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ABSTRACT

Background: Quinolone-resistant enterobacterial isolates have spread largely across
hospitals and community in last years. In Tunisia, numerous studies describe the
emergence of plasmid mediated quinolone resistance (PMQR) genes among
Enterobacteriaceae. Objective: Detection of PMQR genes among a collection of
enetrobacterial isolates recovered in the Tahar Sfar University Hospital in Tunisia and in
the community. Methods: In vitro antimicrobial susceptibility testing, extended-spectrum
B-lactamases, and PMQR genes were detected using PCR. Clonality of isolates was
assessed by enterobacterial repetitive intergenic consensus PCR (ERIC-PCR). Results: In
this work, 1710 enterobacterial isolates were recovered in the Tahar Sfar University
Hospital in Tunisia between January 2012 and March 2013. Eighty of them were resistant
to nalidixic acid: 61 isolates and 19 isolates were isolated from nosocomial and
community cases respectively. Detection of PMQR genes leads to the identification of 7
and 8 QnrB producers in nosocomial and community acquired strains respectively. The
gnrS PMQR gene was less present with 5/61 cases in nosocomial starins and 1/19 case in
community one. The most predominant Extended Spectrum Beta Lactamase (ESBL)
ESBL was the CTX-M-type one. According to ERIC-PCR profiles, we note a multiclonal
dissemination with 12 different profiles in hospital-acquired strains and 9 profiles in
community enterobacterial isolates. This result re-emphasize the widely distribution of the
QNRB genes and their role in resistance to fluoroquinolones. Conclusions: We noticed
high prevalence of PMQR genes in human enterobacterial isolates recovered either in
clinical and community context.

Introduction

Enterobacteriaceae are common human

bloodstream infections in both community and
hospital settings [1-3].

pathogens which can cause a broad range of diseases The increased rate of enterobacterial
including urinary tract infections, pneumonia and infections is associated with a rising trends of

DOI: 10.21608/MID.2024.279518.1865
* Corresponding author: Wejdene Mansour
E-mail address: wejdene.mansour@gmail.com
© 2020 The author (s). Published by Zagazig University. This is an open access article under the CC BY 4.0 license https://creativecommons.org/licenses/by/4.0/.


https://mid.journals.ekb.eg/
https://creativecommons.org/licenses/by/4.0/

Bahri s. etal./ Microbes and Infectious Diseases 2024; 5(4): 1431-1437

1432

antibiotic use and subsequent resistance in
commonly implicated species like Escherichia
coli and Klebsiella pneumoniae [4].

Fluoroquinolones are characterized as
broad-spectrum antibacterial drugs active against
both gram positive and gram negative bacteria.
Besides broad-spectrum activity, the success of
fluoroquinolones can be attributed to the fact that
they have equivalent oral and intravenous
bioavailability , relatively low toxicity and favorable
pharmacokinetics [5] .

Fluoroquinolones resistant enterobacterial
isolates have been increasingly reported worldwide
[6] and in Tunisia [7, 8]. This bacterial resistance to
quinolones can be classified into three categories: i-
resistance mutation in the target site of quinolone, ii-
plasmids carrying quinolone resistance genes, also
named plasmid mediated quinolone resistance
(PMQR): gnr genes, AAC (6)-lb-cr and efflux
pumps and iii- the down regulation of porins
expression [9].

The aim of this retrospective study was to
characterize PMQR-producing  enterobacterial
isolates recovered in Taher Sfar University Hospital
in Mahdia, Tunisia, in order to investigate the
epidemiology of PMQR genes, and to demonstrate
possible commonalities between healthcare-
associated and community-acquired  clinical
enterobacterial isolates.

MATERIALS AND METHODS
Bacterial strains

From January 2012 to March 2013, a total
of 1710 non-repetitive enterobacterial isolates were
consecutively obtained both from clinical specimens
of different wards of the Taher Sfar hospital in
Mahdia, Tunisia, and from samples recovered from
community-acquired infections. Strains resistant to
nalidixic acid were selected for this study:
nosocomial strains (n=61) and community-acquired
strains (n=19). Isolates were identified by using
Api20E system (BioMérieux, Marcy [’Etoile,
France).

Antimicrobial  susceptibility  testing and

extended-spectrum-beta-lactamase (ESBL)
screening
Antimicrobial susceptibility was

determined by the disk diffusion method on
Mueller-Hinton agar plates with B-lactam and non
B-lactam antibiotic-containing disks (Bio-Rad,
Marnes-la-coquette, France) according to the
guidelines of the “Comité de I’ Antibiogramme de la

Société Francaise de Microbiologie [10]. E. coli
ATCC 25922 was used as quality control. Double
Disk Synergy Test (DDST) was used to confirm
ESBL production.

Identification of the resistance genes

The 80 nalidixic resistant strains selected
for this study were screened by PCR for genes
encoding PMQR: gnrA, gnrB, gnrS, gnrC and gnrD
[11,12] . Isolates with a positive DDST (n=15) were
screened by PCR for genes encoding ESBLs using
primers targeting blacrx-m, blarem and blasnyv genes
[13-186].

Clonality of the isolates

The isolates were genotyped using
enterobacterial repetitive intergenic consensus PCR
(ERIC-PCR) methods with the primer ERIC-2, as
described previously [17].

Results
Epidemiological data and selection of strains

Between January 2012 and March 2013,
1710 clinical enterobacterial isolates were recovered
in the laboratory of microbiology of the Taher Sfar
University Hospital, among which 980 and 730 were
isolated from nosocomial and community-acquired
infections, respectively. Eighty strains were
resistant to nalidixic acid according to the laboratory
data and were selected for this study (Table 1).

Among the 1710 enterobacterial isolates,
1267 were identified as Escherichia coli (E.coli)
isolates, 61 between them were nalidixic acid
resistant. The second most prevalent enterobacterial
isolate was Klebsiella pneumoniae (K. pneumoniae)
(260/1710). Proteus mirabilis and Enterobacter
cloacae were identified in 84 and 43 cases
respectively. Species selected for this study are
presented in table 1.

The distribution of nalidixic resistant
isolates among the different hospital wards and the
community acquired origins is presented in Table 2.
Antimicrobial susceptibility testing and ESBL
screening

Nalidixic resistant enterobacterial isolates
exhibited various resistance phenotypes, including
to B-lactams (except carbapenems),
aminoglycosides and trimethoprim. Resistance to
ciprofloxacin and ofloxacin was variable.

DDST allowed to characterize 15 ESBL-
producing isolates, 9 of which were associated to
hospital-acquired infections and 4 to community-
acquired infections.
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Characterization of resistance genes

Table 3 summarizes molecular features of
PMQR and ESBL producing isolates.

In hospital-acquired infections, PMQR
genes involved in quinolone resistance were gnrB
and gnrSin 7 and 8 cases respectively. However, in
community, the gnrS gene was detected in only one
case (1/8) and gnrB was the most prevalent (8/9).
So, in total, we have detected 15 gnrB gene and 8
gnrS gene (23/80) meaning a prevalence of 28.75%.
In two strains of K. pneumoniae, K2 and K5, we
detect the two PMQR genes gnrB and gnrS in each
strain.

No gnrC or gnrD was detected.

By PCR, we identify 9 ESBL producing
isolates in hospital strains (9/12) and 6 in the
community one (6/9). Most isolates carried the
blactx-v ESBL gene with blarem gene in 11 cases.
SHV-enzyme was detected in three nosocomial
strains and one community acquired strain.

Clonality of studied strains

All strains were subjected to an ERIC-PCR
genotyping. We detect a multiclonal dissemination
of nalidixic resistant strains in the hospital and
community context. ERIC-PCR lead to the
identification of 12 ERIC-PCR profiles between the
nosocomial strains and 9 profiles between the
community one.

Table 1. Prevalence of nalidixic acid resistant enterobacterial isolates isolated in Tahar Sfar University Hospital

between January 2012 and March 2013

Species Number of enterobacterial Nalidixic acid resistant strains
strains
E.coli 1267 61
Klebsiella pneumonia 260 11
Klebsiella oxytoca 8 1
Klebsiella spp 1 0
Proteus mirabilis 84 3
Proteus vulgaris 7 0
Proteus spp 2 0
Enterobacter cloacae 43 1
Enterobacter aerogenes 6 1
Enterobacter spp 4 0
Citobacter freundii 4 0
Citobacter oliveras 1 0
Citobacter koseri 2 0
Providencia rettgeri 2 0
Providencia stuartii 3 0
Morganella morganii 10 1
Serratia marcescens 5 0
Salmonella 1 1
Total 1710 80
Table 2. Origin of studied strains resistant to nalidixic acid.
Origin Number (%)
Nosocomial Strains Medicine 20 (25)
(57,5%)
Surgery 8 (10)
Intensive Care Unit 5 (6.25)
Urology 3(3.75)
Pneumology 2 (2.5)
Nephrology 2 (2.5)
Pediatrics 2 (2.5)
Cardiology 2 (2.5)
Hemodialysis 1(1.25)
Gynecology 1(1.25)
Total Nosocomial Strains Total Nosocomial Strains | 46 (57.5)
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Community Acquired Strains Emergency 10 (12.5)

(42,5%)
Externe consultation 10 (12.5)
Dispensary 14 (17.5)

Total Community-Acquired Strains Total Community- 34 (42.5)
Acquired Strains

Total Number of strains Total Number of strains 80 (100)

Table 3. Characteristics of PMQR- producing enterobacterial isolates

Ward B-lactamase(s)
T Date of ; i
Isolate Identification isolation Specimen Non B-lactams resistance | and PMQR
genes
Nosocomial Strains
El Escherichia 01/27/2012 Surgery Urine CIP/NAL/SXT/OFL gnrS
coli
E2 Escherichia 05/../2012 Surgery Pus CIP/NAL/TM/GEN/SXT/OFL | blacTx-m, blatem,
coli gnrB
E3 Escherichia 05/17/2012 Medicine Urine CIP/NAL/TM/GEN/SXT/OFL | blactx-m, blatem,
coli gnrB
E4 Escherichia 02/18/2013 Medicine Urine CIP/NAL/TM/GEN/SXT/OFL | blactx-m, blatem,
coli gnrB
E5 Escherichia 03/02/2013 Medicine Urine CIP/NAL/TM/GEN/SXT/OFL | blactx-m, blatem,
coli gnrB
K1 Klebsiella 01/24/2012 Medicine Urine CIP/NAL/SXT/OFL gnrS
pneumoniae
K2 Klebsiella 02/02/2012 Urology Urine CIP/NAL/SXT/OFL blactx-m, blaskv,
pneumoniae gnrS, gnrB
K3 Klebsiella 02/03/2012 Hemodialysis | Urine CIP/NAL/TM/OFL blactx-m,
pneumoniae blatem,gnrS
K4 Klebsiella 05/12/2012 Nephrology Urine CIP/NAL/SXT/OFL blacTx-m, blashv,
pneumoniae gnrs
K5 Klebsiella 07/14/2012 Surgery Urine CIP/NAL/TM/GEN/SXT/OFL | blactx-m, blasnv,
pneumoniae gnrS, gnrB
K6 Klebsiella 02/18/2013 Medicine Urine CIP/NAL/ OFL blactx-m, blatem,
pneumoniae gnrs
K7 Klebsiella 02/20/2013 Medicine Urine CIP/NAL/TM/SXT/OFL gnrB
pneumoniae
Community-acquired strains
CE1l Escherichia 02/03/2012 Community Urine NAL/TM/ SXT/OFL blactx-m, blarem,
coli gnrB
CE2 Escherichia 02/02/2013 Community Urine CIP/NAL/TM/GEN/SXT/OFL | blactx-m, blatem,
coli gnrB
CE3 Escherichia 02/02/2013 Community Urine CIP/NAL/ OFL blactx-m, blarem,
coli gnrS
CE4 Escherichia 02/16/2013 Community Urine NAL/TM/ GEN/SXT/OFL gnrB
coli
CE5 Escherichia 02/21/2013 Community Urine CIP/NAL/TM/SXT/OFL blactx-m, blatem,
coli gnrB
CK1 Klebsiella 02/18/2013 Community Epithelial Cell | CIP/NAL/SXT/OFL gnrB
pneumoniae
CK2 Klebsiella 03/06/2013 Community Urine CIP/NAL/TM/GEN/ OFL blactx-m, blatem,
pneumoniae gnrB
CEncl Enterobacter 06/14/2012 Community Urine CIP/NAL/TM/GEN/SXT/OFL | blaskv, gqnrB
cloacae
CM1 Morganella 02/24/2013 Community Urine CIP/NAL/ GEN/ OFL gnrB
morgannii

CIP: ciprofloxacin, NAL: Nalidixic acid, SXT: Trimethoprim-sulfamethoxazol, OFL: Ofloxacin, TM: tobramycin, GEN: gentamicin, CIP:

ciprofloxacin
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Discussion

Increasing frequency of drug resistance
among Enterobacteriaceae in recent years is a major
public health concern. These bacteria are at the
origin of community-acquired and nosocomial
infections and it is common to use quinolones or
fluoroquinolones  such as nalidixic  acid,
ciprofloxacin, and norfloxacin for the treatment of
this kind of infections.

The spread of quinolone resistance in
bacteria is related to different mechanisms such as
chromosomal mutations or resistance genes
transferred by plasmids. The gnr genes have been
poorly studied in Tunisia and especially in the Tahar
Sfar University Hospital in Mahdia; therefore, this
study aimed to investigate the prevalence of
nalidixic acid resistance and the presence of gnr
genes in our structure and in community between
January 2012 and March 2013.

In this study 80 of 1710 enterobacterales
isolates were resistant to nalidixic acid (4,68%); a
similar rate is described for nosocomial strains
(46/980): 4,7% and community-acquired strains (
34/730): 4,65%. Occurence of gnr genes was in 14
(30.42%) and in 9 (26,47%) nosocomial and
community acquired strains respectively.

Neither the gnrA, C and D genes were
detected in our collection. gnrB gene was found in
7/12 hospital-associated isolates and in 8/9
community-associated isolates. This result is in
concordance with previous data in Tunisia and in the
world relating to the high prevalence of detection of
gnrB gene. The plasmid-mediated quinolone
resistance mechanisms represent a great potential
for horizontal spread. They were detected
worldwide and few studies explain their prevalence
in North Africa and in Tunisia [18].

Fifteen out of 21 of the PMQR producing
isolates are also ESBL-producing
Enterobacteriaceae. In our structure, a large
dissemination of blactx-mis was described in a
previous study [18]. Here, we confirm the
predominance of this enzyme (14/15) in
multiresistant enterobacteriaceae isolated in Taher
Sfar University Hospital.

All K. pneumoniae isolates harbored the
blacrx-mi-group gene, mostly together with the blarem-
gene. In addition, the blashv-iike genes were rare, and
confirm the replacement of SHV K. pneumoniae
producers with CTX-M-one [20]. A strong
association between ESBL production and
quinolone resistance has been largely reported in

Enterobacteriaceae [21-22]. Significant association
between the presence of bla and gnr genes is of
serious concern since quinolone resistant ESBL
bacteria has limited treatment options. There is a
confirmed potential of co-dissemination by
horizontal gene transfer of resistance to R-lactams
and quinolones and this finding could be confirmed
by further molecular studies and plasmid
characterization.

Finally, the diversity of ERIC-PCR profiles
in the hospital and the community contexts could be
explained by a dissemination of different clones in
the hospital in addition to the dissemination of
particular one.

This study reports the prevalence of PMQR
genes in human enterobacterial isolates recovered
either in clinical and community context. The spread
of the resistance in our country reinforce the crucial
need for antimicrobial surveillance and specially to
limitate the indiscriminate use of antibiotic.
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