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@ : ABSTRACT
Plasmid-mediated quinolone resistance (PMQR) plays an essential role in
¢ developing resistance to quinolones. This study aimed to investigate the presence and effect of PMQR
Received: 07 Dec 2022 genes in clinical isolates of Citrobacter from urinary tract infections.
Accepted: 09 May 2023 [VIETIREE Fifty-one citrobacter isolates were found in urinary samples of patients referred to Imam Reza
: Hospital in Kermanshah City, Iran, in 2019. The susceptibility to antibiotics was determined by disk dif-
fusion and broth microdilution methods. The gnrA, qnrB, qnrS, aac (6 ')-Ib, and gepA genes of isolates
were detected by the polymerase chain reaction (PCR) method. Then, the PCR-RFLP (restriction frag-
ment length polymorphism) method was used to differentiate the aac (6')-Ib gene from its aac (6')-Ib-cr
variant. The obtained data were analyzed using the chi-square and Mann-Whitney statistical methods.
[{EENTE The highest resistance of isolates was seen against cefazolin (74.5%), ciprofloxacin (41.2%), and
cotrimoxazole (35.3%). More than 80% of isolates were susceptible to carbapenems, gentamicin, and
piperacillin/tazobactam. The frequency of gnr genes in isolates was 41.5%. The gnrB gene was the most
frequent (43.2%), followed by gnrS (5.9%) and gnrA (1.9%). The aac (6') -Ib gene was found in 27.5% of
the isolates; all were aac (6')-Ib-cr. The gepA gene was not found in any isolate.
[T The results of this study indicate the importance of Citrobacter freundii as an agent of urinary
tract infection and its high resistance to ciprofloxacin. PMQR genes are highly prevalent in Citrobacter
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Keywords: isolates, and there is a significant correlation between the gnrB and gnrS genes with the increased mini-
Citrobacter, Fluoro- mum inhibitory concentration of ciprofloxacin. Therefore, antibiotic susceptibility should be performed
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Extended Abstract

Introduction

itrobacter genus has been recognized as

an opportunistic pathogen causing hospi-

tal-acquired infections. The significance

of these bacteria in causing hospital in-

fections with high antibiotic resistance
is notable. Fluoroquinolones are antibiotics with broad-
spectrum antimicrobial activity. However, their exten-
sive use has led to high resistance levels, especially in
gram-negative bacteria. Resistance to fluoroquinolones
in citrobacter species mainly occurs due to mutations in
chromosomal genes encoding DNA gyrase and topoi-
somerase IV or through efflux pumps. However, recent
studies have shown that resistance to quinolones may
also arise through plasmid-mediated quinolone resistance
(PMQR) genes. Horizontal transfer of plasmids carrying
PMQR genes and accumulation of mutations in chromo-
somal genes significantly increase resistance to quino-
lones. PMQR genes have been reported to have varying
prevalence worldwide. citrobacter has not been exten-
sively studied as an opportunistic pathogen in many re-
gions, including Iran, and therefore, limited information is
available about it. Given the importance of the prevalence
of PMQR genes and their association with resistance to
fluoroquinolones, this study aimed to investigate the fre-
quency of these genes in citrobacter isolates and their cor-
relation with increased resistance levels.

Methods

In this descriptive study, 51 citrobacter isolates were col-
lected from 280 urine samples of hospitalized patients at
Imam Reza (AS)Hospital, Kermanshah City, Iran, in2019.
Mid-stream clean catch samples were collected in sterile
containers and cultured on EMB and blood agar (Merck,
Germany) media. The plates were then incubated for 24
hours at 37°C. The number of colonies was counted, and
if the colony count was >10° CFU/mL, it was considered
a positive urinary tract infection. The standard API 20 kit
(BioMerieux, France) was used to identify the genus and
species of the bacteria. The susceptibility or resistance of
isolates was determined using the disk diffusion (Kirby-
Bauer) method on Mueller-Hinton agar and according
to the Clinical and Laboratory Standard Institute (CLSI)
standard. MAST antibiotic disks (England, Merseyside)
including ceftriaxone (30 pg), cefotaxime (30 pg), cefpo-
doxime (30 pg), cefotaxime (30 pg), ceftazidime (30 pg),
cefazolin (30 pg), cotrimoxazole (25 pg), ertapenem (10
pg), meropenem (10 pg), imipenem (10 pg), tobramycin
(10 pg), gentamicin (20 pg), piperacillin-tazobactam (110
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ug), aztreonam (30 pg), and ciprofloxacin (5 pg) were
used. Finally, the results were evaluated according to the
standard CLSI tables. The minimum inhibitory concen-
tration (MIC) of isolates against ciprofloxacin was deter-
mined using the microdilution broth method. The qual-
ity control strain for the antibiotic susceptibility test was
Escherichia coli ATCC 25922. The MIC of each bacterial
strain was considered the lowest antibiotic concentration
in a well in which no bacterial growth occurred. Based
on the CLSI tables, isolates with MIC>4, 2<MIC<4, and
MIC<]1 were considered resistant, intermediate, and sus-
ceptible to ciprofloxacin, respectively.

The gnrA, qnrB, qnrS, aac(6')-Ib-cr, and gepA genes
were detected using specific primers (CinnaClone, Iran)
and polymerase chain reaction (PCR) method. The boil-
ing method was used for DNA extraction. The PCR re-
action was performed using a thermal cycler (BioRad,
USA). An enzymatic digestion was performed to differ-
entiate the aac(6')-1b gene from its variant cr-aac(6')-1b,
associated with quinolone resistance. The PCR product
for the aac(6')-Ib gene was digested using the BtsCI en-
zyme (Fermentas, England). If cut, it would produce frag-
ments of 272-bp and 210-bp, indicating the presence of
aac(6')-1b, but if not cut, it would mark the presence of
the variant cr-aac(6')-1b.

Results

Out of 280 urine samples, 51 isolates (18.2%) were
citrobacter, belonging to 31 female patients (60.8%) and
20 male patients (39.2%). The mean age of patients was
26+6.40 years, with a maximum age of 87 years and a
minimum age of less than one year. Of 51 citrobacter
isolates, 39(76.5%) were Citrobacter Freundii, 7(13.7%)
were C. koseri, and 5(8.9%) were C. braakii. The resis-
tance rate to sulfazol, ciprofloxacin, and cotrimoxazole
was 74.5%, 41.2%, and 35.3%, respectively. >80% of iso-
lates were sensitive to carbapenems, piperacillin/tazobac-
tam, and gentamicin. Respectively, 21 isolates (41.2%),
1 isolate (9.1%), and 29 isolates (56.9%) were resistant,
intermediate, and susceptible to ciprofloxacin. The MIC
of isolates against ciprofloxacin was also determined. In
most isolates, the resistance level to ciprofloxacin was
high MIC (>64 pg/mL).

The size of the PCR products for gnrd, gnrB, gnrsS,
aac(6')-1b, and gepA genes were 516, 469, 417, 482, and
720 base pairs, respectively. Among the 51 citrobacter iso-
lates, 22 isolates (2.43%) had gnr genes, including gnrB
in 22 (5.41%), gnrS in 3 (9.5%), and gnrA4 in one isolate
(9.1%). Fourteen isolates (27.5%) carried the aac(6)-Ib
gene; all were the variant cr. The gepA gene was not de-
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tected in any of the isolates. Regarding the relationship Acknowledgements
between the aac(6))-1b-cr gene and ciprofloxacin resis-

tance, 64.3% of isolates with this gene were resistant to The authors would like to thank Imam Reza (AS) Hos-
ciprofloxacin. In comparison, 32.4% of isolates without pital, Kermanshah City and all participants for their co-
this gene were resistant, which was statistically signifi- operation.

cant (P=0.039). Additionally, statistically significant posi-
tive correlations were observed between the presence of
qnrB and gnrS genes and ciprofloxacin resistance. Among
the 25 isolates with PMQR, 12(48%) isolates had a high
MIC (>64 ng/mL) for ciprofloxacin, while only 3(11.5%)
of the 26 isolates without PMQR genes had an MIC of
64 pg/mL or higher for ciprofloxacin. Statistical analy-
sis showed a significant relationship between increased
MIC of ciprofloxacin and the presence of PMQR genes
(P=0.02). Additionally, statistically, the mean MIC of cip-
rofloxacin in isolates with qnr genes was higher than the
mean MIC in isolates without qnr genes (P=0.001). The
mean MIC of ciprofloxacin in isolates with the aac(6')-
Ib-cr gene was also higher than the mean MIC of isolates
without this gene (P=0.001).

Conclusion

The results of this study indicate the importance of C.
freundii as a pathogen of urinary tract infection and its
high resistance to ciprofloxacin. PMQR genes are highly
prevalent in citrobacter isolates, and there is a signifi-
cant correlation between the gnrB and gnrS genes with
the increased MIC of ciprofloxacin. Therefore, antibiotic

susceptibility should be performed before treatment of
citrobacter-causing urinary tract infection.
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