L
-
o
=
o
<
-
<
pd
Q
74
o

Iranlan
Journal of

Volume 14 Number 1 (February 2022) 31-37
Evaluation of mechanisms of colistin resistance in Klebsiella pneumoniae
strains isolated from patients with urinary tract infection in ICU

Mojtaba Niazadeh?', Farhad Nikkhahi'*, Saeedeh Robatjazi*, Amir Javadi?, Seyed Amir
Farzam?, Samaneh Babaei?, Parisa Zeynali?

!Medical Microbiology Research Center, Qazvin University of Medical Sciences, Qazvin, Iran

2Department of Biostatics, Qazvin University of Medical Sciences, Qazvin, Iran
$Department of Pathology, Qazvin University of Medical Sciences, Qazvin, Iran

Received: August 2020, Accepted: December 2021

ABSTRACT

Background and Obijectives: One of the major causes of urinary tract infections is Klebsiella pneumoniae. Currently, few
studies investigated the mechanisms of resistance to colistin in Iran. The current study aimed to determine the prevalence of
plasmid and chromosome-mediated resistance to colistin in K. pneumoniae isolates.

Materials and Methods: 177 urine samples were collected from patients with urinary tract infections hospitalized in the
intensive care unit (ICU) of hospitals in the city of Qazvin. K. pneumoniae isolates were identified by standard biochemical
methods, resistance to colistin among K. pneumoniae isolates were tested by disk diffusionand microbroth dilution methods.
The chromosomal mutation and presence of the mcr genes in colistin-resistant K. pneumoniae were evaluated by PCR.
Results: Out of 177 samples, 65 K. pneumoniae were obtained from patients in the ICU. Six colistin-resistant isolates were
isolated with MIC values >4 pg/mL, none of them was positive for mcrl-5. In 4 isolates, missense mutation in mgrB gene
resulted in amino acid substitutions and in one isolate of mgrB gene was found intact mgrB gene.

Conclusion: The results suggest that mgrB mutation was the main mutation among colistin-resistant isolates and plas-
mid-borne colistin resistance was not expanded among strains.
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INTRODUCTION

In recent years, due to the emergence of new in-
fections and the spread of infections caused by mul-
tidrug-resistant Gram-negative bacteria (MDR), the
lives of many patients have been threatened and fi-
nancial costs of health systems have substantially in-
creased all around the world. Parallel to the increase
in antibiotic resistance, particularly among mem-
bers of the Enterobacteriaceae family, therapeutic
abscesses were restricted and few new drugs were

developed (1). Klebsiella pneumoniae is one of the
major causes of nosocomial infections that can car-
ry many antibiotic resistance genes such as extend-
ed-spectrum beta-lactamases (ESBLs), and because
of the production of these enzymes, the use of third
and fourth generation cephalosporins is restricted
and therefore carbapenems were started to use (2, 3).
K. pneumoniae is also resistant to these drugs (car-
bapenems) by plasmid-mediated carbapenemase pro-
duction (2, 3). Cationic polymyxin antibiotics (poly-
myxin B and colistin), which were discarded in the
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1970s due to high nephrotoxicity, were re-entered to
the market by the World Health Organization (WHO)
in 2012 as medication for MDR Gram-negative bac-
teria, particularly carbapenem-producing Entero-
bacteriaceae. The last line of drug therapy was used
for these patients. These antibiotics establish a strong
electrostatic bond with the outer membrane (LPS) of
the bacterium, causing disruption of the entire LPS
structure, and reduces the integrity and increases
the membrane permeability, and ultimately leads to
bacterial cell death (4-6). Colistin resistance is main-
ly dependent on the change in the LPS of the outer
membrane of Gram-negative bacteria, which reduc-
es by the addition of the positive charge molecules
L-Ara4-N and PetN, which in turn reduces the bac-
terial membrane negative charge and consequently
decreases the membrane response to colistin (7, 8).
These changes are due to mutations in the two-part
regulatory systems and most of the mutations occur
in the genes mgrB, phoP/Q, pmrA/B, pmrC, crrABC
(9). By 2015, polymyxin resistance was thought to
occur only through chromosomal mutations between
the genes regulating pmrA/B and phoP/Q binary sys-
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tems, or mutations in the mgrB gene (10-14). The
mechanisms involved in colistin resistance are shown
in Fig. 1. The recent discovery of the plasmid-depen-
dent mcr-1 gene in Escherichia coli by Liu in 2015
(15) in China revealed another form of resistance
to colistin. This gene is based on moving genetic
elements and due to horizontal gene transfer; it has
caused resistance and therefore spread throughout
the world. Following the discovery of mcr-1, other
genes such as mcr-2 and subsequently, mcr-3, mcr-4,
mcr-5, mcr-6, mecr-7, mcr-8 were reported. The cur-
rent study aimed to evaluate the molecular mecha-
nisms of colistin-resistance among urinary isolates
of K. pneumoniae isolated from patients admitted to
the ICU of the three hospitals in West Iran (Qazvin).

MATERIALS AND METHODS
Sample collection, processing, and identification.
From November 2017 to October 2018, 65 non-dupli-

cated clinical isolates of K. pneumoniae from 177
samples were collected from microbiology laborato-
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Fig. 1. Proteins and genes involved in the regulatory network modulating chemical modifications of the lipid a moiety on the
lipopolysaccharide with L-Ara4N and pEtNand Mcr in K. pneumoniae. Two-component systems PmrA/PmrB and PhoP/PhoQ
are activated by environmental stimuli and regulate the transcription of genes pmrHFIJKLM and pmrC via phosphorylation of
the cognate response regulators PmrA and PhoP.
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ries of the three hospitals in West Iran (Qazvin). The
samples were isolated from the urine of patients with
urinary tract infections. They were then immediately
transferred to the laboratory of Qazvin University of
Medical Sciences for further analysis. All specimens
were sub-cultured on MacConkey Agar (Merck, Ger-
many). After incubation of the plates at 37°C for 24
h, the colonies were identified and confirmed as K.
pneumoniae using biochemical tests (API-10S sys-
tem, bioMérieux, France). The isolates were stored
in Tryptic Soy Broth (BD™. Germany) with 20%
glycerol at -80°C until further analysis.

Antimicrobial susceptibility testing. The Kir-
by—Bauer disk diffusion method, as described by the
Clinical and Laboratory Standards Institute (CLSI
2020) guidelines, was performed to determine anti-
microbial susceptibility. Thirteen antibiotics includ-
ing colistin (10 pg), meropenem (10 ng), ciproflox-
acin (5 pg), ampicillin (10 pg), ceftazidime (30 pg),
ceftazidime-clavulanic acid (40 pg), cefotaxime (30
ng), cefotaxime-clavulanic acid (40 pg), cefuroxime
(30 pg), cefepime (30 pg), nitrofurantoin (300 pg), tri-
methoprim/sulfamethoxazole (25 pg), and cefoxitin
(30 ng) were used and the results were compared with
the CLSI 2020 guidelines. In addition, Klebsiella
pneumoniae isolates were classified as MDR, XDR,
and ESBL according to the proposal for Interim Stan-
dards Guidelines (15).

Minimum inhibitory concentration (MIC) for
colistin. Colistin resistance was phenotypically de-
tected by broth micro-dilution method (BMD), us-
ing colistin sulphate powder (Sigma—Aldrich). Then,
results were interpreted according to the Clinical &
Laboratory Standards Institute (CLSI 2020) guide-
lines. Thereafter, isolates with MIC >4 ug/mL were
considered as resistant strains. E. coli ATCC 25922
was used as quality control for antimicrobial suscep-
tibility testing and E. coli KP81 as a colistin-resistant
strain.

Extraction of DNA and polymerase chain reac-
tion (PCR). Genomic DNA of all isolates that were
phenotypically confirmed as colistin-resistant, were
extracted for molecular analysis by Gspin™ Total
DNA Extraction Kit (iNtRON Biotechnology, South
Korea) according to the manufacturer’s instructions.
In brief, a master mix was prepared in a final volume
of 25 pL containing 12.5 pL of 2 x Master Mix, 0.5
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pL of each primer, 3 pL of extracted DNA as tem-
plate and 8.5 pL of sterile distilled water. The mcr-
1 to mcr-5 genes were amplified byspecific primers
(Table 1) and were evaluated as follows: denaturation
at 94°C for 5 min, 25 cycles of denaturation at 94°C
for 1 min, annealing temperatures according to Table
1 and for 30 s, extension at 72°C for 60 s, and final ex-
tension at 72°C for 60 s. The cycling conditions used
for mgrB gene were as follows: denaturation at 94°C
for 5 min,25 cycles of denaturation at 94°C for 1 min,
annealing at 51°C for 30 s, extension at 72°C for 30 s,
and final extension at 72°C for 5 min. The PCR prod-
ucts were visualized on 1% agarose gel stained with
ethidium bromide.

mcr-1 and mgrB sequence analysis. For mgrB
and mcr-1 genes, sequencing of the PCR products
was conducted by Sanger sequencing through an ex-
ternal expertise provider (Macrogen, Korea) (Table
1). Nucleotide sequences obtained by PCR sequenc-
ing were compared with sequence databases using
the Basic Local Alignment Search Tool (BLAST)
(http://blast.ncbi.nim.nih.gov/).

Statistical analysis. Data analysis was performed
using SPSS version 23.0 (IBM Armonk, North Cas-
tle, NY, USA). Descriptive data are shown as fre-
quency and mean.

RESULTS

Antibiotic susceptibility results showed that most of
the isolates were resistant to ampicillin 77% (50/65),
cefotaxime 73.9% (45/65), ceftazidime 66% (43/65),
and trimethoprim/sulfamethoxazole 52.3% (34/65).
Resistance to cefuroxime and ciprofloxacin was 54%
(35/65) and 41.5% (27/65). Whereas the lowest resis-
tance rate was observed for cefoxitin 37% (24/65),
cefepime 37 (24/65), nitrofurantoin 27.7 (18/65), and
meropenem 15.3 (10/65). The detailed percentages for
all tested antibiotics are shown in Fig. 2. Out of 65
isolates of K. pneumoniae, two isolates were resistant
to colistin by disk diffusion method and sixty-three
isolates had a growth inhibition zone greater than 10
mm. For these isolates, sensitivity to colistin was de-
termined by broth micro-dilution method. Colistin re-
sistance was found in 10.7% (6/65) of K. pneumoniae
via the broth micro-dilution method. The two isolates
that showed resistance to colistin by the disk diffusion
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Table 1. Nucleotide sequences of primers used in this study.

Primer Sequence (5°-3°) Annealing Size (bp) Reference
name Temperature (°C)
mcrl FwAGTCCGTTTGTTCTTGTGGC 51 320 (15)
Rev AGATCCTTGGTCTCGGCTTG
mcr2 Fw CAAGTGTGTTGGTCGCAGTT 56 715 (16)
Rev TCTAGCCCGACAAGCATACC
mcr3 Fw AAATAAAAATTGTTCCGCTTATG 57 929 (16)
Rev AATGGAGATCCCCGTTTTT
mcr4 Fw TCACTTTCATCACTGCGTTG 58 1,116 a7
Rev TTGGTCCATGACTACCAATG
mcr5 Fw ATGCGGTTGTCTGCATTTATC 58 1,644 (18)
Rev TCATTGTGGTTGTCCTTTTCTG
mgrB FWGCTCAATAATACGCCAATCC 51 526 This study
ReV CATAACAACAGACCGACAAG
- result in amino acid change and therefore it was not
. a deleterious mutation. In one isolate (16.6%), a high
e 739 769 - level of resistance with MIC >32 was observed to the
- 6 - —-— 1] antibiotic colistin.
% 40 216 3_6'_9 i
E 0 92 153
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Fig. 2. Antimicrobial susceptibility profiles of K. pneumoni-
ae isolates in this study.

method, had MIC greater than 4 pg/mL. Surprising-
ly, among 63 isolates that were susceptible to colistin
in the disk diffusion method, four isolates had MIC
greater than 4 pg/mL. For colistin-resistant strains, the
MIC values ranged from 4 to 32 pg/ml in K. pneumo-
niae isolates.

The presence of mcr-1, mcr-2, mcr-3, mecr-4, mer-5
genes in all isolates of K. pneumoniae of ICU patients
was evaluated and none of these genes was observed.
The PCR products of mgrB gene for all col-R K. pneu-
moniae isolates were sequenced to identify chromo-
somal mutations (Table 2). In one isolate, the mgrB
gene was not detected. It indicated the occurrence of
a partial or complete deletion of the mgrB gene. In
Three isolates, the missense mutation in mgrB genes
had led to a change from tryptophan to glycine. In ad-
dition, in one isolate, there was a change from isoleu-
cine to phenylalanine in position 45. In five isolates, a
similar mutation occurred at nucleotide 42 that did not

34 IRAN.J. MICROBIOL. Volume 14 Number 1 (February 2022) 31-37

In the present study, 6 colistin-resistant K. pneumo-
niae isolates were detected, with MIC values ranging
from 4 to 32 pg/ml. All isolates were obtained from
urine samples of ICU patients. Because in the ICU
usually the most invasive methods administer, the
risk of biofilm formation by these bacteria is high-
er. The rapid spread of antibiotic resistance among
hospitalized patients has become a major health con-
cern in recent years. This issue is particularly obvi-
ous in ICU patients, so that almost all patients with
infectious diseases were treated with antibiotics. The
WHO estimates that the global rate of nosocomial
infections among hospitalized patients ranges from
7 10 12% (19, 20). Due to increased resistance to an-
tibiotics, colistin uses as the last line of treatment
for multidrug-resistant Gram-negative bacteria. In
evaluating antibiotic susceptibility, the highest per-
centage of resistance was for ampicillin (77%), cefo-
taxime (73.9%), and ceftazidime (66%). Conversely,
84.6% of the isolates were susceptible to meropenem,
a carbapenem drug class used mainly for infections
caused by MDR bacteria. All colistin-resistant K.
pneumoniae strains were MDR. In this study, mcr-
1 to mcr-5 genes were not detected in any of the K.
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Table 2. Antibiotic resistance profiles and mgrB gene mutations among six colistin-resistant K. pneumoniae isolates in ICU.

Isolate  MICfor Modificationsin Antibiotic susceptibility profile
colistin mgrB Non-susceptible to: Susceptible to: MCR-1-9 MDR ESBL
(ng/mL) XDR
KP1 32 T139g (W47G) COL, AM, CAZ, CP, ME, FM, FOX, FEP, XM, - MDR +
CTX, SXT
KP2 8 A133t (145F) COL, CTX, AM, FM, FOX, SXT, CP, MEM, - MDR -
CAZ, FEP, XM
KP3 4 T139g (W47G) COL, AM, XM CTX, SXT, CP, MEM, FM, - - -
FOX, CAZ, FEP
KP4 4 T139g (W47G) COL, CTX, MEM, AM, FOX, SXT, CP, FM, FEP - - -
CAZ, XM
KP5 4 WT COL, CTX, SXT, AM, FEP, CP, MEM, FM, FOX, - MDR +
CAZ, XM
KP6 4 Partial or complete COL, CTX, SXT, CO, FOX, MEM, FM - MDR -

deletion
No amplification

CAZ, FEP, XM

pneumoniae isolates, thus chromosomal mutations
are the cause of resistance. These findings are consis-
tent with previous studies conducted in Iran, which
did not detect mcr genes in K. pneumoniae isolates
(21-23). These results indicated that the prevalence
of plasmid genes related to colistin resistance among
K. pneumoniae strains is low in Iran. Of 65 isolates
obtained from patients hospitalized in ICU, 6(10.6%)
were colistin-resistant, of which four missense mu-
tations in the mgrB gene resulted in amino acid sub-
stitution and inactivation of the MgrB and develop-
ment of colistin resistance. Given that mgrB gene
gel electrophoresis results did not show bands larger
than predicted, the insertion sequences probably did
not play a role in mgrB gene inactivation and con-
firmed its sequencing results. Whereas in the study
of Hillel et al. and Pishnan et al. insertion sequences
(I1S1-like (768 bp) and 1S5-like families (1,056 bp))
was involved in the development of colistin resis-
tance among K. pneumoniae isolates (21-23). Most
of the mechanism of mgrB gene inactivation was re-
ported to be due to the insertion of IS into the gene
and the promoter region of the gene (24). However,
in the current study, no IS induced mgrB gene in-
activation was observed. Three W47G substitution
isolates were identified in the mgrB gene, which pro-
duced a non-functional MgrB and caused resistance
to colistin. These changes in the mgrB gene at the
same position indicated the occurrence of transverse
transfer and clonal expansion in the ICU. These iso-
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lates had a mutation in nucleotide 42 that did not re-
sult in amino acid alteration. The WA7R amino acid
substitution is previously reported by Esposito et al.
(2018) in Naples (Italy) (25). In this isolate at nucle-
otide 51, a missense mutation occurred that did not
result in an amino acid substitution. In the current
study, an 145F amino acid substitution in the mgrB
gene was observed, which is also reported by Ghafur
et al. (2019) in India (26). This substitution led to the
amino acid change from isoleucine to phenylalanine.
In one CRKP isolate no PCR product was found, that
indicated complete or partial deletion of the mgrB
gene and therefore no negative feedback mechanism
was applied to the phoP / Q regulatory genes, that
is similar to the current study. Several studies have
reported the deletion of the mgrB gene (13, 26-30).
Mutations and genetic changes in the mgrB gene are
shown in Fig. 3.

In conclusion, the prevalence of colistin-resistance
K. pneumoniae is alarmingly increasing in Iran.
Besides, the plasmid-borne colistin resistance gene
mcr-1 was not detected in isolates, that indicated the
gene had not yet been transmitted among the clini-
cal isolates of K. pneumoniae, but according to other
studies, regular monitoring is essential to fully un-
derstand the molecular mechanisms mediating colis-
tin resistance in human K. pneumoniae isolates. In
the current study, we found that mgrB changes (mgrB
mutation) play an important role in the resistance to
colistin in the isolates of Klebsiella pneumoniae in
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nt 42
Klebsiella pneumoniae WT migrB =3 1 TGAAAAAATTACGG TTTACTGATAGTCATCAT GCTGCCTGTTGCTGTGG 60
IIIIIIIIIIIIIIIIIII [LEPELETLT IIIIIIIIII I|I||||III||||||II
KV5 =3 1 TGAAAAAATT TTTACTGATAGTC CTGCCTGTTG 60
||I| 11111 I IIIIIIIIIIIIIIIII I III IIII ||I|III|I|||I||IIl
Kfz70 =3 | GTGAAAAAATTAC GTTTTACTGATAGTCATCATAG TGCCTGTTG 60
ad42g (A14A)
el prenmonise W > o T O
i it | nimiinithn .
Kfz270 —3p 61  ACTCAGATGCTTAACGTAATGTGCGACCAGGATGTTCAGTTTTTCAGCGGCATTTGCACT 120
nt 139
\4
Klebsiella pneumoniac WT mgrB =3 121 ||Tﬁ|\l]\'i’l|\/|§?ﬂ'}'li\1l'}'clll I(IS'I'AA 144
P U ol |||||||||||| |1||| |G|T|’|V|\ s
Kfz70 —3p | al33t(I45F)[121 AATAAATT GTGGT 144
nt 133

Fig. 3. Mutations and genetic alterations in mgrB gene and colistin resistance in K. pneumoniae. The arrow indicates the target
site for amino acid changes

Iran and the most common type of change in mgrB
gene was due to missense mutations.
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