mer-
openem. qRT-PCR showed that three strains among them
had significantly higher mexA expression compared to
other five strains (Figure 5A), but we did not find muta-
tions in mexR from both clinical isolates or the control
standard strain.

Discussion
P aeruginosa is a common pathogen during clinical infec-
tions. A survey showed that P. aeruginosa was the most
common pathogen (17%) for nosocomial-acquired pneu-
monia (HAP) infection in hospitals.'’ Data from South
Africa from 2011 to 2015 demonstrated that the clinical
isolation rate for PA was 17.4%, lower than that of
Staphylococcus aureus (38%) and Klebsiella pneumoniae
(22.2%)."? In our study, the detection rate for PA was 15%
in 2015, second only to E. coli (26%). The emergence of
CRPA makes it very difficult to treat infectious diseases
and limits the choice of appropriate antibiotic therapy.
The production of metallo-beta-lactamase is the most
common mechanism of antibiotic resistance. In this study,
we used IPM-EDTA disk assay and identified 32 MBLs-
positive strains. The positive rate was 51.6%, higher than
the rate of 21.8% and 37.5% reported in other studies.'® In
the present study, there were five IMP-positive strains
(15.5%) and four VIM-positive strains (12.5%), similar
to the results reported previously.'*'> However, 27 strains

Department Strains Ratio (%)
Respiratory 22 35.6
Neurosurgery 13 21.0
Neurology 6 9.7
Orthopaedics 3 4.8
General surgery 3 4.8
Intensive care unit 3 4.8
Health Centers 3 4.8
Urology 2 32
Others 7 1.3
Total 62 100
38 submit your manuscript
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Table 4 Drug Resistance Rates of P. aeruginosa Isolates from 2015 to 2017 (%)
Antimicrobial Agents 2015 (n=143) 2016 (n=105) 2017 (n=95)
Imipenem (IPM) (MIC: 8 ug/mL) 15.4* 26.7 13.8%
Meropenem (MEM) (MIC: 8 pg/mL) I1.5% 23.1 10.3*
Piperacillin (PIP) (MIC: 128 pg/mL) 12.7 20.4 1.5
Ciprofloxacin (CIP) (MIC: 4 pg/mL) 7.1 10.8 5.3
Levofloxacin (LVX) (MIC: 8 pg/mL) 9.9 5.9 5.3
Gentamicin (GEN) (MIC: 16 pg/mL) 9.2 7.8 7.7
Ceftazidime (CAZ) (MIC: 32 pg/mL) 10.2 19.0 14.8
Piperacillin/Tazobactam (TZP) (MIC: 128 pg/mL) 9.9 12.5 8.6
Cefepime (FEP) (MIC: 32 pg/mL) 77 15.2 14.9
Tobramycin (TOB) (MIC: 4 ug/mL) 4.6 4.8 3.3
Amikacin (AMK) (MIC: 64 pg/mL) 2.8 5.8 33

Notes: Differences between proportions were analyzed using the 2 test. *p<0.05 compared to resistance rates in 2016.

were SIM-positive (84.4%), which was the most prevalent that MBL is one of the mechanisms by which

MBL gene in our study. This result is inconsistent with
previous studies, maybe due to the difference in antibiotic
usage in different areas. Collectively, these results suggest

P. aeruginosa acquires resistance to carbapenem, and bla
SIM is the most prevalent gene that encodes MBLs in the
strains isolated in our area.
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Figure | Drug resistance rates of P. aeruginosa isolates from 2015 to 2017.
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Figure 2 IPM-EDTA disk synergy assay for P. aeruginosa standard strain ATCC27853 (left) and P. aeruginosa clinical strain MBL (+) (right). The arrows indicated test papers

loaded with IPM or IPM+EDTA, respectively.

12345

500bp

741bp

1 2 3

Figure 3 Electrophoresis of PCR products of blaIMP, blaVIM, and blaSIM. Left panel: lane |. CRPA38 isolate without blagGIM PCR product (562 bp); lane 2: CRPA38 isolate
without blaSPM PCR product (784 bp); lanes 3 and 4: CRPA38 and CRPA48 isolates with blaVIM PCR product (382 bp); lane 5: CRPA42 isolate with blaIMP PCR product
(587 bp). Right panel: lane I: CRPA30 isolate with blaSIM PCR product (741 bp); lane 2: CRPA35 isolate with blaSIM PCR product (741 bp); lane 3: CRPA36 isolate with

blaSIM PCR product (741 bp).

Outer membrane protein OprD2 is important for
carbapenem such as imipenem and meropenem to trans-
fer through the cell membrane.'® Loss of OprD2 expres-
sion can decrease the susceptibility of P. aeruginosa to
carbapenem. Both deletion and insertional mutations of
OprD2 gene have been reported to affect the expression
of OprD2 and the resistance of P. aeruginosa to carba-
penem. A study in Iran showed that 10.52% of CRPA
strains had a 1179 bp insertional sequence ISPpu2l at
position 728 of the OprD2 gene.” Our study demon-
strated that oprD expression was decreased in 5 of the
62 clinical isolates, and DNA sequencing showed that
the 5 isolates had partial deletions of small fragments
and point mutations at multiple locations. Therefore,

OprD2 plays an important role in the emergence of
carbapenem resistance in CRPA strains.

Efflux pump mediated resistance is a significant threat to
the treatment of infections. The overexpression of mexAB-
oprM efflux pumps has been associated with multiple drug
resistance in P. aeruginosa.'” Several mutations (insertion,
deletion and point mutations) in mexR gene have been shown
to play an important role in the regulation of the expression of
efflux pumps in P. aeruginosa. Our study showed three
strains had a high expression of mexA. However, we found
no mutations in mexR gene in these strains after sequencing.
It is worthy to investigate whether mutations in other reg-
ulatory genes such as nalD and nalC genes contribute to the

overexpression of mexAB-OprM (Figure 5B).'*!'?
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A

1500bp

500b;

100b

DNAladder 1 2 3 4 5 6 7

B

1332bp

Pseudomonas aeruginosa strain ATCC 27853 outer membrane porin protein OprD gene, complete ¢
Sequence ID: KF649209.1 Length: 1407 Number of Matches: 1

Range 1: 46 to 1001 GenBank Graphics

Score Expect Identities Gaps Strand
1057 bits(572) 0.0 836/959(87%) 35/959(3%) Plus/Plus
Query 18 AGATAATTTCTAGAACCAAAGAGAGAAA AGTGAAAGTGATGAAGAGGAGCGCCATT 77
FEEEEEEELT | I|IIIIII 1 IIIIIIl IIIIIIIIIIIIII PEELEEETTLL
Sbjct 46  AGATAATTTC-AAAACC GAGC GGAGCGCCATT 103
Query T8 ACTGGCGAGTTCCGCAGGCAGC. GCCGGGGCCGACGCATTCGTCAGCGAT 137
IIIIIIIII IIlIIIIII IIIIlII IIIlIIII IIIIIIIIIllIIIlIIIIIII
Sbjct 104 CCGCAGGTAGCACTCAGTTCGCCGTGGCCGACGCATTCGTCAGCGAT 163
Query 138 CAGGGCGAAGGGAAGGAGATCATCGAAGACAGCAGCCTGAACCTGCTGCTCCGCAACTAC 197
IIII IIIII 11111 I IIIIIIlIIIIIIlIIIIIIIlIIIIIIIIIIIIIIIIIII
Sbjct 164 GAAGCGAAGGGG CGAAGAC A 223
Query 198 TATTTCAACCGTGACGACAAGGAAGGACGGAGTGATCGCGTCGATTGGACCCACGACTTC 257
PULLLE FEERRErer Peeeererr b Lerre e e eerene e eer ol
Sbjct 224 TATTTCGACCGTGACGGCAAGGAAGGTCGGGGTGATCGCGTCGATTGGACCCAGGGCTTC 283
Query 258 ACCACCTACGAGTCCGGCTTCACTCCAGGCTGCGTGGCATTCGGCGTCGAAGT 317
IIIIIIIIIIlIII ILLEELLLEnLL] I|Il PEEEE LEEEEEELLTy IIIIII
Sbjct 284 CTCACCACCTACGAATCCGGCTTCACTCAAGGCACCGTGGGCTTCGGCGTCGATGCCTTC 343
Query 318 GTGTACCTGGGAC 37T
I IIIIIIII IlIIIIIIIIIIIIIIIIIIlIIIIIIIIIIII IIlIIIIIIIIIII
Sbjct 344 402
Query 378 437
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I IIIlIIIIIIIlIIIlIIIIIII
Sbjct 403 462
Query 438 GCTCATCTCCAAGACCAT: GTGGGGCGA ACCCGGACTTC 497
II IIIIIIIIIIlIIIIIlIIIIIlIIIIIIlIIIIIIIIIIIIII 1111 IIIIII
Sbjct 463 TCTCCAAGACCA’ GTGGGGCGA! ACCGCCCCGGTCTTCGC S22

Query 498 CGCTGGCGATAGCCGCCTGTGCCTGCAGACCGCGAGCGACTTCCAGCTGACCAGTAGTGA 557
RNy IIIIIIIIII ) IlIIIIIIlII |I peeereeeer Il

Sbjct 523 CGCTGGCGGC CGCCTGTTCCCGCAGACC

GGCTTCCAGCTGCAGAGCAGCGA 582

Query S58 ATTCAACGTACTCGACCTCGAGGCAGGGCACTTCACCGAGGGTGAGGAGCCGACCACCGT 617

Sbjct S83 ATTCGAAGGGCTCGACCTCGAGGCAGGCCACTTCACCGAGGGCAAGGAGCCGACCACCGT 642

Figure 4 Analysis of partial sequence of OprD2 gene from clinical isolates. (A) Electrophoresis of PCR products for OprD2. Lane 1, 2, 3 and 7: CRPA43, CRPA 52, CRPA 56
and. CRPA 60 isolates with OprD2 PCR products (1332 bp); Lane 4, 5, 6: CRPAOI, CRPA02, and CRPAO3 isolates without OprD2 PCR products (1332 bp). (B) BLAST of

OprD2 PCR products against P. aeruginosa standard strain ATCC27853.

In conclusion, the dose of antibiotics and the period of
administration differ from country to country. Our study
demonstrated that the resistance of P. aeruginosa to carba-
penem antibiotics is synergistic action of several resistance

mechanisms, including but not limited to metallo-p-
lactamase production, the loss of OprD2 and the over-
expression of efflux pump mexAB-oprM. Therefore, it is
important to explore antimicrobial resistance in strains
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Figure 5 (A) Real-time PCR analysis of mexR mRNA levels from a clinical isolate. #
p<0.05 compared to other five strains. (B) Mutations in regulatory genes such as
mexR, nalD and nalC may contribute to the overexpression of mexAB-OprM and
increased resistance to carbapenem.

isolated locally to develop targeted and personalized ther-
apy for infectious diseases.
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