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Abstract

Background Gram-negative bacteria with quinolone resistance and extended-spectrum beta-lactamases (ESBLs) present
significant treatment challenges. This study evaluated the prevalence and characteristics of quinolone resistance in Gram-
negative strains, investigating the relationship between plasmid-mediated quinolone resistance (PMQR), ESBLs, and
integrons.

Methods and results We collected 146 Gram-negative isolates from patients in three Palestinian hospitals. For quinolone
resistance isolates, the presence and characterization of PMQR, B-lactamase genes and integrons were studied by PCR and
sequencing. Out of 146 clinical isolates, 64 (43.8%) were resistant to quinolones, with 62 (97%) being multidrug-resistant
(MDR) and 33 (51.5%) ESBL-producers. PMQR-encoding genes were present in 45 (70.3%) isolates, including aac(6)-
Ib-cr (26.6%), gnrA (18.8%), gnrS1 (20.8%), and gnrB (6.4%). Blacrx_y genes were detected in 50% (32/64) of isolates,
with bla-rx_y— 15 being the most common. Blarg,_;, blagyy_, and blayy,, genes were found in 13, 6, and 4 isolates, respec-
tively. Class I integrons were found in 31/64 (48%) of isolates, with 14 containing gene cassettes conferring resistance to
trimethoprim (dhfrl17, dfrA12, dfrAl) and aminoglycosides resistance genes (aadAl, aadA2, aadA5, and aadA6).
Conclusions This study found a high rate of quinolone resistance, ESBL and integrons in clinical Gram-negative isolates
from our hospitals. Urgent measures are crucial, including implementing an antimicrobial resistance surveillance system, to
control and continuously monitor the development of antimicrobial resistance.

Keywords Quinolone resistance genes - Qnr genes - Extended-spectrum-beta-lactamase (ESBL) - Integrons - Multi-drug
resistant (MDR) - Gram negative bacteria

Introduction

Gram-negative bacteria pose a pervasive threat as the lead-
ing causes of a spectrum of severe infections, including
pneumonia, bloodstream infections, wound infections, and
meningitis. These infections are primarily caused by Kleb-
siella, Pseudomonas aeruginosa, and E. coli [1]. Gram-neg-
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ative bacteria are a major public health concern worldwide
due to their high resistance to most available antibiotics,
leading them to become multidrug-resistant (MDR). The
prevalence of infections caused by MDR Gram-negative
bacteria has witnessed a concerning increase [2]. MDR
Gram-negative strains hold pivotal clinical importance,
instigating a spectrum of high-risk infections that contribute
to elevated morbidity and mortality rates. The global impact
of these bacteria is exacerbated by the limited treatment
options available for such infections [3].
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Quinolone and fluoroquinolone are synthetic antimi-
crobials that disrupt bacterial DNA synthesis by inhibiting
bacterial topoisomerase type II and topoisomerase IV. They
are broad-spectrum agents used to treat infections caused
by both Gram-positive and Gram-negative bacteria [4].
However, the prolonged and improper use of quinolone
drugs has led to a significant increase in quinolone-resistant
isolates [2]. Several mechanisms of quinolone resistance
have been reported. These include mutations in chromo-
somal genes encoding the target enzymes DNA gyrase and
topoisomerase IV, as well as a decrease in the intracellular
concentration of fluoroquinolones due to efflux pump activ-
ity mediated by genes such as gepA, gepA2, and ogxAB
[5]. Additionally, plasmid-mediated quinolone resistance
(PMQR) determinants play a role in resistance mechanisms.
These include gnr genes and aac(6’)-1b-cr, which protect
the targets of quinolones through gnr proteins and hydrolyze
quinolones through the aac(6')-Ib-cr protein [4]. There are
five main family groups of gnr genes discovered on plas-
mids or chromosomes in bacteria, namely gnrA, gnrB, gnrC,
gnrD and gnrS [2]. Plasmids carrying quinolone resistance
genes can spread horizontally, leading to the accumulation
of chromosomal mutations that increase the resistance rate
and contribute to therapeutic failure [5].

The global incidence of extended-spectrum-beta-lacta-
mase (ESBL) producing Gram-negative bacteria, coupled
with quinolone resistance, is on the rise. Infections caused
by these strains have been associated with reduced treatment
efficacy, increased mortality and morbidity rates, prolonged
hospitalization and higher healthcare costs [5].

Several studies have confirmed a significant association
between ESBL-producing isolates and the presence of plas-
mid-mediated quinolone resistance (PMQR) determinants.
These studies have reported the presence of gnr genes and
aac (6°)-1b-cr in ESBL-producing isolates [4—8].

Integrons are genetic elements responsible for carrying
antibiotic resistance genes and facilitating their dissemina-
tion among different bacterial species. These elements are
transferred via mobile genetic elements, such as transposons
and plasmids [9]. Integrons consist of an integrase gene
(intl), an integration site (attl) and an attachment site (attC)
for gene cassettes. The attl serves as the target site for cas-
sette integration and contains a promoter [10]. Antimicro-
bial resistance genes are carried within integrated cassettes
in integrons, and these genes can spread through the transfer
of plasmids or transposons that contain the integrons. Inte-
grons are classified into different classes based on the int/
genes, with class I and II being the most predominant in
resistant clinical isolates [9].

Quinolone resistance has been reported to be increasing
in Palestine [11, 12], though few studies have investigated
the molecular mechanisms of quinolone resistance, and the
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association between PMQR with ESBL and integrons [13,
14]. This study aims to evaluate the prevalence and charac-
teristics of quinolone resistance in Gram-negative strains, as
well as explore the association between PMQR with ESBL
and integrons.

Materials and methods
Bacterial collection and identification

Over a 3 month period from March to June, 2013, a total
of 146 non-repetitive Gram-negative bacterial isolates were
collected from two Palestinian hospitals (Military Balsam
Hospital and Al- Shifa Hospital) and the AL-Remal Mar-
tyrs’ Health Center in Gaza strip, Palestine. These isolates
were isolated from various sources such as urine, wound
infections, enteric infections, blood, ear infections, and
sputum. The collected samples were transported to the
Laboratory of Microorganisms and Active Biomolecules
at the Faculty of Sciences of Tunis, University of Tunis El
Manar (Tunisia) following standard procedures for bacte-
rial isolation and identification. All isolates were plated on
Brain Heart Infusion Agar and MacConkey Agar. Bacterial
identification of the Gram-negative isolates was carried out
using conventional biochemical tests and the API 20E sys-
tem (BioMérieux, France). The interpretation of the results
interpretation was performed using the API web database.
To confirm the identity of the Gram-negative isolates, PCR
amplification and sequencing of the 16 S rRNA gene were
performed. After bacterial identification, the isolates were
stored in skim milk broth at -20 °C and — 80 °C for further
analysis.

Antimicrobial susceptibility test

The susceptibility of the Gram-negative isolates to quino-
lones (nalidixic acid, NAL; 30 pg) and fluoroquinolones
(ciprofloxacin, CIP; 5 pg)) was determined using the Kirby-
Bauer disk diffusion test. This test was performed follow-
ing the guidelines of the Clinical and Laboratory Standards
Institute (CLSI). In addition to quinolones, the sensitivity
of the isolates to other antibiotic agents was assessed. This
included B-lactam antibiotics such as ampicillin (AMP;
10 ng), cefoxitin (FOX; 30 pg), ceftazidime (CAZ; 30 ug),
cefotaxime (CTX; 30 pg), and amoxicillin—clavulanic acid
(AMC; 20/10 pg) (20/10). The sensitivity to imipenem
(IMP; 10 pg), a carbapenem antibiotic, was also tested.
Aminoglycosides including gentamicin (GM; 10 pg),
tobramycin (TOB; 10 pg), and kanamycin (GM; 30 nug),
were included in the susceptibility testing. Other antibiot-
ics assessed were trimethoprim—sulfamethoxazole (SXT;
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1.25/23.75 pg) and tetracycline (TET; 30 pg). Isolates that
exhibited low sensitivity to third-generation cephalosporins
were further screened for ESBL production using the dou-
ble-disk synergy method. This method involved testing the
isolates with ceftazidime and cefotaxime disks in the pres-
ence of a disk containing amoxicillin/ clavulanic acid [15].

DNA extraction and polymerase chain reaction
(PCR)

Genomic extraction was performed using the boiling
method. Bacterial colonies were suspended in 500 pl of
sterile distilled water and heated for 10 min at 100 °C. After
centrifugation for 10 min at 12,000 rpm, the supernatant
containing the genomic DNA was collected and stored at
-20 °C for later use in PCR [16]. The concentration and
purity of the extracted genomic DNA were evaluated using
a NanoDrop™ spectophotometer and UV light at 260/280
nm. The acceptable ratio value for all samples was within
the range of 1.7-1.9.

For PCR amplification, a final reaction volume of 25ulL
was used in a DNA thermal cycle (Applied Biosystems Ther-
mal Cycler). The PCR conditions consisted of three steps:
denaturation at 94 °C for 5 min, followed by 30—40 cycles
of denaturation at 94 °C for 30s, annealing step at a specific
temperature listed in Supplementary file S1 (delete table 1
here and add Supplementary file S1) for 30s and extension
at 72 °C for 1 min. A final extension step at 72 °C for 5 min
was performed. To visualize the amplified PCR fragments,
agarose gel electrophoresis was performed. A 1.5% agarose
gel in 1X TBE (Tris-borate-EDTA) buffer was used, and the
gel was run for 45-60 min at room temperature at 100 volts.
The individual bands representing the amplified gene frag-
ments were visualized under UV light after staining with
ethidium bromide, which acts as a fluorescent DNA stain.
Positive and negative controls were included in all PCR
amplifications conducted in the laboratory.

Quinolone resistance elements

To investigate the presence of plasmid-mediated quinolone
resistance (PMQR) genes, namely gnrd, gnrB, gqnrS, gepA
and aac(6’)-Ib, PCR amplification and sequencing were
performed. The quinolone resistance isolates were screened
for these genes using the methodology described in a previ-
ous study by [17] (Supplementary file S1).

Identification of B-lactamase genes and other
resistance genes

PCR assays were performed on B-lactam resistance iso-
lates for the detection of blacry_y blatey blagxa—y blagyys

blacyyy—, blayp, blayyy, blagpy blagyyy and blagy (Supple-
mentary file 1) [18].

Positive PCR reactions were sequenced to confirm
the specific variant of B-lactamase genes. The sequences
obtained were compared to the blast database of GenBank
(www.ncbi.nlm.nih.gov) for identification and characteriza-
tion purposes. In addition to B-lactamase genes, the pres-
ence of antibiotic resistance genes for sulfamethoxazole
[sull, sul3 and sul2], tetracycline [tet(A), tet(B), and tet(C)]
and aminoglycosides [aac(3)-1V, aac(3)-1, and aac(3)-11]
was detected using PCR [18].

Identification and characterization of integrons

In order to identify and characterize integrons, several PCR
assays were performed. The presence of intl/l and intl2
genes, which are associated with integrons, was inves-
tigated in quinolone resistance isolates. PCR was used to
screen for the presence of gacEAI +sull genes in 3’-con-
served regions of class 1 integrons. To detect the gene
contents within the variable region of integrons, PCR
amplification was performed, and the resulting amplicons
were sequenced. Detailed information regarding the primer
sequences and PCR conditions used for these experiments
are listed in Supplementary file S1 [19].

Results
Bacterial isolates

A total of 146 samples were collected. Of these, 76 (52.1%)
were obtained from patients admitted to Al-Shifa Hospital,
47 (32.2%) from Balsam Hospital and 23 (15.7%) from
Al-Remal Clinic. The frequency of microbial agents in
the infections in the present study was as follows: E. coli
accounted for 69 (47.3%) isolates, Pseudomonas spp. for
35 (24%) isolates, Klebsiella pneumoniae for 27 (18.5%)
isolates, Enterobacter cloacae for 4 (2.8%) isolates, Proteus
mirabilis for 3 (2.1%) isolates, Salmonella spp. for 3 (2.1%)
isolates, Serratia liquefacients for 2 (1.4%) isolates, Mor-
ganella morganii for 1 (0.7%) isolate, providencia rettegeri
for 1 (0.7%) isolate, and Pasteurella pneumotropica for 1
(0.7%) isolate. The frequency of microorganisms in terms
of the infection site is shown in Table 1. The most common
specimen sources were urine, accounting for 86 (58.9%)
samples, and wound infections, accounting for 44 (30.1%)
samples. Among the urine samples, E. coli was the most
prevalent strain, accounting for 60 (70%) isolates, followed
by K. pneumoniae with 13(15.1%) isolates, and Pseudomo-
nas spp. with 8 (9.3%) isolates. In the case of wound infec-
tions, Pseudomonas spp. was the most frequently isolated
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Table 1 Frequency of Gram-negative isolates according to the origins of infections in the present study

Urinary Tract Infections Wound infections Enteric infections Blood stream infections Ear infection Sputum Total

E. coli 60 9

Pseudomonas spp. 8 19 2
K. pneumoniae 13 10

S. liquefaciens 1 1
E. cloacae 4

P. mirabilis 3

Salmonella spp. 3
P. rettegeri 1

P. Pneumotropica 1

M. morganii 1

Total 86 44 6

69
2 3 1 35
3 1 27

2

4

3

3

1

1

1
5 4 1 146

Table 2 The frequency of quinolones resistance among qram-negative
isolates

Bacterial isolates Quinolones Quinolones Total
susceptible resistance

E. coli 41 (59.4%) 28 (40.6%) 69

E. cloacae 3 (75%) 1(25%) 4

K. pneumoniae 18 (66.7%) 9 (33.3%) 27

M. morganii 1 (100%) 0 1

P. pneumotropica 0 1 (100%) 1

P. mirabilis 3 (100%) 0 3

P. rettegeri 1 (100%) 0

Pseudomonas spp. 11 (31.4%) 24 (68.6%) 35

Salmonella spp. 3 (100%) 0 3

S. liquefaciens 1 (50%) 1 (50%) 2

Total 82 (56.2%) 64 (43.8%) 146

pathogen, accounting for 19 (43.2%) isolates, followed by
K. pneumoniae with 19 (22.7%) isolates.

Resistance to quinolones

Among the 146 clinical isolates analyzed in the study, 64
(43.8%) showed resistance to quinolones and/or fluoroqui-
nolones, specifically nalidixic acid and/or ciprofloxacin.
The prevalence of quinolones resistance varied among dif-
ferent bacterial species. In E. coli, the resistance rate was
40.6% (28 out of 69 isolates). Pseudomonas spp. exhibited
a higher resistance rate of 68.6% (24 out of 35 isolates),
while K. pneumoniae had a resistance rate of 33.3% (9 out
of 27 isolates). Among the smaller sample sizes, E. cloa-
cae showed a resistance rate of 25% (1 out of 4 isolates), P
pneumotropica had a 100% resistance rate (1 out of 1 iso-
late), and S. liquefaciens displayed a resistance rate of 50%
(1 out of 2 isolates) (Table 2).

Antibiotic susceptibility pattern
Sixty-two (97%) of the quinolones resistance isolates were

identified as multidrug-resistant (MDR) which exhibited
resistant to three or more classes of antibiotics. The majority
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Table 3 Antimicrobial resistance of 64 quinolones resistance isolates

Antibiotics Susceptible Intermediate Resistance
No. (%) No. (%) No. (%)
Amoxicillin—clavulanic ~ 25(39.1%) 9 (14.0%) 30 (46.9%)
acid
Ceftazidime 29 (45.3%) 9(14.0%) 26 (40.7%)
Cefotaxime 8 (12.4%) 1 (1.6%) 55 (86%)
Gentamycin 37(57.8%) O 27 (42.2%)
Ampicillin 1 (1.6%) 0 63 (98.4%)
Imipenem 40 (62.5%) 3 (4.7%) 21 (32.8%)
Kanamycin 12 (18.8%) 7(10.9%)  45(70.3%)
Nalidixic acid 0 2 (3.1%) 62 (96.9%)
Trimethoprim—sulfa- 14 (21.9%) 2 (3.1%) 48 (75%)
methoxazole
Cefoxitin 24 (37.5%) 6 (9.4%) 34 (53.1%)
Tobramycin 20 (31.3%) 5(7.8%) 39 (60.9%)
Ciprofloxacin 19 (29.7%) 3 (4.7%) 42 (65.6%)
Tetracycline 20 (31.3%) 2 (3.1%) 42 (65.6%)

of the quinolone-resistant isolates exhibited resistance to
ampicillin, cefotaxime, trimethoprim-sulfamethoxazole,
and Kanamycin. Half of the isolates showed resistance to
sulfamethoxazole/trimethoprim, ceftazidime, gentamycin,
and cefoxitin. The susceptibility of the isolates to imipenem
was 70% (Table 3).

Detection of ESBLs

Among the 64 quinolone-resistant isolates, 51.5% (33 out
of 64 isolates) were confirmed phenotypically as ESBL-
producers. These 33 ESBL-producers are composed of 22
strains of E. coli with a rate of 35.5% (22 out of 60), 9 strains
of K. pneumoniae (9/27; 33.3%), one strain E. cloacae (1/4;
25%), and one strains of S. liquefaciens (1/2; 50%).

Quinolone resistance elements
The presence of plasmid-mediated quinolone resistance

(PMQR) genes, including gnrd, gnrB, gnrS, gepA and
aac(6’)-Ib, was investigated in the quinolone-resistant
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isolates using PCR amplification and sequencing, following
the methodology described by Rocha-Gracia et al. (2010).
Among the quinolone-resistant isolates, 39% (25 out of 64)
were found to harbor PMQR genes. The most prevalent gene
was gnrA, detected in 18.8% (12 out of 64) of the isolates.
gnrS1 was identified in 14.1% (9 out of 64) of the isolates,
while gnrB was detected in two variants; gnrB1 and gnrB4,
found in 6.4% (6 out of 64) and 1.6% (1 out of 64) of the
isolates, respectively. Three quinolone-resistant isolates har-
bored two gnr encoding gene; gnrA with gnrS1 in an E. coli
strain, gnrSI with gnrBI in Pseudomonas, and gnrB1 with
gnrd in K. pneumoniae. However, gepA was not detected in
any of the isolates. The distribution of quinolone resistance
genes among the studied isolates, categorized by specimens
and species, of the isolates is presented in Table 4. The gnr4
gene was found in nine ESBL-producing isolates, while
gnrS1 and gnrB1 were detected in five and three ESBL-pro-
ducing isolates, respectively. Among the quinolone resistant
Gram-Negative isolates, the gene aac(6')-Ib-cr was pres-
ent in 26.6% (17 out of 64). A combination of gnr genes
with aac(6')-1b-cr was identified in 15.6% (10 out of 64) of
the isolates. One ESBL-producing K. pneumoniae isolates
harbored aac(6')-1b-cr, gnrBl1, and gnrA, while one Pseu-
domonas isolate carried gqnrSi, aac-6'-ib-cr, and qnrBl.
Among the tested PMQR genes, the majority of gnr genes
were found in Enterobacteriaceae isolates except for one
non-fermenter isolate that carried gnrS and gnrA genes. The
aac(6')-Ib-cr gene was predominantly detected in Pseudo-
monas isolates (Table 4).

Identification of B-lactamase genes

In the quinolone-resistantisolates, various f3-lactamase genes
were identified. The blacrx_y genes were detected in 50%
(32/64) of quinolone resistant isolates. The bla-yx_p_15 Was
the most frequently gene detected in 26 isolates, followed
by blacrx_n_14 and blacrx_y—; were found in three and two
isolates, respectively. While blacrx_y—ss and blacrx_yv—»7
were found in one isolate. The blatgy,_; and blagyy_; genes
were identified in 13 and 6 isolates, respectively. Class B
beta-lactamase genes blayy,, that were detected in carbape-
nem-resistant isolates, three variants of blayy,, were identi-
fied (blayp_ng in 2 K. pneumoniae, blayy_, and blayp_, in
Pseudomonas spp.). Three B-lactamase genes (blacrx_ni—1s»
blargy_y, blagyy ;) and (blacrx w5, blagyy 1, blayy )
were present in association with PMQR genes in 6 K. pneu-
moniae isolates (Table 4).

Resistance mechanisms to Non- B-lactam
antimicrobial agents

Resistance mechanisms to non-B-lactam antimicrobial
agents were investigated in the quinolone-resistant Gram-
negative isolates. Table 4 shows the antibiotic resistance
genotypes of the quinolone-resistant Gram-Negative iso-
lates. Thirty-two of the quinolone resistant isolates harbored
sul genes (sull: 30 isolates; sul2: one isolate; sull +sul2:
four isolates; and sull+sul3: one isolate). The aac(3)-1I
gene was found in thirty aminoglycoside-resistant isolates
and the aac(3)-1V gene in twelve isolates. Twenty-nine of
the isolates harbored fef genes [tet4: nineteen isolates; tetB:
four isolates; and fet4 + tetB: six isolates].

Characterization of integrons

Class 1 integron has been identified in 31 of quinolone
resistant isolates. They were in 13 E. coli isolates; 11 Pseu-
domonas spp., 5 K. pneumoniae, 1 E. cloacae and 1 S. lique-
faciens. These integrons were detected in 17 ESBL producer
isolates and in 14 non-ESBL producer isolates. The QacEA1
and sull genes were documented in integrons in 24 isolates
while seven of those integrons lacked the gacEAI and sull
genes. The gene cassette in the variable region of the inte-
gron was demonstrated that encoded for resistance to tri-
methoprim (dhfr) and /or spectinomycin (aadA) with the
following gene cassette arrangements: dhfirl7+aadAS5 (6
isolates), dfrA12+aadA2 (2 isolates), dfrA1 +aadAl (1 iso-
late), aadA6 (4 isolates), and aadAl (1 isolate) (Table 4).
The genetic cassette content differs between bacterial spe-
cies, in E. coli only dhfri7+aadAS5, in Pseudomonas
spp. only aadA6, and in K. pneumoniae dfrA12 +aadA2,
dfrAl + aadAl, and aadAl.

Discussion

Limited research has been conducted in Palestine on the
prevalence and molecular mechanisms of quinolone-resis-
tant Gram-negative strains. This study aimed to fill this
knowledge gap by investigating the prevalence of quino-
lone-resistant isolates, plasmid-mediated mechanisms of
quinolone resistance and ESBL-, non-B-lactam antibiotic
resistance-associated genes in these strains.

In our study, we observed that 64 out of 146 (43.8%) were
resistant to quinolones and/or fluoroquinolones. This indi-
cates a significant rate of quinolone resistance among clini-
cal gram-negative isolates. However, our findings showed
a lower quinolone resistance rate compared to previous
reports from Egypt (5§7.2%), China (59.4%), and Iran (68%)
[6, 20, 21]. Interestingly, our results contrast with a study
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Table 4 Characteristics of the 64 of quinolone-resistant isolates recovered from clinical samples

No. Bacteria Hospital ~ Samples Resistance phenotype *ES *B-lact. *Quin. genes Class 1 integron
Ph  genes
*Int/qac  *Intl st
E. coli Al-Shifa ~ Urine AMP, NAL, CHL, CIP gnrS1
8 K. pneumoniae  Al-Shifa ~ Wound AMC, CAZ, CTX, GM, + blacrx_m—1a» qnrSI +/+ aadAl
AMP, IMP, KAN, NAL, aac (3) 11,
AMK, SXT, FOX, TOB, Sull
CHL, CIP, TET
13 K. pneumoniae Al-Shifa  Urine CTX, GM, AMP, IMP, + blacrx_m-15» @ac(6))-Ib-cr,
NAL, SXT, TOB, CIP blapgy_; qnrS1, aac
(3) 1, sul2
14 E coli Al-Shifa  Urine CTX, AMP, SXT, CIP +  blacrxnys sull i+ dhfir17 + aadAS
15 E. coli Al-Shifa ~ Wound CTX, AMP, NAL, SXT + blacrx_m—1s» Sull,sul?
blaggy
16 E. coli Al-Shifa  Urine GM, AMP, KAN, NAL, aac (3) 11, +/+
SXT, TOB, CIP sull
22 Pseudomonas  Al-Shifa ~ Wound CTX, IMP, KAN, AMK, aac-6"-ib-cr
spp- NAL, FOX,
28 E. coli Al-Remal Urine AMP, NAL, SXT, CIP blargy_; sull, sul2, +
gnrd, gnrS1
38 Pseudomonas  Balsam Blood CTX, GM, IMP, KAN, aac-6"-ib-cr,
spp- NAL, FOX aac (3) 11
39  Pseudomonas  Balsam Wound CTX, GM, AMP, IMP, aac (3) 11
spp- KAN, NAL, AMK, FOX,
TOB, CIP
40 E. coli Balsam Urine CAZ, CTX, GM, AMP, + blacrx_ym-is  aac (3) 11,
KAN, NAL, SXT, TOB, aac(6')-1b-cr,
CIP, TET sull, tetB
41  Pasteurella Balsam Urine NAL gnrd
pneumotropica
43 Pseudomonas  Balsam Urine AMC, CTX, KAN, NAL, aac-6'-ib-cr
spp. SXT, FOX, CHL, TET
48  Pseudomonas  Al-Shifa ~ Wound AMC, CAZ, CTX, GM, aac-6"-ib-cr,  +/+ aadA6
spp. IMP, KAN, NAL, SXT, aac (3) 11,
FOX, CHL, CIP, TET sull, tetA
51  Pseudomonas  Al-Shifa ~ Wound AMC, CAZ, CTX, GM, aac (3) 11, +/+
spp. IMP, KAN, NAL, SXT, sull
FOX, CHL, CIP, TET
52 Pseudomonas  Al-Shifa  Pleural CTX, GM, KAN, NAL, gnrS1, aac-
Spp- fluid FOX, TOB, CHL, CIP 6'-ib-cr, aac
(3) I, aac (3)
1V, gnrB1
53 Pseudomonas  Al-Shifa ~ Wound AMC, CTX, KAN, NAL, sull, tetd,
Spp. SXT, FOX, CHL, TET gnrS
55 E. coli Al-Shifa  Urine CTX, AMP, NAL, SXT, + blacrx_m-1s  qnrd, Sull
CIP
56 E. coli Al-Shifa ~ Wound CAZ, CTX, GM, AMP, + blacrx_m-15» aac (3) 11,
KAN, NAL, SXT, TOB, blapgy_; aac (3) IV,
CHL, CIP, TET aac(6')-1b-cr,
gnrd, sull,
tetA, tetB
57 K. pneumoniae Al-Shifa  Urine CAZ, CTX, AMP, KAN, + blacrx_m-1s» @ac(6)-Ib-cr, +/+ dfrA12 + aadA?2
NAL, AMK, SXT, TOB, blaggy_;» sull, gnrd
CIP blagy,
58 E. coli Al-Shifa  Urine CAZ, CTX, AMP, IMP, + blacrx_yv-1s  Sull, tetd
NAL, SXT, CIP, TET
60  Enterobacter Al-Shifa ~ Wound AMC, CAZ, CTX, GM, + blacrx_ym—ss aac (3) 11, +
cloacae AMP, IMP, KAN, NAL, gnrB1, tetA

AMK, SXT, FOX, TOB,
CIP, TET
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Table 4 (continued)
No. Bacteria Hospital ~ Samples Resistance phenotype *ES  *B-lact. *Quin. genes Class 1 integron
Ph  genes
*Int/qac  *Intl st
64 E. coli Al-Shifa ~ Urine GM, AMP, KAN, NAL, Blagy, aac (3) 11,
TOB, CIP, TET aac(6')-Ib-cr,
tetA, tetB,
qnrd
66 K. pneumoniae Al-Shifa Urine AMC, CAZ, CTX, GM, + blacrx_yv-15» aac (3) 11, +/+ dfrA12 + aadA?2
AMP, KAN, NAL, AMK, blargy_; aac(6')-Ib-cr;
SXT, TOB, CIP, TET blagyy, gnrBl, sull,
Sul2, tet4
68 E.coli Al-Shifa  Urine CAZ, CTX, AMP, NAL, + blacrx_m—1s tetd, tetB,
CHL, CIP, TET qnrd
70 K. pneumoniae Al-Shifa ~ Wound CAZ, CTX, GM, AMP, + blacrx_yv-1s» aac (3) 11,
KAN, NAL, FOX, TOB, blargy_; aac(6')-Ib-cr;
CIP, TET blagyy, gnrBl, tetA,
gnr4
71 E. coli Al-Shifa  Urine AMC, CAZ, CTX, GM, + blacrx_y_1s  aac (3) 11, + dhfir17 + aadA5
AMP, KAN, NAL, SXT, aac(6')-1b-cr,
FOX, TOB, CHL, CIP, sull, sul3,
TET tetA, tetB
73 8. liquefacients  Al-Shifa  Urine AMC, CAZ, CTX, GM, + blacrx_m-1s aac (3) 11, +/+
AMP, KAN, NAL, AMK, aac-6'-ib-cr,
SXT, FOX, TOB, CHL, sull, tetA
CIP, TET
77  Pseudomonas  Al-Shifa  Sputum AMC, CTX, GM, IMP, gnrBl, aac-  +/+
Spp- KAN, NAL, SXT, FOX, 6'-ib-cr, aac
CHL, CIP, TET (3) 11, aac (3)
1V, sull, tetA
79 E.coli Al-Shifa Wound AMC, CAZ, CTX, AMP, + blacrx_yv-15»  tetB, qnrd,
NAL, TET blargy,_; aac-6'-ib-cr
80  Pseudomonas  Al-Shifa ~ Wound AMC, CTX, KAN, NAL, qnrBl, aac-  +/+ aadA6
Spp. SXT, FOX, CHL, CIP, TET 6'-ib-cr, aac
(3) 1V, sull,
tTetd, tetC
81 E. coli Al-Shifa ~ Wound GM, AMP, NAL, SXT, aac (3) 11, +/+
TOB, CHL, CIP sull
83 E. coli Al-Shifa ~ Wound CTX, AMP, NAL, SXT, + blacrx_yv-15  Sull +/+
CIP
87 E. coli Al-Shifa ~ Urine AMP, NAL, CHL, CIP
88  Pseudomonas ~ Al-Shifa ~ Wound AMC, CTX, KAN, NAL, blacrx_m-1s @ac (3) IV,
spp. SXT, FOX, CHL, TET tetA
92 E. coli Al-Shifa  Urine AMC, CAZ, CTX, AMP, + blacrx_ vz aac (3) 11, +/+ dhfrl7 + aadA5
KAN, NAL, SXT, FOX, aac(6')-Ib-cr,
TOB, CHL, CIP sull, sul2
93 Pseudomonas  Al-Shifa ~ Wound AMC, CTX, KAN, NAL, aac-6"-ib-cr,  +/+
spp. SXT, CHL, CIP, TET aac (3) 1V,
sull, tetA
94 K. pneumoniae Al-Shifa ~ Wound AMC, CAZ, CTX, GM, + blacrx_yv-140 aac (3) 11, +/+ dfrAl + aadAl
AMP, IMP, KAN, NAL, blayu,_»s gqnrS1, sull,
AMK, SXT, FOX, TOB, tetA, tetB
CHL, CIP, TET
95  Pseudomonas  Al-Shifa ~ Wound AMC, CTX, KAN, NAL, aac-6"-ib-cr,  +/+ aadA6
Spp. SXT, FOX, CHL aac (3) 1V
98 E. coli Al-Shifa  Urine AMC, CAZ, CTX, GM, + blacrx_ym-15  aac (3) 11, + dhfir17 + aadA5
AMP, KAN, NAL, SXT, aac(6')-Ib-cr,
FOX, TOB, CHL, CIP, sull,tetB,
TET qnr4
100 Pseudomonas  Al-Remal Ear NAL, SXT, CIP

Spp.
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Table 4 (continued)

No. Bacteria Hospital ~ Samples Resistance phenotype *ES  *B-lact. *Quin. genes Class 1 integron
Ph  genes
*Int/qac  *Intl st
106 Klebsiella Balsam Urine CAZ, CTX, AMP, IMP, + blacrx_ym-15» @ac(6)-Ib-cr, +
KAN, SXT, CHL, TET blargy_ ;s qnrS1, tetB
blagyy,
108 E. coli Al-Remal  Urine AMC, CAZ, CTX, AMP, + blacrx_yv-1s tetd
NAL, SXT, FOX, TET
115 E. coli Al-Remal  Urine AMP, NAL, SXT, TET + blaggy_, gnrA +
117 E. coli Balsam Urine AMC, CTX,AMP,NAL, +  blacrx_m_is» 94 + dhfrl7 +aadAS
SXT, FOX, TET blaggy,,
119 Pseudomonas  Balsam Blood CTX, NAL, SXT, FOX aac-6"-ib-cr,
Spp. sull
121 E. coli Balsam Urine CAZ, CTX, AMP, KAN, + blacrx_yv-1s  aac (3) 11, +/+ dhfr17 + aadAS5
NAL, AMK, SXT, TOB, aac(6')-Ib-cr;
CIP, TET sull, tetA
122 Pseudomonas  Balsam Urine AMC, CTX, KAN, NAL, aac-6"-ib-cr
spp. SXT, FOX, CHL, TET
126 E. coli Balsam Urine CTX, AMP, KAN, NAL, + blacrx_y-y  tetd
CHL, CIP, TET
128 Pseudomonas  Balsam Urine AMC, CTX, KAN, NAL, aac (3) IV,
Spp- SXT, FOX, CHL, TET aac-6"-ib-cr
133 Pseudomonas  Al-Shifa ~ Wound AMC, CAZ, CTX, GM, blay,; aac-6"-ib-cr,  +/+ aadA6
Spp. IMP, KAN, NAL, SXT, aac (3) 11,
FOX, CHL, CIP, TET aac (3) IV,
Sull, tetA
134 E. coli Balsam Urine CTX, GM, AMP, KAN, + blacrx_y—1sa @ac (3) 11, +/+
NAL, AMK, SXT, TOB, aac(6')-1b-cr,
CHL, CIP, TET sull
138 E. coli Balsam Urine CTX, AMP, KAN, NAL, + blacrx_yv-15 Sull +/+
SXT, CIP blargy,_;
139 K. pneumoniae Al-Shifa ~ Wound AMC, CAZ, CTX, GM, + blacrx_ym-15 @ac(6)-Ib-cr,
AMP, IMP, KAN, NAL, blargy_;, tetA
AMK, TET blag,,,
140 Pseudomonas  Al-Shifa ~ Wound AMC, CAZ, CTX, GM, blay;,_, aac-6"-ib-cr,  +/+
spp. IMP, KAN, NAL, SXT, aac (3) 1,
FOX, CHL, CIP, TET aac (3) IV,
sull
142 E. coli Al-Shifa ~ Wound AMC, CAZ, CTX, GM, + blacrx_y-1s  aac (3) 11,
AMP, IMP, KAN, NAL, aac(6')-1b-cr,
AMK, SXT, FOX, TOB, sull,tetB
CHL, CIP, TET
143 K. pneumoniae Al-Shifa ~ Wound AMC, CAZ, CTX, GM, + blacrx_m-15 aac (3) 11,
AMP, IMP, KAN, NAL, blagyy, aac(6')-Ib-cr,
AMK, SXT, FOX, TOB, blay;,_»s qnrS1, sull,
CHL, CIP, TET tetB
144 Pseudomonas  Al-Shifa ~ Wound AMC, CAZ, CTX, GM, aac-6-ib-cr,  +/+
spp- IMP, KAN, NAL, SXT, aac (3) 11,
FOX, CHL, CIP, TET aac 3) IV,
sull
145 Pseudomonas  Al-Shifa ~ Wound AMC, CTX, KAN, NAL, tetA
Spp. SXT, FOX, CHL, TET
147 E. coli Balsam Urine CTX, AMP, KAN, NAL, + blacry_ -7 tetd
AMK, CIP, TET
150 Pseudomonas  Al-Shifa ~ Wound AMC, CTX, KAN, NAL, sull, tetA +
spp. SXT, FOX, CHL, TET
151 E. coli Balsam Urine CTX, AMP, KAN, NAL, + blacrx_yv-,  tetd

CHL, CIP, TET
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Table 4 (continued)
No. Bacteria Hospital ~ Samples Resistance phenotype *ES  *B-lact. *Quin. genes Class 1 integron
Ph  genes
*Int/qac  *Intl st

153 Pseudomonas  Al-Shifa ~ Wound CTX, KAN, NAL, FOX aac (3) IV

spp.
155 Pseudomonas  Balsam Urine CTX, AMP, NAL, SXT, blacrx_m-1s @ac(6)-Ib-cr,  +/+

spp. FOX, CHL gqnrB4, sull

* ESBL Ph, ESBL Phenotyp;, *B-lact genes, B-lactmase genes; Quin. Genes, Quinolone resistance genes and others; *Intl/gac., Intl-1/

qacEAI + sull; *Intl st, Integron structure

conducted in the United States, which reported a quinolone
resistance rate of 21% among uropathogenic Enterobacte-
riaceae [22]. This discrepancy suggests regional variations
in resistance patterns and highlights the importance of local
surveillance studies. The high rate of quinolone resistance
observed in our country may be attributed to several factors.
Overuse or misuse of these antibiotics in Palestine, both in
human medicine and veterinary practices, could contribute
to the development and spread of resistance. Additionally,
the easy availability of quinolones and the lack of an antimi-
crobial treatment policy in Palestine may further exacerbate
the problem. Addressing the issue of quinolone resistance
in Palestine requires an accurate approach, including pro-
moting judicious use of antibiotics, implementing effective
infection control measures, and developing and enforcing
antimicrobial stewardship programs. These interventions
are essential to preserve the effectiveness of quinolones and
combat the growing threat of antimicrobial resistance in our
region. In this study, we found that quinolone-resistance
isolates exhibited high levels of resistance to B-lactams,
aminoglycosides and trimethoprim-sulfamethoxazole.
Remarkably, 97% of the isolates were classified as multi-
drug-resistant (MDR), displaying resistance to at least one
agent in three or more classes of antibiotics. The presence of
transferable plasmid-mediated quinolone resistance deter-
minants in quinolone-resistant Gram-negative isolates is a
significant contributing factor to their resistance profiles.
These resistance genes are often co-located on plasmids
alongside resistance genes for other antibiotic classes, such
as B-lactams and aminoglycosides [5]. This genomic orga-
nization helps elucidate the high rates of resistance to these
other antibiotic classes, as well as the high prevalence of
MDR strains observed in this study.

Interestingly, the prevalence of carbapenem resistance
(32.8%) was significantly higher in our quinolone-resis-
tance isolates compared to other studies conducted in Iran
(3.2) and Egypt (14%) [5, 6]. However, it should be noted
that another study reported a much higher rate of 60% of
quinolone-resistant isolates being resistant to carbapenems
[2]. In recent years, the emergence of carbapenem-resistant
bacteria has become a clinical problem worldwide. These

drugs are considered the most potent antibiotics for treating
infections caused by MDR bacteria.

Regarding the sources of quinolone-resistance isolates, a
substantial proportion (47%) was isolated from urine sam-
ples, which aligns with the findings reported by Helmy and
Kashef, where the majority of resistant isolates (36%) were
obtained from urine [23]. These findings underscore the
alarming levels of multidrug resistance among quinolone-
resistant isolates and the need for effective infection control
measures and antimicrobial stewardship programs to com-
bat the spread of resistance. Furthermore, the high preva-
lence of carbapenem resistance highlights the urgency of
implementing strategies to prevent the emergence and dis-
semination of carbapenem-resistant bacteria in our health-
care settings.

In this study, we observed that among the 64 quinolones-
resistant Gram-negative isolates, Pseudomonas spp. was the
most frequently isolated species (68.6%), followed by E.
coli (40.6%) and K. pneumoniae (33.3%). This distribution
differs slightly from a similar study conducted in Turkey,
where P. aeruginosa was the most resistant to quinolones
(60.0%), followed by E. coli (38.6%) [24]. Another clinical
study reported that K. pneumoniae was the most frequently
resistant species (66.7%), followed by E. coli (21.7%)
[2]. These variations in species distribution highlight the
regional differences in resistance patterns and the impor-
tance of local surveillance studies.

Among the quinolones resistance isolates in our study,
51.5% (33/64) were identified as ESBL-producers using the
double-disk synergy method. These findings are consistent
with the studies conducted by Taha, Omar [5] and Rao et al.
[25], which reported that more than half of the Enterobac-
teriaceae isolates were ESBL-producers. However, in con-
trast to our findings, Azargun et al. [6] reported that 34.2%
of the isolates were ESBL-producers. Furthermore, a study
conducted in Morocco reported that 20% (39/188) of Gram-
negative isolates were ESBL producers [26]. These varia-
tions in ESBL production rates among quinolone-resistant
isolates highlight the dynamic nature of resistance patterns
and the importance of continuous surveillance and moni-
toring of resistance mechanisms. Understanding the preva-
lence and distribution of ESBL-producing strains is crucial
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for the development of effective treatment strategies and
infection control measures.

In the current study, we found that among the ESBL-pro-
ducing isolates, E. coli accounted for 66.6% (22/33), while
K. pneumoniae represented 27.3% (9/33) of the isolates.
These findings differ from an Iranian study where 53.5% of
ESBL-producing isolates were K. pneumoniae and 33.8%
were E. coli [6]. Similarly, in India, 61.4% of E. coli were
ESBL producers, while 46.2% of K. pneumoniae isolates
exhibited ESBL production [25]. These variations in the
distribution of ESBL producing strains can be attributed to
several factors such as different regions, the hospitalization
period, antibiotic usage patterns, and local antimicrobial
resistance policies.

In our study, the most predominant plasmid-mediated qui-
nolone resistance (PMQR) gene was aac(6')- Ib-cr, which
is consistent with the findings of other studies [6, 27]. The
high prevalence of the aac(6')- Ib-cr gene can be attributed
to its broad spectrum of activity against both quinolones
and aminoglycosides. Similar studies conducted in differ-
ent regions have also identified aac(6)-Ib-cr as the most
prevalent PMQR gene in quinolone-resistant Gram-Nega-
tive isolates. For example, Badamchi et al. [28] reported a
24% prevalence of the aac(6)-Ib-cr gene in uropathogenic
E. coli, while Ma et al. [29] found an 18.8% prevalence of
this gene in E. coli isolates.

The aac(6°)-Ib gene encodes aminoglycoside-modifying
enzymes responsible for resistance to tobramycin, kanamy-
cin, and amikacin. The aac(6°)-Ib-cr variant gene can con-
fer resistance to both aminoglycosides and fluoroquinolones
[28]. The existence of the gnr with aac(6’)-1b-cr genes
further promotes the development of multidrug resistance
isolates, as demonstrated in previous studies conducted in
China [30]. Considering the widespread use of aminogly-
cosides and fluoroquinolones for patient treatment in Pales-
tine, it is plausible that the high prevalence of aac(6')-1b-cr
and its association with multidrug resistance contribute to
the emergence of MDR isolates in our study population.
These findings underscore the need for judicious use of anti-
biotics, effective infection control measures, and continuous
surveillance of resistance patterns to mitigate the develop-
ment and spread of MDR bacteria.

In our study, we found that 39% (25/64) of quinolone-
resistant isolates carried gnr genes, which is consistent
with a previous study [31]. However, this prevalence was
lower than reported in two studies from Egypt (60%) and
Iran (89.1%) [2, 6], and higher than in an Italian study that
reported a prevalence rate of 17% [32]. Among the gnr
genes, gnrA was the most dominant, which aligns with the
findings of previous studies [5]. The presence of three gnr
genes (gnrAd, gnrS1 and gnrB) among our isolates has been
reported in previous studies [4, 6, 33]. Additionally, three
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quinolone-resistant isolates in our study harbored two qnr
encoding genes, including gnr4 with gnrS1 in E. coli strain,
qnrS1 with gnrB1 in Pseudomonas, and gnrB1 with gnrA4 in
K. pneumoniae. These findings are consistent with studies
from Poland, China and Algeria [34-36].

Interestingly, our results revealed that 60% of PMQR
genes (aac(6')-1b-cr, gnrA, qnrSI and gnrBl) were found
in a significant portion of ESBL-producing isolates (72.7%,
24/33). The presence of these genes in ESBL producers may
be due to the coexistence of plasmids carrying ESBL and
PMQR genes, which can explain the co-resistance to beta-
lactams and fluoroquinolones [36]. Furthermore, we found
that most of the qnr-positive Enterobacterales isolates in our
study were ESBL producers. Among the qnr-carrier isolates,
33 produced CTX-M, 13 produced TEM-1 and 6 produced
SHV-1. Several studies have also reported the association
between qnr-positive isolates and ESBL production [4, 7,
8, 26].

CTX-M-15 was the most predominant ESBL type, which
is consistent with findings from other studies [6]. In a Pales-
tinian study, CTX-M-15, CTX-M-56, OXA-1, SHV-1, and
TEM-1 genes were associated with PMQR genes, including
aac(6’)-1b-cr and gnrB2 in ESBL-positive strains [14]. One
significant finding of our study is the significant associa-
tion between aac(6')-1Ib-cr and gnr with B-lactamase genes
(blactx_m» blargy,_;, blagyy,) in Enterobacterales isolates,
which has also been detected in clinical Enterobacterial iso-
lates from Iran, Uruguay, and Togo [4, 6, 37]. Onr genes are
commonly found in plasmids that carry different resistance
determinants, including B-lactamase genes [38]. The impor-
tant association of ESBL-producing isolates with PMQR
genes is clinically significant due to the limited therapeutic
options for these isolates and may lead to treatment failure
and increased mortality rates in patients.

One of the significant results of this study is the detec-
tion of class B beta-lactamase genes blayy, among
carbapenem-resistant isolates, specifically in three vari-
ants blayyy,_ blayyy,_, and blayy_,g. This is noteworthy
because the production of VIM enzymes is associated with
a significant decrease in susceptibility to various B-lactam
antibiotics, particularly carbapenems, which are crucial for
treating multidrug-resistant Gram-negative bacteria. We
also observed a significant association between blayy,; and
PMQR genes (aac(6')-1b-cr, gnrS1), which aligns with the
findings of an Italian study where gnrSI was found in 21
out of 24 VIM-positive isolates [39]. A study conducted
in Taiwan demonstrated a high prevalence of gnr (78.6%)
among producers of blay,p, another type of metallo-beta-
lactamase [40]. The production of VIM enzymes is indeed
associated with significant reductions in susceptibility to
different B-lactam antibiotics, especially carbapenems. Car-
bapenems are crucial drugs for treating multidrug-resistant
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Gram-negative bacteria, and when these bacteria produce
VIM enzymes, it poses a challenge in terms of limited treat-
ment options.

CTX-M-type enzymes belong to a group of class A
ESBLs that are plasmid-mediated [4]. In our isolates, the
simultaneous production of CTX-M-type with other plas-
mid-mediated B lactamase types such as TEM, SHV, VIM
is noteworthy. The presence of both ESBLs and VIM-MBL,
in the same isolates has been reported in Enterobacteria-
ceae in Italy [39]. This association suggests a concerning
integration and co-localization of diverse resistance genes
on individual plasmids or integrons. The concurrent pres-
ence of both MBLs and ESBLs in PMQR-positive bacteria
highlights the accumulation of critical resistance determi-
nants. This observation raises alarming concerns about the
further development and dissemination of MDR strains. The
emergence of such extensively resistant strains can result in
significant mortality and morbidity, as therapeutic options
become severely limited.

In this study, we found class I integrons were found in
31 out of 64 (48%) of the isolates. Similarly, in an Egyptian
study, class I integrons were detected in 59 (44%) out of 134
clinical isolates of E. coli [9]. Abbasi, Ghaznavi-Rad [41]
detected class 1 integron in 71.4% of quinolone-resistant
Salmonella species isolated from diarrheic children in Iran.
Integrons are carried by mobile genetics elements within
bacterial cells, allowing them to spread to other bacteria.
Integrons play a crucial role in carrying and disseminating
antimicrobial resistance genes among bacteria through hori-
zontal transfer, which is one of the most significant routes
for the distribution of these genes [9].

Five different gene cassettes were found among the 14
intl-1-positive isolates by the sequencing of the amplified
variable regions. Three genes of dihydrofolate reductase (dfr
family) that encoded for resistance to trimethoprim (dhfrl7,
dfrA12, dfrAI) and four aminoglycosides resistance genes
(aadAl, aadA2, aadAS5, and aadA6). The occurrence of cas-
settes encoded for resistance to trimethoprim and aminogly-
cosides (dfr4, aadA) in quinolone-resistant isolates has been
reported [41-43]. Gene cassettes dfrdl7-aadA5 and aadA6
were detected in six and four isolates, respectively, which
may be due to the transfer of the integrons between bacte-
rial species. The dissemination of integrons is carried out by
the cross-transmission of integron-carrying clones from one
patient to the other in hospital settings [44]. The two gene
cassettes (dfrA17-aadA5, and aadA6) were documented in
Gram-negative strains in several regions worldwide [9, 45—
47]. The spread of these genes in other regions may involve
self-transferable plasmids within the host (humans and ani-
mals) [48].

Interestingly, we did not detect any PMQR genes in the
gene cassettes. Although the presence of integrons did not

influence the susceptibility to the tested quinolones in the
present study, it is important to note that the prevalence of
integrons has played a significant role in the development
of MDR bacteria. The quinolones and other antibiotic-
resistance genes except dfrA and aadA genes are gener-
ally located outside the integrons. The association between
quinolone resistance and the presence of an integron is not
yet fully understood and has been the subject of ongoing
research [48, 49].

Conclusion

The study confirmed a high prevalence of quinolone resis-
tance, ESBL and integrons among the clinical Gram-neg-
ative isolates. PMQR determinants were widely reported,
with particularly high prevalence of both aac(6’)-Ib and
gnrA4 genes. The important association between ESBL-pro-
ducing with PMQR genes is clinically significant, as it poten-
tiates the development of MDR phenotypes and severely
limits therapeutic options for these isolates. This study also
revealed a high prevalence of integrons, often harboring the
most dominant gene cassettes conferring resistance to trim-
ethoprim and aminoglycosides. While the integrons did not
directly impact quinolone susceptibility (as the resistance
genes were not cassette-borne), they played a crucial role in
the development of MDR bacteria. To prevent outbreaks of
PMQR, integrons and ESBL-producing isolates, it is crucial
to implement robust infection control measures and estab-
lish continuous antimicrobial resistance surveillance. This
can be achieved through the application of an antimicrobial
resistance monitoring system to control their dissemination
and the linked health hazard. Further studies are needed to
study whole genome sequencing and determine plasmids
and insertion elements, providing a better understanding of
the genetic factors contributing to antimicrobial resistance
in these isolates.
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