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Background: Quinolones are a family of synthetic antimicrobial agents with a broad
antibacterial activity commonly used as a suitable therapy in patients with urinary tract
infection (UTI). In the present study, we aimed to evaluate the prevalence of quinolones
resistance and the presence of plasmid-mediated quinolone resistance (PMQR) genes among
Escherichia coli isolates.

Methods: This study was performed on a collection of 121 E. coli isolates derived from
patients with UTI. Antimicrobial susceptibility to nalidixic acid, ciprofloxacin, levofloxacin,
norfloxacin, and ofloxacin was specified by the disk diffusion method. The presence of
PMQR genes was determined by PCR method.

Results: Antibiotic susceptibility results showed that the highest and lowest resistance rates
were against nalidixic acid (71.9%) and norfloxacin (44.6%), respectively. The molecular
results showed that 40 (33.1%) and 15 (12.4%) of the isolates were positive for gnrS and
gnrB genes, respectively. Meanwhile, 5 (4.1%) of the isolates were found positive for both
genes, while none were found to be positive for gnrd gene. There was no significant
association between the presence of gnr genes and higher antibiotic resistance.
Conclusion: We found high levels of quinolones resistance (more than 40%) among E. coli
strains isolated from patients with UTIs in the south of Iran. We further report the prevalence
of PMQR genes among uropathogenic E. coli; however, it seems that these genes are not the
main components of quinolone resistance in our region.
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Introduction
Among the wide range of uropathogens conducing to the development of urinary
tract infections (UTIs), uropathogenic Escherichia coli (UPEC) strains are consid-
ered as the main causative agents." UPEC account for the preponderance of both
community- and hospital-acquired UTIs." Several risk factors including renal dis-
eases increase the risk of UTI; however, the treatment of infection more often do
not require antimicrobial therapy.>> Over the recent years, antibiotic therapy of UTI
has become problematic due to the misuse and irregular consumption of antibiotics
entailing the emergence of resistant strains.* E. coli may be resistant to various
types of antibiotics and act in different ways to transfer antibiotic resistance genes
to other strains and bacteria such as transposon, bacteriophage, and plasmid.’
Quinolones are a family of synthetic antimicrobial agents with a broad anti-
bacterial activity commonly used as a suitable therapy in patients with UTL®’ This
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family has been classified into four generations based on
their antimicrobial activity. The most well-known quino-
lone antibiotics are nalidixic acid, ciprofloxacin, and levo-
floxacin as members of the first, second, and third
generations, respectively.® Quinolones prevent bacterial
DNA synthesis through inhibiting DNA gyrase and topoi-
somerase IV enzymes leading to cell death.® Quinolone
resistance is caused by various mechanisms, particularly
plasmid-mediated quinolone resistance (PMQR) which
contains the pentapeptide repeat family Qnr proteins
(QnrA, QnrB, QnrS, QnrC, and QnrD). These proteins
confer quinolone resistance by physically protecting
DNA gyrase and topoisomerase IV from quinolone acts.®
This condition may provide a selective advantage for the
development of quinolone resistance which could result in
therapeutic failure.’

Due to the high horizontal gene transferring capability
of E. coli, it is necessary to estimate the burden and
control the spread of quinolone-resistant strains in hospi-
tals. In this study, we aimed to evaluate the prevalence of
quinolones resistance and the presence of PMQR genes in
E. coli strains isolated from Iranian patients with UTIL, in
order to categorize the genes with a more significant role
in the development of resistance to quinolones in our
region.

Materials and methods

Study design and Escherichia coli samples
This study was performed on a collection of 121 non-
duplicated E. coli isolates (one per patient) derived from
patients with UTI in our previous work.'® Samples were
collected from November 2016 to May 2017 from inpati-
ents who presented with symptomatic UTI at a tertiary
care hospital (Nemazee) in Shiraz, the south of Iran. The
patients had not received antibiotics at least one week
before the sample collection. The mixed growth of bac-
teria was considered as contamination and was excluded.
The study design was in accordance with the declaration
of Helsinki and ethical permission was sought previously
from the institutional Ethics Committee of Shiraz
University of Medical Sciences (Approval No. IR.SUMS.
REC.1395.S747). However, because only leftovers from
clinical specimens were used, the local ethics committee
waived the need for informed consent. E. coli isolates
were identified by standard microbiological tests and API
20E strip (API-bioMérieux, France). Confirmed E. coli
isolates were preserved at —80°C for further works.

Quinolones susceptibility testing

The susceptibility of isolates toward five quinolone anti-
biotics including nalidixic acid, ciprofloxacin, levofloxa-
cin, norfloxacin, and ofloxacin was investigated by
standard disk diffusion technique on Muller-Hinton agar
(Merck, Germany) plates according to the clinical and
laboratory standards institute (CLSI) guidelines.'' All anti-
biotic disks were provided from Mast Co., UK. The plates
were then incubated at 37°C for 16-18 hrs. E. coli ATCC
25922 was used as a quality control strain for antibiotic
susceptibility testing. Based on antibiotic susceptibility
results, fluoroquinolones resistant and nalidixic acid non-
susceptible (resistant or intermediate) isolates were classi-
fied as high-level quinolone-resistant bacteria.'* Extended
spectrum B-lactamases (ESBLs) production was tested
using the double-disk synergy test elsewhere.'’

Detection of Qnr encoding genes

The bacterial whole genome was extracted by the boiling
method as previously described.'> Polymerase chain
reaction (PCR) assays were performed for the detection
of gnr resistance genes including gnrd, gnrB, and gnrS.
The primers used to detect gnr genes were selected from
previously described sequences by Cattoirin and
colleagues.'"* PCR was done in a total volume of 25
pL containing 3 uL DNA template, 2.5 uL PCR buffer
(1X), 1 pL deoxyribonucleotide triphosphates solution
(dNTPs, 200 puM), 1.5 pL MgCl, (1.5 mM), 0.25 pL
Taq DNA polymerase (1 Unit), and 1 pL each specific
primers (1 pM). PCR amplifications for the studied
genes were carried out on a T100™ thermal cycler (Bio-
Rad, Hercules, CA, USA). The cycling conditions were
set up as follows: 95°C for 5 mins (step 1), 95°C for 1
min (step 2), annealing for 45 sec (step 3), 72°C for 1
min (step 4), and 72°C for 5 mins (step 5); steps 2—4
were repeated for 30 cycles. The amplifications were
separated on 1.5% agarose gel prepared in 1X TAE
(Tris/Acetate/EDTA) buffer and visualized using ultra-
violet light after staining with safe stain load dye

(CinnaGen Co., Iran).

Statistical analysis

The analysis was performed through the use of SPSS™
software, version 21.0 (IBM Corp., USA). The results are
presented as descriptive statistics in terms of relative fre-
quency. Categorical variables were expressed as counts
and percentages. The Chi-square (y*) or Fisher’s exact
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tests were performed to analyze significant differences.
AP -value <0.05 was considered as statistically significant.

Results

Analysis of antibiotic susceptibility tests showed that the
highest and lowest resistance rates were against nalidixic
acid (71.9%) and norfloxacin (44.6%), respectively. The full
results of antibiotic susceptibility assay for E. coli isolates
are shown in Table 1. Moreover, 60 (49.6%) of E. coli
isolates were classified as high-level quinolone-resistant.

The molecular results showed that 40 (33.1%) and 15
(12.4%) of the isolates were positive for gnrS and gnrB
genes, respectively (Figure 1). Meanwhile, 5 (4.1%) of the
isolates were found positive for both genes, while none
were found to be positive for gnr4 gene. In addition, 50
(41.3%) of the isolates were gnr positive. The distribution
of gnmr-positive isolates in different hospital units was
almost the same; however, the positivity rate in the trans-
plant unit was high (Data not shown).

There was no significant association between gnr genes
and higher antibiotic resistance. However, gnrS gene was
found to be relatively higher than gnrB gene among anti-
biotic-resistant isolates (Table 2). Meanwhile, it seems that

Table | The antibiotic susceptibility testing results of 121 E. coli
isolates

Antibiotic Resistant | Intermediate- Susceptible
No. (%) resistant No. (%) No. (%)
Nalidixic acid | 87 (71.9) I 9.1 23 (19)
Ciprofloxacin | 59 (48.4) 12 (9.9) 50 (41.3)
Levofloxacin | 58 (47.9) 3 (2.5) 60 (49.6)
Ofloxacin 56 (46.3) 4 (3.3) 61 (50.4)
Norfloxacin 54 (44.6) 5@4.1) 62 (51.2)

gnr genes are more likely to occur in nalidixic acid resistant
rather than fluoroquinolones-resistant isolates.

Of totally 51 ESBLs producing isolates, 14 (25.7%)
and 6 (11.8%) isolates contained gnrS and gnrB genes,
respectively. Distribution of gnr genes among ESBLs-
producing isolates in relation to quinolones susceptibility
is presented in Table 3. The proportion of gnrS gene
among ESBLs-producing quinolone-resistant isolates com-
pared to susceptible isolates was relatively high, but the
differences were not statistically significant. The propor-
tion of gnrB gene was more prevalent among ESBLs-
producing quinolone-susceptible isolates.

Discussion

The extensive use of quinolone antibiotics in poultry
production and human medicine is associated with the
increasing emergence of quinolone-resistant strains.®
Here, we investigated the quinolones resistance among
a collection of UPEC in one of the largest tertiary care
hospitals in the south of Iran in order to inform physi-
cians as to the regional antibiotic resistance rates and
further conduce to the international data to ameliorate
antimicrobial stewardship programs. In the present
study, the rate of quinolones resistance exceeded 40%,
which discourages the empirical use of quinolones in our
region since the risk of treatment failure increases when
resistance rates exceed 10% to 20%.'>'® However, the
evidence is insufficient to make a recommendation
against using quinolones since no alternative oral antimi-
crobial options are available for the treatment of
pyelonephritis.'” Currently, the incidence of trimetho-
prim-sulfamethoxazole and amoxicillin-clavulanate resis-
tant E. coli approach or exceed from quinolones-resistant

rate depending on the geographical region.'® Other oral

Figure | Agarose gel electrophoresis of PCR products for gnrB and gnrS genes. M: 100 bp DNA size marker.
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agents such as cephalosporins, nitrofurantoin, and fosfo-

mycin are not recommended for treatment of
pyelonephritis.'® Also, a high drug concentration of qui-
nolones in urine can affect clinical outcomes of patients
with UTIs even those infected by resistant strains.'” So,
quinolones remain an important treatment option for
empirical therapy of complicated urinary tract infections
(cUTTIs), particularly after stratification of patients based
on predicted risk of antimicrobial resistance.*

The literature review indicates a high prevalence of qui-
nolones resistance in Iran. In 2014, Pouladfar et al showed
that 38.5% and 75% of E. coli isolates causing UTI in
children (in Shiraz) were resistant to ciprofloxacin and nali-
dixic acid, respectively, which is very close to the findings of
the present research.”’ Shenagari et al (2017) showed 45.3%
resistance to norfloxacin, 48.9% to ofloxacin, 50.2% to cipro-
floxacin, and 61.9% to nalidixic acid among their UPEC in
Rasht (North of Iran).** Rezazadeh et al (2014-2015) found
55.5% resistance to norfloxacin, 56% to ciprofloxacin, 56%
to levofloxacin, 58% to gatifloxacin, and 66.5% to nalidixic
acid among E. coli strains isolated from UTI patients in
Qazvin (North of Iran) and Zanjan (Northwest of Iran).>®
Damavandi et al (2013 to 2014) observed 45% resistance to
norfloxacin, 48% to ciprofloxacin, and 62% to nalidixic acid
in the E. coli strains isolated from the inpatients of
Shahrekord (central Iran).** In contrast to our findings,
Sedighi et al (2010 to 2011) found 14.2% resistance to
ofloxacin, 15% to norfloxacin, 15% to ciprofloxacin, and
40.9% to nalidixic acid among their UPEC strains in
Hamadan (central Iran).”> Moreover, a recent systematic
review and meta-analysis study has shown that ciprofloxa-
cin-resistant E. coli in UTI is a global problem, where Asia
has the highest pooled resistance (50%).>°

Such a high prevalence of quinolone resistance may be
linked to dissemination of multidrug-resistant (MDR)
extraintestinal pathogenic E. coli (EXPEC) isolates.?’
Recent data from Iran suggest that E. coli sequence type
(ST) 131 has emerged as an important public health
concern.”®° This pandemic clone which was recognized
since 2000 is strongly associated with ESBLs, fluoroqui-
and  third-

nolone, trimethoprim-sulfamethoxazole,

generation cephalosporins resistance.?’'

In the present study, 41.3% of the isolates contained
gnr encoding genes, mainly gnrS. However, no significant
association was observed between the presence of gnr
genes and quinolone resistance. It seems that the Qnr
family is not the main mechanism of quinolone resistance

in E. coli in our region, and other mechanisms such as

point mutations in the gyrd and parC genes may play
a role.® However, it is supposed that PMQR genes can
be clinically important as they facilitate the selection of
higher levels of quinolone resistance.” In this regard,
there are several comparable reports pointing to the pre-
valence of gnr genes among E. coli isolates. Yousefi et al
found a high prevalence of gnrB (71.3%) and gnrS
(62.8%) genes with a significant association with quino-
lone resistance among UPEC strains in the north of Iran.*
Sedighi et al found gnrB in 6.7% and gnrS in 5% of UPEC
strains and a significant association between the quinolone
resistance and presence of gnr genes.”> Rezazadeh et al
observed a low level of gnrSI gene among quinolone-
resistant E. coli isolates, while gnrd and gnrB genes
were not found in any of the isolates.”® In yet another
study, Abbasi et al showed the prevalence of gnrS (36%)
and gnrB (25%) as the only detected gnr genes among
E. coli strains isolated from UTIs in Tehran.** Despite the
relative agreement on the higher prevalence of ¢gnrS and
gnrB genes among UPEC, the distribution of predominate
genes is varied over different regions. These variations in
results are consistent with observations from other Asian
countries such as Iraq,35 Pakis‘[an,36 Saudi Arabia,37
Korea,*® Taiwan,*” and China.*°

The present study encountered certain limitations such
as lack of investigation on other quinolone resistance
mechanisms. Furthermore, due to the lack of a molecular
typing method, there was no mention of the genetic relat-
edness of the quinolone-resistant strains.

Conclusion

In summary, we found a high level of quinolones resis-
tance (more than 40%) among FE. coli strains isolated
from patients with UTI in the south of Iran. Rational use
of antimicrobial policy as well as stopping the unneces-
sary prescription and non-prescription sales in retail
pharmacies can be performed as strategies to prevent
the increase of quinolones resistance. As the first pre-
liminary survey, we further report the prevalence of
PMQR genes among UPEC, while it seems that these
genes are not the main mechanism of quinolone resis-
tance. However, further studies are required to investi-
gate all other possible mechanisms in larger series.
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