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Introduction: Resistance to fluoroquinolones (FQ) in uropathogenic Escherichia coli
(UPEC) has emerged as a growing problem. Chromosomal mutations and plasmid-
mediated quinolone resistance (PMQR) determinants have been implicated. Data concerning
the prevalence of these determinants in UPEC in our hospital are quite limited.

Purpose: To investigate the occurrence and genetic determinants of FQ resistance in UPEC
isolated from urinary tract infection (UTI) cases in Zagazig University Hospitals.

Patients and Methods: Following their isolation, the identification and susceptibility of
UPEC isolates were performed by matrix-assisted laser desorption/ionization-time-of-flight
mass spectrometer (MALDI-TOF MS). FQ resistance was detected by the disc diffusion
method. Ciprofloxacin minimal inhibitory concentration (MIC) was determined using E-test.
Chromosomal mutations in the gyr4 gene were detected using polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP), and for detection of PMQR,
a couple of multiplex PCR reactions were used.

Results: Among a total of 192 UPEC isolates, 46.9% (n=90) were FQ resistant. More than
half of the isolates (57.8%) exhibited high-level ciprofloxacin resistance (MIC > 32 pg/mL).
Mutations in gyrd were detected in 76.7% of isolates, with 34.4% having mutations at more
than one site. PMQR determinants were detected in 80.1% of UPEC isolates, with aac(6')-I1b-
cr gene being the most frequent found in 61.1% of isolates.

Conclusion: There is a high prevalence of both gyr4 mutations and PMQR determinants
among UPEC isolates in our hospital which contribute to high-level ciprofloxacin resistance,
a finding that may require the revision of the antibiotics used for empirical treatment of UTIL.
Keywords: gyr4 mutations, gnr determinants, uropathogenic E. coli, ciprofloxacin resistance

Introduction
Escherichia coli (E. coli) is a common human pathogen that is frequently impli-
cated in causing urinary tract infections (UTIs) such as cystitis and pyelonephritis.'
Fluoroquinolones (FQ) are broad-spectrum antibiotics that are commonly recom-
mended for treatment of UTIs, in particular, those caused by genera and species of
Enterobacteriaceae.’

Following their widespread use, resistance to FQ has emerged globally. This has
increased the risk of treatment failure and furthermore, limited the selection of
antibiotics used for empirical treatment of UTIs caused by Enterobacteriaceae.>”
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Fluoroquinolones tend to bind tightly to the bacterial
enzymes (DNA gyrase and topoisomerase [V) inhibiting
their activity in the control of DNA supercoiling and
converting them into toxic enzymes that fragment the
bacterial chromosome preventing DNA replication.’
E. coli traditionally resists FQ by the development of
chromosomal mutations mainly in the quinolone resis-
tance-determining regions (QRDRs) of the target genes;
gyrA which encodes DNA gyrase and parC which encodes
topoisomerase IV. In Gram-negative bacteria, DNA gyrase
is more susceptible to inhibition by quinolones than is
topoisomerase IV.° Mutations at serine-83 (Ser-83) and
asparagine-87 (Asp-87) in the gyrA gene are among the
most often observed mutations in E. coli mutant strains.’

Although bacterial resistance to quinolones is princi-
pally mediated by chromosomal mutations, it can also be
plasmid-mediated. Plasmid-mediated quinolone resistance
has been reported first in 1998 from a Klebsiella pneumo-
niae strain in the University of Alabama at Birmingham
Medical Center.® Since then, it has been increasingly
reported in most parts of the world and arisen as
a significant concern.”'”

Generally, three mechanisms of plasmid-mediated qui-
nolone resistance have been described: (i) qnr (qnrA, qnrB
and qnrS) proteins that protect the target enzyme (DNA
gyrase) against quinolone inhibition and encoded by gnr
(quinolone resistance) determinants, (ii) aac(6')-Ib-cr gene,
first discovered in 2003, which encodes a variant of ami-
noglycoside acetyltransferase enzyme that acetylates and
inactivates ciprofloxacin and norfloxacin, and (iii) Efflux
pumps associated with gepA gene which excretes hydro-
phobic fluoroquinolones (ciprofloxacin and norfloxacin).'!

Plasmid-mediated resistance is usually associated with
low-level resistance, yet it can confer high-level resistance
by facilitating the selection of chromosomal mutation. In
addition, it poses a major threat by allowing the rapid
spread of resistance among different organisms.'®

The aim of this study is to investigate the occurrence
and genetic determinants of FQ resistance in E. coli iso-
lated from urinary tract infection patients hospitalized in
Zagazig University Hospitals which could help proper
treatment choices.

Materials and Methods

A cross-sectional study was conducted over a period of 6
(October  2018-March 2019) in Medical
Microbiology and Immunology Department, Faculty of

months

Medicine, Zagazig University and Clinical Pathology

Department and the Urology Department, Zagazig University
Hospitals.

Bacterial Isolates

Escherichia coli (E. coli) isolates were collected from urine
specimens of hospitalized patients with suspected UTI from
different wards of Zagazig University Hospitals, who had
not yet received antibiotics, during the study period. To
avoid testing multiple isolates from a single patient,
E. coli was isolated in only one urinary culture from each
patient. Urine specimens were collected by clean-catch mid-
stream or from catheter in catheterized patients.

All urine specimens were immediately transported to the
laboratory and the colony count semiquantitative method
was performed according to surface streak procedure using
calibrated loops onto the surface of MacConkey agar. The
result of a single microorganism equal to or more than 10°
CFU/mL was considered positive UTI. Identification up to
species level and FQ resistance were done by matrix-assisted
laser desorption/ionization-time-of-flight mass spectrometer
(MALDI-TOF/MS) using the VITEK MS
(Biomérieux. Inc, Durham, USA). In brief, a fraction of

system

a single colony of the freshly grown test isolates were
smeared on the wells of disposable target slides to form
a thin layer of the organism. Then, 1 pL of VITEK MS
CHCA matrix solution (cyano-4-hydroxycinnamic acid)
was applied over each sample and air-dried for 1-2 min at
room temperature. The E. coli ATCC®8739™ strain
(American Type Culture Collection Global Bioresource
Center, Manassas, VA, USA) was used as a calibrator and
internal identification control. It was inoculated on the cali-
bration spots of each acquisition group. The target slide was
then loaded into the VITEK MS system. Identification was
done using a new database (v2.0) and MYLA software
developed for in vitro diagnostic use. Identification results
with confidence score values exceeding 90% were consid-
ered significant and displayed. E. coli isolates were main-
tained in glycerol broth at —20° C until use.

This study was conducted in accordance with the
Declaration of Helsinki and was approved by the institu-
tional review board (IRB) — Faculty of Medicine, Zagazig
University. A written informed consent was obtained from
each patient or the guardians of unconscious patients.

Phenotypic Detection of FQ Resistance

Collected E. coli isolates were subjected to phenotypic
detection of FQ resistance by disc diffusion method
using ciprofloxacin and levofloxacin antibiotic discs.
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Minimal inhibitory concentration (MIC) of ciprofloxacin
was also determined by Epsillometer (E) test strips (Oxoid
Limited, Basingstoke, Hants, England).

Disc Diffusion Method

Antimicrobial susceptibility testing was performed by the
disc diffusion method (Modified Kirby—Bauer technique)
using Muller Hinton agar following Clinical Laboratory
Standards Institute (CLSI) guidelines.12 In addition to FQ
discs (ciprofloxacin (CIP) 5 pg and levofloxacin (LVX) 5
ug), antimicrobial discs included that of carbapenems
(Imipenem (IMP) 10 pg, Meropenem (MEM) 10 pg),
aminoglycosides (Amikacin (AK) 30 pg, gentamicin
(GEN) 10 pg), penicillin/B-lactamase inhibitor (amoxicil-
lin/clavulanic acid (AMC) 20/10 png),
(Aztreonam (ATM) 30 pg), broad-spectrum cephalospor-
ins (cefoxitin (FOX) 30 g, ceftazidime (CAZ) 30 pg,
cefepime (FEP) 30 pg), trimethoprim-sulfamethoxazole
(SXT) 25 pg, and Nitrofurantoin (F) 300 pg, all were
obtained from Oxoid Co. (Oxoid Limited, Basingstoke,
Hampshire, England). E. coli ATCC®25922™ was used
as a quality control strain (American Type Culture

monobactam

Collection Global Bioresource Center, Manassas, VA,
USA).'? Multidrug resistance (MDR) phenotype was
defined as the non-susceptibility to at least one agent in
three or more antimicrobial categories, while extreme drug
resistance phenotype (XDR) was defined as the non-
susceptibility to at least one agent in all but two or fewer
antimicrobial categories (ie, bacterial isolates remain sus-
ceptible to only one or two categories)."?

Ciprofloxacin MIC Determination

For isolates found resistant to ciprofloxacin on primary anti-
microbial susceptibility, E-test (Oxoid) strips were used
to determine the MIC of isolates to ciprofloxacin (CIP
32 pg/mL - 0.002 pug/mL). Also, E. coli ATCC®25922™
was used as a quality control strain (American Type Culture
Collection Global Bioresource Center, Manassas, VA, USA).
Results were interpreted according to CLSI 2018 guidelines
(susceptible, MIC < I pg/mL, intermediate, MIC = 2 pg/mL,
resistant, MIC > 4 pg/mL)."

Genotypic Detection of FQ Resistance

Determinants

E. coli isolates that were found resistant to FQ were sub-
jected to polymerase chain reaction (PCR) amplification of
the chromosomal QRDRs of gyr4, followed by restriction
fragment length polymorphism (RFLP) to detect mutations

in gyrd. Also, to multiplex PCR to detect plasmid-
mediated quinolone resistance determinants (PMQR).

DNA Extraction

Extraction of bacterial DNA was performed using QlAamp™
DNA Mini kit (Qiagen GmbH, Hilden, Germany) according
to manufacturer instructions.

PCR-RFLP to Detect gyrA Mutations

PCR amplification of QRDRs of gyr4 was done using Taq
PCR Master Mix (Qiagen GmbH, Hilden, Germany).
Primers and thermocycling conditions were adjusted as
described previously to detect mutations at Ser-83 and
Asp-87 in the gyrd gene."* This is achieved by the intro-
duction of an artificial restriction enzyme cleavage site
into PCR products by using a primer-specific restriction
site modification method, followed by restriction site
digestion of the PCR product to detect these mutations.
The forward primer, EC-GYRA-A (5'-CGCGTACTTT
ACGCCATGAACGTA-3"), and the reverse primer, EC-
GYRA-Hinfl (5-ATATAACGCAGCGAGAATGGCTGC
GCCATGCGGACAATCGAG-3") were used to amplify
a 164-bp DNA product. The amplification consisted of
35 cycles of denaturation (94°C, 60 s), annealing (52°C,
50 s), and extension (72°C, 50 s).

PCR products were further analyzed by RFLP using
Hinfl (Thermo Fisher scientific Inc) to detect point muta-
tions at positions Ser-83 and Asp-87 of gyrd.'* For RFLP,
a 10-mL mixture containing 8 mL of the PCR product,
I mL of Hinfl, and 1 mL of 10 X digestion buffer,
supplied by the manufacturer, was incubated at 37° C for
1-16 hrs. Ten microliters digested fragments were run in
3% agarose gel stained with ethidium bromide to visualize
bands under UV transilluminator. DNA ladder (50 pb and
25 bp) was used as a molecular weight marker. Digestion
products according to the mutation site are listed in
Table 1.'

When a wild type (no mutation) of the gyr4 gene (164
bp DNA product) is digested with Hinfl, there are two

Table | Hinfl PCR-RFLP Patterns of gyrA

Mutation Site Restriction Fragment

Length

No mutations at either Ser-83 or Asp-87 | 109 bp and 40 bp
(wild type)
Mutations at both Ser-83 and Asp-87

Single mutation at Ser-83

164bp
124 bp and 40 bp

Single mutation at Asp-87 109 bp and 55 bp
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cleavage sites. This produces fragments of 109, 15, and 40
bp. The 15 bp fragment runs off the gel and is not
observed. When a strain has mutations at both Ser-83
and Asp-87, both Hinfl cleavage sites are destroyed and
the 164 bp DNA fragment remains undigested. On the
other hand, when a strain has a single mutation at Ser-
83, Hinfl fails to digest the PCR product at Ser-83 site and
only digests at Asp-87 producing only two fragments of
124 bp and 40 bp. Similarly, when a strain has a single
mutation at Asp-87, Hinfl fails to digest the PCR product
at Asp-87site and only digests at Ser-83 producing only
two fragments of 109 bp and 55 bp."

Multiplex PCR to Detect PMQR

Detection of five PMQR genes was performed using two
multiplex PCR, the first for gnrd, gnrB and gnrS, while
the second for aac(6')-Ib-cr and gepA. Amplification was
done using Taq PCR Master Mix (Qiagen GmbH, Hilden,
Germany) and the primers listed in Table 2.

For the first reaction, extracted DNA (2 ul) was sub-
jected to multiplex PCR in a 50 ul reaction mixture con-
taining PCR buffer with 20 pmol of each of the six primers
(Table 2) and 2.5 U of Taq polymerase. The Amplification
was carried out under the following conditions: 10 min at
95°C followed by 35 cycles of amplification consisting of
1 min at 95°C, 1 min at 54°C and 1 min at 72°C then 10
min at 72°C for the final extension.'> DNA fragments were
analyzed by electrophoresis in 2% agarose gel.

The second multiplex PCR was carried out for 35
cycles at 94°C for 30 sec, 55°C for 30 sec and 72°C for
30 sec.'®'” The resulting amplicons were examined by

electrophoresis with 2% agarose gel.

Results

During the study period, a total of 192 E. coli isolates were
collected from hospitalized patients suspected to have
UTIs
Hospitals including intensive care units (ICUs). Among
them, 90 (46.8%) isolates were FQ-resistant (all isolates

found resistant to ciprofloxacin were also resistant to levo-

from different wards of Zagazig University

floxacin) and were included in our study.

The results of antibiotic susceptibility among FQ-resistant
E. coli isolates are summarized in Table 3. All of them except
for one isolate (n=89) expressed the MDR phenotype. The
highest rates of resistance were detected for broad-spectrum
cephalosporin ~ (100%),  trimethoprim-sulfamethoxazole
(92.2%) and aztreonam (80%). Meanwhile, isolates were
found sensitive to meropenem (100%), imipenem (81.1%)
followed by nitrofurantoin (51.1%).

Results of ciprofloxacin MIC are illustrated in Figure 1.
More than half of the isolates exhibited high-level cipro-
floxacin resistance with an MIC > 32 pg/mL being detected
in 57.3% of FQ-resistant isolates.

Mutations in the gyrdA gene were observed in 69
(76.7%) FQ-resistant E. coli isolates, with 31 (34.4%)
had mutations at both Ser-83 and Asp-87, 24 (26.7%)
isolates had a mutation at Ser-83 and 14 (15.6%) had
a mutation at Asp-87. Ciprofloxacin MIC levels of these
isolates are summarized in Table 4.

Out of the 90 FQ-resistant E. coli isolates, 73 (80.1%)
isolates were positive for at least one PMQR gene. The
most frequently occurred PMQR gene was aac(6')-1b-cr,
being found in 55/90 (61.1%) isolates, followed by gnrS
39/90 (43.3%), then by gnrB 20/90 (22.2%), and gepA4 9/
90 (10%). gnrA gene was not found in any of the isolates

Table 2 Primer Sets Used for Detection of PMQR Genes

PMQR Genes Primer Sequence (5'-3') Product Size Reference

qnrA F: AGA GGATTT CTC ACG CCA GG 580 Cattoir et al'*
R: TGC CAG GCA CAG ATC TTG AC

gnrB* F: GGM ATH GAA ATT CGC CAC TG 264 Cattoir et al'*
R: TTT GCY GYY CGC CAG TCG AA

gnrS F: GCA AGT TCATTG AAC AGG GT 428 Cattoir et al'*

R: TCT AAA CCG TCG AGT TCG GCG

aac(6')-Ib-cr

F: TTG GAA GCG GGG ACG GAM 260
R: ACA CGG CTG GAC CAT A

Wareham et al'®

qepA

F: GCA GGT CCA GCA GCG GGT AG 199
R: CTT CCT GCC CGA GTATCG TG

Le et al'®

Notes:®M=AorC,H=AorCorT,Y=CorT.
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Table 3 Antibiotic Susceptibility Pattern of FQ-Resistant E. coli
Isolates (No 90)

Antibiotics Antimicrobial Susceptibility Pattern
Sensitive Intermediate | Resistance
No | % No % No | %
Ciprofloxacin - - - - 90 100%
Levofloxacin - - - - 90 100%
Imipenem 73 | 81.1% [ IS5 16.7% 2 2.2%
Meropenem 90 100 - - - -
Amikacin 44 | 489% | 7 7.8% 39 | 43.3%
Gentamicin 14 15.5% | 8 8.9% 68 | 75.6%
Amoxicillin/ 15 16.7% | — - 75 | 833%
Clavulanic acid
Aztreonam 12 13.3% | 6 6.7% 72 80%
Cefoxitin - - - - 90 100%
Ceftazidime - - - - 90 100%
Cefepime - - - - 90 100%
Trimethoprim- 7 7.8% - - 83 | 92.2%
Sulfamethoxazole
Nitrofurantoin 46 51.L1% | 5 5.6% 39 43.3%

tested here. The aac(6')-Ib-cr gene was the most frequent
either alone (14/90) or in combination with gnrS and/or
gnrB (41/90). The gnrS and gnrB genes coexisted in 6
isolates.

Accordingly, FQ resistance was assumed to be due to
gyrA mutations only in 16 (17.8%) isolates. Among them,
10 isolates (62.5%) were associated with high-level

60

ciprofloxacin resistance (MIC > 32 pg/mL), and to be
due to PMQR only in 20 (22.2%) isolates in which high-
level ciprofloxacin resistance was detected in 3 isolates
(15%). Both chromosomal mutations and plasmid deter-
minants were present together in 53 (58.9%) isolates, of
them 39 (73.6%) exhibited high-level ciprofloxacin resis-
tance. Only one isolate was negative for both gyr4 muta-
tion and PMQR, although its ciprofloxacin MIC was
16 pg/mL (Table 5).

Discussion
Uropathogenic E. coli (UPEC) infections and their treat-
ment have a global burden in healthcare management. FQ
constitutes an important line in the treatment of UPEC;
however, their extensive use had led to a spread of quino-
lone-resistant strains worldwide, particularly in developing
countries.'®

In this study, the FQ resistance rate among UPEC was
found to be 46.8%. This comes consistent with the pre-
vious published rate in Egypt (41.3%)."” On the global
level, the rate varies from 35% to 57% in different geo-
graphical areas.’® A higher rate was reported in Iran (45.-
3-61.9%) and an extremely higher rate was documented in
Pakistan (84.2%).>'** These high rates could be explained
by the wide and inappropriate use of quinolones as empiri-
cal treatment in UTIs. On the other hand, an obviously
lower rate (5.3%) was reported by Sotto et al in France in
E. coli isolates collected from hospitalized patients with

20

E. coliisolates [N}

10

2 (2.2%) 2 (2.2%)

52 (57.8%)

26 (28.9%)

8 (8.9%)

0 L

4 8

16 32 >32

Ciprofioxacin MIC {ug/ml)

Figure | Ciprofloxacin MIC of FQ-resistant E. coli isolates.
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Table 4 Number of FQ-Resistant E. coli Isolates Harboring gyrA
Gene Mutations and Their Corresponding Ciprofloxacin MIC

(ng/mL)

MIC | 4|8 | 16 | 32 | >32 | Total No

gyrA Mutation (90)

Wild type (no mutation) 21116 9 3 21 (23.3%)
Mutation (Ser-83 & Asp-87) | - | - | | 7 23 31 (34.4%)
Mutation (Ser-83) - -1 4 19 24 (26.7%)
Mutation (Asp-87) - ry- 6 7 14 (15.6%)
Total No. of isolates with - {2 17 | 49 69 (76.7%)

gyrA mutation

Table 5 Number of FQ-Resistant E. coli Isolates with Resistance
Determinants and Their Corresponding Ciprofloxacin MIC (ug/mL)

MIC | 48| 16| 32| >32 | Total No
Resistance (90)
Determinant
gyrA mutation only -{1r]2 3 10 16 (17.8%)
PMQR only 2115 9 3 20 (22.2%)
gyrA and PMQR -1-1- 14 [ 39 53 (58.9%)
Absence of gyrA & PMQR -1 -11 - - 1 (1.1%)

acute UTL> This obvious variation has been documented
previously where FQ resistance among UPEC has been
shown to vary significantly in different regions and coun-
tries, recording the highest levels in developing countries
and the lowest in North Europe.*°

Nearly all FQ-resistant UPEC isolates in this study (89/
90) were also resistant to at least one agent in at least three
of the tested antimicrobial classes exhibiting an MDR
profile or even an XDR one. This could be attributed to
the coexistence of FQ resistance genes along with the
genetic determinants of other antimicrobials, in particular,
on mobile genetic elements. Similar findings were pre-
viously reported in different parts of the world.'****> On
the other hand, lower resistance rates of FQ-resistant
UPEC to different antimicrobials were observed by Sotto
et al in France.”® This variation could be due to the more
adequate antibiotic prescription policy followed in devel-
oped countries as in France.

In our hospitals, the most commonly used antibiotics for
the treatment of UTIs are quinolones, trimethoprim-sulfa-
methoxazole and cephalosporins. This may explain our anti-
biotic susceptibility results, where the highest rates of
resistance were found to broad-spectrum cephalosporin
(100%) (92.2%)).
Meanwhile, we found the isolates remain sensitive to

and trimethoprim-sulfamethoxazole

meropenem (100%), imipenem (81.1%) followed by nitrofur-
antoin (51.1%). Similar findings were previously reported by
El-Mahdy et al in Egypt,'® which may reflect the implementa-
tion of a similar antibiotic policy in managing UTI in different
Egyptian hospitals. Our result comes also similar to the find-
ings of Majlesi et al who reported that FQ-resistant
Enterobacteriaceae isolates showed multidrug resistance to
other antimicrobial agents like amoxicillin-clavulanic acid,
cefoxitin, ceftazidime, cefotaxime, cefepime, aztreonam, tet-
racyclines, rifampicin, and trimethoprim-sulfamethoxazole,
but remain susceptible to carbapenem antibiotics.”®

Regarding the mutations in the gyr4 gene, 76.7% of FQ-
resistant UPEC isolates, in this study, had at least a single
mutation, with more than one-third of the isolates (34.4%)
harbored double mutations at both Ser-83 and Asp-87.
Mutation at Ser-83 only was detected in 24 (26.7%) isolates,
while 14 (15.6%) isolates had a mutation at Asp-87. High
frequency of gyr4 mutations has been reported previously.
Shenagari et al reported that 55.2% of UPEC isolates were
found to have a mutation at codon 83.2' An even higher ratio
was recorded by El-Mahdy et al where 73.5% of ciproflox-
acin-resistant E. coli were found to have double mutations at
both Ser-83 and Asp-87, with 26.5% having a single muta-
tion at Asp-87.'? In Brazil, Minarini et al reported that 47.7%
of ciprofloxacin-resistant E. coli isolates from both commu-
nity- and hospital-acquired infections showed double muta-
tions at gyrd gene.>’ This supports the high frequency found
in this work. In contrast, a lower incidence was reported
previously in Japan by Ozeki et al where only 18.1% of
E. coli isolates derived from UTI had mutation in gyrd,
with the incidence of mutation at Ser-83, at Asp-87, and at
both codons have been found to be 10.4%, 4.4% and 3.3%,
respectively.'* In the study of Ozeki et al, all urinary-derived
E. coli isolates were included, in contrast, we targeted only
FQ-resistant isolates, which explains the higher incidence of
mutations in this study.

Strains with double mutations, in this study, were
commonly associated with high-level ciprofloxacin resis-
tance (23/31, 74.2%). This ratio was found to be lower in
strains with a single mutation in gyr4 (26/38, 68.4%). This
is consistent with what has been declared by different
authors where a correlation between FQ MIC and the
number of mutations has been found and that strains
with double mutations were significantly more quinolone-
resistant than those with a single mutation.”'*2®

Nevertheless, a strain with a single gyrd mutation
could have a greater opportunity to acquire additional
resistant mutations during therapy which may predispose
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to failure of therapy, particularly upon repeated usage of
the same drug.®*°

Although chromosomal mutations play an important role
in conferring a high level of quinolone resistance, researchers
believe that PMQR may contribute to an increase in quino-
lone resistance in clinical isolates of E. coli.>*

In this study, the prevalence of PMQR genes was 80.1%,
with aac(6')-Ib-cr gene being the most prevalent (61.1%),
followed by gnrS (43.3%) and gnrB (22.2%); gepA gene had
alow frequency (10%) and gnrA was not detected. The aac(6)-
Ib-cr gene either existed alone or in combination with gnrS
and/or gnrB. The gnrS and gnrB genes coexisted in 6 isolates.

The incidence and distribution of PMQR genes differ
widely. A high prevalence of gnr genes was reported by Le
et al, particularly gnrS gene, among antibiotic-resistant mem-
bers of intestinal Enterobacteriaceae.'® High prevalence of
PMQR determinants was also reported by El-sayed Marei
et al among both extended-spectrum beta-lactamases
(ESBLs) and non-ESBLs producing Enterobacteriaceae iso-
lates (93.1% and 76%, respectively) from UTL?' In another
study carried out by Khalil et al, a prevalence of PMQR
genes of 85.7% was found among ESBLs producing
Enterobacteriaceae clinical isolates, with aac(6')-Ib-cr gene
being the most prevalent (72.7%), followed by gnr genes
(39.3%),>? which comes consistent with our result.

Lower prevalence of PMQR was reported in other
studies and in contrast to our finding, very low incidences
(<1%) were reported by other researchers.®"?-**

This obvious difference in the prevalence of different
PMQR genes could be associated with the geographical
distribution of these genes, differences in antibiotic resis-
tance pattern, antibiotic uses and probably infection control
policies. In spite of these differences, aac(6')-Ib-cr gene
appears to be widely prevalent whether in this study or in
others. Additionally, the aac(6)-Ib-cr gene was observed
more frequently than gnr genes among Enterobacteriaceae
clinical isolates in different previous studies.>**>>*® This
comes to support our result.

In addition to its wide distribution, the findings of this
study further demonstrated that among PMQR determi-
nants, aac(6')-Ib-cr existed alone in 14 isolates, 7 of
them (50%) exhibited ciprofloxacin MIC higher than
32ug/mL (Supplementary data). Though this high level

of resistance could be partly explained by the co-
existence of gyr4 mutations in 6 isolates, it may yet reveal
the possible importance of this gene.

Despite the arising debate about the significance of aac(6)-
Ib-cr gene, due to its limited targets (ciprofloxacin and

norfloxacin) and its presence in ciprofloxacin-susceptible
isolates,” researchers still believe that this enzyme plays an
important role in FQ resistance for many reasons. First, aac
(6)-Ib-cr is
Enterobacteriaceae than gnr determinants. Secondly, although

more prevalent in clinical isolates of
it confers a low-level of resistance, it can become high-level
resistance when both gnr and aac(6')-Ib-cr coexist in the same
cell. Thirdly, the presence of aac(6')-Ib-cr can facilitate the
selection of chromosomal mutants with a higher level of cipro-
floxacin resistance upon exposure to ciprofloxacin.’’

The results of the current work revealed that high-level
ciprofloxacin resistance (MIC > 32 pg/mL) was detected
in 3/20 isolates having PMQR genes, in the absence of
gyr4 mutations. This finding could be partly attributed to
the existence of other chromosomal mutations, eg, parC
mutations, which were not tested in this work. However,
the contribution of other chromosomal mutations solely to
high-level ciprofloxacin resistance in gram-negative bac-
teria is controversial and has been found to be secondary
to gyrA mutations.*®>° Furthermore, UPEC isolates that
had PMQR in combination, eg, aac(6')-Ib-cr combined
with gnr genes, in this study, exhibited higher ciproflox-
acin MIC than those with a single PMQR (Supplementary
data). The possibility of gnrS and gnrB gene co-existence
has been previously reported, but this combination did not
have any additional effect on ciprofloxacin resistance.*’ In
contrast, strains carrying the gnrS, gnrB and aac(6')-1b-cr,
in the absence of mutation in the gyr4 gene, were found to
be fully resistant to ciprofloxacin.'® Moreover, the combi-
nation of plasmid determinants working in a different
manner, as gnrS and gnrB, protecting DNA gyrase, and
aac(6')-Ib-cr, modifying ciprofloxacin, was found to
increase the resistance to ciprofloxacin.'® This supports
our findings and further demonstrates that the effect of
PMQR genes on FQ MIC appears to be reliant on the
number and type of PMQR genes carried by the bacteria.

Only one isolate in this study was negative for both
gyrA mutations and PMQR, though being resistant to
quinolone. This may be attributed to the simultaneous
presence of mutations in parC gene or another different
mechanism as impermeability of the membrane that is not
investigated in our study.

Still, there are some limitations in our study as the lack
of sequencing to confirm the results of PCR-RFLP and to
detect the exact status of base substitution among the
mutant strains. Also, the lack of analysis of chromosomal

mutations at genes other than the gyr4 gene, which could
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give a more complete picture of FQ resistance determi-

nants in UPEC isolates.

Conclusion
Chromosomal mutations in gyr4 gene and PMQR deter-

minants are widely prevalent among UPEC isolates and

they contribute to high-level FQ resistance which necessi-

tates periodic surveillance of the microbial population and

probably, revision of the antibiotic policy used in UTI

treatment in our hospital.
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