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ARTICLE INFO ABSTRACT
Keywords: Plasmid-mediated quinolone resistance (PMQR) in extended-spectrum p-lactamase (ESBL)-pro-
Klebsiella pneumoniae ducing Klebsiella pneumoniae (K. pneumoniae) contributes to treatment failures, extended hospital

Extended-spectrum p-lactamase
Plasmid-mediated quinolone resistance
Fluoroquinolones

Multidrug-resistant

stays, and increased mortality percentages. We aimed to determine the prevalence of PMQR genes
in ESBL-producing K. pneumoniae isolates from clinical samples in Babol, North of Iran region.
This is the first study in this region to investigate this specific association. A total of 95
K. pneumoniae isolates were obtained from hospitalized patients with various clinical infections
during March 2022 to February 2023. Disk diffusion and Combination disk method were per-
formed to identification of antimicrobial resistance profiles and ESBL-producing strains. The
presence of ESBL and PMQR genes among K. pneumoniae isolates was assessed using polymerase
chain reaction (PCR) method. Of the isolates, 68 (71.57 %) were considered as ESBL-producers.
The blatgy, blagyy and blacrx-m genes were detected in 74.73 %, 57.89 %, and 41.05 % of
K. pneumoniae isolates, respectively. Among the PMQR encoding genes, the highest and lowest
frequency was associated to gepA (67.3 %) and gnrA (4.2 %), respectively. The frequency of gnrA,
qnrB, qnrS, acc (6')-Ib-cr, qepA, 0gxA, and ogxB genes in 26 MDR-Kp isolates was 11.53 % (n; 3),
69.23 % (n; 18), 65.38 % (n; 17), 73.07 % (n; 19), 80.76 % (n; 21), 84.61 % (n; 22), and 76.92 %
(n; 20), respectively. Our result revealed of the 68 ESBL gene-positive isolates, 60 (88.23 %) were
positive for the PMQR gene. The co-occurrence of these genes within resistant isolates suggests
potential linkage on mobile genetic elements such as plasmids. These findings highlight the
significant burden of PMQR determinants in ESBL-producing K. pneumoniae and underscore the
urgent need for effective control measures. Implementing robust antimicrobial stewardship
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programs and strengthening drug-resistance surveillance and control protocols are crucial to
prevent the spread of resistant isolates.

1. Introduction

Klebsiella pneumoniae is a gram-negative bacilli that cause a wide range of community and healthcare-acquired infections [1]. A
wide range of antimicrobials belongs to different families such as quinolones and p-lactams are used in treatment of these infections,
but the main concern is the emergence of multidrug-resistant K. pneumoniae (MDR-Kp) [2].

Extensive antibiotic use in hospitalized patients has facilitated the emergence of MDR-Kp, posing a significant challenge for
treatment and infection control [3]. MDR-Kp is defined by resistance to at least three antibiotic classes [3]. Studies in Iran report
increasing MDR-Kp prevalence, particularly resistant to aminoglycosides, fluoroquinolones (FQs), cephalosporins, and carbapenems
[4]. MDR-Kp infections are associated with severe outcomes, including high mortality (around 50 %), treatment failure, quick and
more spread of resistance within Gram-negative bacteria and emergence of untreatable infections, prolonged hospitalization, and
increased healthcare costs [5]. Furthermore, recent years have seen a rise in MDR-Kp strains harboring transferable resistance genes
across Iran, with particularly high prevalence reported in the north [6]. The pooled prevalence of clinical MDR-Kp was estimated at
32.8 % worldwide [2].

FQs are a class of broad-spectrum bactericidal agents that have a bicyclic core linked to a 4-quinolone and are emerging as a
common treatment option [7]. FQs resistance is facilitated by various mechanisms such as, chromosomal point mutation at the gyrA/B
and parC/E genes in the quinolone resistance-determining regions (QRDR), and alteration in the outer membrane and efflux pumps [8,
9]. Currently, plasmid-mediated quinolone resistance (PMQR) has been shown to play an important role in FQs resistance, and its
prevalence is globally growing [10].

PMQR genes can confer low-level resistance to FQs. The first report of a PMQR gene originated from a K. pneumoniae isolate in the
United States in 1998 [11]. Studies in Iran have documented a high prevalence of PMQR genes among clinical isolates of
quinolone-resistant K. pneumoniae (QR-Kp) [11-14]. Notably, a study in northern Iran reported that a staggering 90 % of QR-Kp
isolates harbored PMQR genes [15].

Furthermore, a separate review article in Iran identified a concerning prevalence of 34.8 % for QR-Kp strains [16]. These findings,
along with additional studies conducted throughout Iran, highlight the significant challenge posed by the high level of resistance to
quinolones in K. pneumoniae [14,15,17,18].

As a warning, it is imaginable to transfer these resistance plasmids to the other strains through horizontal gene transfer (HGT) [19].
To date, several pathways have been defined for PMQR, including (i) qnr protein-encoding genes (qnrA/B/C/D/S), (ii) aac(6')-Ib-cr (an
aminoglycoside acetyltransferase), and (iii) FQs-exporting efflux pumps (qepA and OqxAB) [9,20].

Qnr (quinolone resistant) proteins, such as Qnr A, Qnr B, and QnrS, bind to bacterial enzymes, DNA gyrase and topoisomerase IV,
preventing FQs from inhibiting their activity. This mechanism is widespread among various bacterial genera globally [14].

AAC(6)-Ib-cr enzyme modifies fluoroquinolone structure, reducing its effectiveness. It adds an acetyl group to the piperazinyl ring
of the FQs molecule, rendering it less effective against bacteria. Notably, aac(6')-Ib-cr can also modify aminoglycosides, highlighting its
potential for broad-spectrum resistance [11,14]. The aac(6')-Ib-cr gene encodes an aminoglycoside acetyltransferase that modifies not
only aminoglycosides but also ciprofloxacin and norfloxacin. The aac(6')-Ib-cr (cr for ciprofloxacin resistance) is a variant of aac(6’)-Ib
(responsible for resistance to kanamycin, tobramycin and amikacin) with two amino acid substitutions compared to the wild-type
allowing it to acetylate and subsequently reduce the activity of norfloxacin and ciprofloxacin [21,22]. The aac(6')-Ib-cr responsible
for low-level ciprofloxacin resistance.

Studies conducted in different regions of Iran report varying prevalence of PMQR genes. The aac(6')-Ib-cr gene appears to be more
prevalent than others. A study in northern Iran has estimated a prevalence of 44 % for aac(6')-Ib-cr gene [11-13,15].

OgxAB (olaquindox-carbadox AB), a multidrug efflux pump, is related to reduced fluoroquinolone susceptibility and resistance to
multiple agents. QepA (quinolone efflux pump A), an efflux pump belonging to the major facilitator subfamily, is related to a decrease
in susceptibility to hydrophilic fluoroquinolones [23]. QepA and OgxAB proteins act as proton-dependent transporters, actively
pumping FQs out of the bacterial cell. QepA specifically targets FQs like norfloxacin, ciprofloxacin, and enrofloxacin, while the
multidrug efflux pump OgqxAB confers resistance to a wider range of antibiotics. The presence of these efflux pumps is concerning as
they can promote the development of multidrug resistance and facilitate the spread of resistance genes horizontally between bacteria
[11].

Extended-spectrum beta-lactamases (ESBLs) are enzymes produced by bacteria that can break down certain beta-lactam antibi-
otics, rendering them ineffective. These enzymes were first identified in different countries between 1983 and 1990 [24].

Since then, ESBL-producing K. pneumoniae (ESBL-Kp) has become a significant global threat, particularly in healthcare settings. The
rapid spread of ESBLs has resulted in over 300 identified variants worldwide [25].

Studies reveal a concerning trend. While the global prevalence of ESBL-Kp isolated from clinical samples is estimated at 32.7 %,
Iran reports a substantially higher pooled prevalence of 43.5 % for ESBL-Kp [26,27]. The reports show that the prevalence of ESBL-Kp
is increasing over time in Iran [27,28].

ESBLs such as CTX-M (Cefotaximase), TEM (Temoneira) and SHV (Sulfhydryl variable) families are diverse enzymes of Ambler’s
class A or group 2b and 2be of Bush- Jacoby- Medeiros classification, which are able to hydrolyze penicillin, oxyimino-cephalosporins
such as 3ed-generation cephalosporins, and aztreonam [29,30].
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The genes for ESBLs are often carried on plasmids, mobile DNA elements easily shared between bacteria. These plasmids can harbor
resistance genes to various antibiotic classes, creating multidrug-resistant pathogens. Examples include PMQR and aminoglycoside
resistance genes. A significant shift has occurred in the prevalence of different ESBL types. In Africa and Europe, blacrx.m ESBL genes
have become dominant, dramatically increasing compared to blargy and blasyy variants [31].

CTX-M-type beta-lactamases have become the most prevalent ESBL worldwide in K. pneumoniae isolates, with a corresponding
decrease in TEM and SHV prevalence [32].

Interestingly, studies in Iran suggest a different trend. While the prevalence of the blagyy gene remains relatively high and stable,
there has been a recent surge in blatgy and blacrx.m genes compared to previous years [27].

Fast and accurate identification of ESBL-producing strains is crucial for prompt patient treatment and halting the further spread of
resistant strains. The phenotypic identification of ESBL involves the Combination Disc Test (CDT), Double Disc Synergy Test (DDST),
and E-test Strip. Among these methods, the E-test demonstrates higher sensitivity and accuracy compared to CDT and DDST, offering a
straightforward workflow. However, it is notable that the E-test method is costlier than other techniques [33]. To confirm the presence
of resistant genes, molecular tests like PCR, a widely used method, are recommended. Additionally, DNA sequencing or
High-Resolution Melt (HRM) methods can be employed to detect mutations within these genes.

Infections caused ESBL-Kp are a global challenge among physicians because these strains are also resistant to other classes of
antibiotics such as aminoglycosides, FQs, and trimethoprim/sulfamethoxazole [34].

Considering to the importance of the complex problem of antibiotic resistance and the lack of a comprehensive study in the
northern Iran, the purpose of this cross-sectional study was to determine the prevalence of PMQR genes in ESBL-Kp isolates from
clinical samples in Babol, Northern Iran, for the first time.

2. Materials and methods

This descriptive cross-sectional study was approved by the Ethics Committee of the Babol university of medical sciences with the
Ethical code number IR.MUBABOL.HRI.REC.1398.039. Samples were collected from three teaching general hospitals including
Rohani, Beheshti and Yahyanejad. In total, 95 non-duplicative clinical K. pneumoniae isolates obtained from hospitalized patients
during March 2022 to February 2023.

2.1. Sample size and bacterial isolation

We calculate sample size using Stata software version 17.0 (STATA Corp, College Station, Tex). The sample size was calculated
using single population proportion with the following assumptions: 5 % level of significance (a = 0.05), 80 % power of study, 92 %
proportion of PMQR. Therefore, in total 95 non-duplicative K. pneumoniae were isolated from various clinical samples at three large
educational hospitals in Babol, north of Iran. Suspected bacterial colonies were identified by standard methods such as, microscopic
examination, motility test, biochemical test including H2S production, indole production, sugar fermentation, citrate and urease tests,
lysine decarboxylase test, Methyle red test, Voges-Proskauer test using SIM, Triple-sugar iron agar (TSI), citrate and urea agars, LDC
agar and MR-VP medium. All pure K. pneumoniae colonies were conserved in the Brain-Heart Infusion (BHI) broth (Becton Dickinson,
Franklin Lakes, NJ) including 15 % (v/v) glycerol (Merck Co., Germany) at —70 °C for further use. K. pneumoniae ATCC 13883 was
used as quality control.

2.2. Antimicrobial susceptibility testing (AST)

AST was performed using the agar disk diffusion method on Mueller-Hinton agar (MHA) (Merck, Darmstadt, Germany) and ac-
cording to the guidelines of the Clinical and Laboratory Standards Institute (CLSI- 2023). The following antimicrobial discs were used;
nalidixic acid (NA, 30 pg, S: >19, I: 14-18, R: <13), ciprofloxacin (CIP, 5 pg, S: >21, I: 18-20, R: <17), ofloxacin (OFX, 5 pg, S: >16, I:
13-15, R: <12), norfloxacin (NOR, 10 pg, S: >17, I: 13-16, R: <12), levofloxacin (LEV, 5 pg, S: >17, I: 14-16, R: <13), ceftazidime
(CAZ, 30 pg, S: >21, I: 16-20, R: <15), cefotaxime (CTX, 30 pg, S: >26, I: 23-25, R: <22), cefepime (FEP, 30 pg, S: >25, I: 19-24, R:
<18), imipenem (IPM, 10 pg, S: >23, I: 20-22, R: <19), aztreonam (ATM, 30 pg, S: >21, I: 18-20, R: <17), amoxicillin-clavulanate
(AMC, 20/10 pg, S: >18,1: 14-17, R: <13), gentamicin (GM, 10 pg, S: >15, I: 13-14, R: <12), amikacin (AN, 30 pg, S: >17,1: 15-16, R:
<14), tetracycline (TET, 30 pg, S: >15, I: 12-14, R: <11), and trimethoprim-sulfamethoxazole (SXT, 1.25/23.75 pg, S: >16, I: 11-15,
R: <10) (Padtan Teb Co, Iran). Isolates resistant to at least three or more different antimicrobial classes are considered MDR [35].

2.3. ESBL phenotypic confirmation

The Combination disk method was used as a reference approach. On Mueller-Hinton agar, ceftazidime (30 pg), ceftazidime
clavulanate (30/10 pg), cefotaxime (30 pg), and cefotaxime clavulanate (30/10 pg) were employed in compliance with CLSI guidelines
2023. For 16-18 h, the plates were incubated at 37 °C. ESBL producers were identified as a 5-mm increase in zone diameter for in-
dicator cephalosporins with clavulanate instead of indicator cephalosporins alone [36].

Combination disk method was performed using CTX (30 pg) and CAZ (30 pg) with and without clavulanic acid (CLA; 10 pg). The
diameter of the resulting zone of inhibition was compared [37]. The test was considered positive when the difference of zone diameters
between alone and combined disks was > 5 mm.
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2.4. Genomic DNA extraction

Genomic DNA was extracted based on Chen et al. (1993) study with brief modification [38]. The quantity of extracted genome was
checked by 1.0 % agarose gel electrophoresis, while the purity and concentration were assessed using Thermo Scientific NanoDrop
2000 Spectrophotometer (OD2g0,280 = 1.8-2.0 nm). Template DNA kept at —20 °C for more used.

2.5. Molecular detection of resistance determinants

As listed in Table 1, a set of primers are used for PCR. The reactions were carried out in a Techne TC-512 thermocycler (Eppendorf,
Hamburg, Germany) in a final volume of 25 pl according to Table 2. PCR products were subjected to the ultraviolet trans-illuminator
(Bio-Rad, Hercules, USA) after running at 100 V for 60 min on a 1.0 % agarose/TBE 0.5X (45 mM-Tris-borate, 1 mM-EDTA, pH = 8.0)
gel stained with DNA safe stain (SinaClon, Tehran, Iran).

2.6. Statistical analysis

The statistical analysis was done by SPSS software, version 22.0 (IBM, Armonk, NY, USA) and Chi-square test was used to measure
the level of significance. A P-value less than 0.05 were considered statistically significant.

3. Results

In total, 95 non-duplicative K. pneumoniae isolates were obtained from the various clinical samples including, wound (n; 39, 41.05
%), urine (n; 33, 34.73 %), blood (n; 10, 10.52 %), sputum (n; 9, 9.47 %), bronchoalveolar lavage (n; 3, 3.15 %) and cerebrospinal fluid
(n; 1, 1.05 %). The mean age of the patients was 32 + 1.2 years, including, 3 months-4 years (4.2 %, n; 4/95), 5-14 years (11.6 %, n;
11/95), 15-25 years (8.4 %, n; 8/95), 26-36 years (13.7 %, n; 13/95), 37-47 years (15.7 %, n; 15/95), 48-58 years (11.6 %, n; 11/95),
59-69 year (20.0 %, n; 19/95), and >70 years (14.7 %, n; 14/95). Fifty-four (56.8 %) of patients were male. Twenty-one (22.1 %) of
cases were smokers. Three patients were diagnosed with cancer and one patient was suspected of having cystic fibrosis (CF). Six
patients were on dialysis. The most commonly comorbidities were diabetes mellitus (DM) (15.7 %, n; 15/95), hypertension (HP) (14.7
%, n; 14/95), hyperlipidemia (HL) (9.5 %, n; 9/95), cardiovascular disease (CVD) (8.4 %, n; 8/95) and thyroid disorders (7.4 %, n; 7/
95). The samples were obtained from different wards of the hospitals, including inpatients emergency (n; 22, 23.2 %), infectious (n; 19,
20.0 %), ICU (n; 15, 15.7 %), surgery (n; 13, 13.6 %), internal medicine (n; 12, 12.6 %), gynecology (n; 6, 6.3 %), dialysis (n; 6, 6.3 %)
and neurology (n; 2, 2.1 %).

As shown in Table 3, the highest and lowest resistance percentages were related to AMC (n; 76, 80 %) and IPM (n; 3, 3.2 %). The
pattern of resistance to FQs was as follows; NA (n; 23, 24.21 %), CIP (n; 21, 22.1 %), NOR (n; 27, 28.42 %), OFX (n; 18, 18.94 %) and
LEV (n; 20, 21.05 %). Out of 95 K. pneumoniae isolates, 38 (40.0 %) isolates showed resistance to FQs. Among all strains, 26 (27.36 %)
K. pneumoniae isolates were multi-drug resistance (MDR). The results of the combination disk method showed that 71.57 % (n; 68,/95)
isolates had an inhibition zone diameter >5 mm and therefore were considered as ESBL-producers.

Resistance to FQs was higher in ESBL-producing K. pneumoniae (Table 3). Only 3.2 % of the total isolates were resistant to IPM,

Table 1
Sequence of primer pairs used in this study.
Target Genes Primer sequences (5’ —3") Product size (bp) Ref
FQs-resistance genes qnrA F; 5' - AGAGGATTTCTCACGCCAGG -3' 571 [72]
R; 5' - GTCAAGATCTGTGCCTGGCA -3'
qnrS F; 5' - ACGACATTCGTCAACTGCAA -3' 417 [73]
R; 5' - GCCTACAGGGTGCCAATTTA -3'
acc (6)-Ib-cr F; 5' - TTGCGATGCTCTATGAGTGGCTA -3' 482 [22]
R; 5' - AAACACGCCAGGCATTCGAG -3'
qepA F; 5' -GCAGGTCCAGCAGCGGGTAG-3' 218 [74]
R; 5' -CTTCCTGCCCGAGTATCGTG-3'
qnrB F; 5' - ATGACGCCATTACTGTATAA -3' 408 [75]
R; 5' - GATCGCAATGTGTGAAGTTT-3'
0gxA F; 5' - CTCGGCGCGATGATGCT -3' 392 [37]
R; 5' - CCACTCTTCACGGGAGACGA -3'
ogxB F; 5' - TTCTCCCCCGGCGGGAAGTAC -3' 512
R; 5' - CTCGGCCATTTTGGCGCGTA -3'
ESBLs blasyy F:5- ATGCGTTATATTCGCCTGTG -3' 862 [76]
R:5- GTTAGCGTTGCCAGTGCTCG -3'
blargm F:5- AGTATTCAACATTTCCGTGTC -3 850
R:5- GCTTAATCAGTGAGGCACCTATC -3'
blacrx-m F:5- TTTGCGATGTGCAGTACCAGTAA-3' 544

R:5- CGATATCGTTGGTGGTGCCATA -3'

gnr; quinolone resistant, acc (6)-Ib-cr; aminoglycoside 6'-N-acetyltransferase type Ib-cr, gep; quinolone efflux pump, ogx; olaquindox-carbadox, bla;
p-lactamase.
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Table 2
PCR programs and cycles adjusted in the present study.
Reaction Amplified Reaction compounds Multiplex-PCR program Cycles of
set genes amplification
1 qnrA, gnrs, 1.5 pL of template, 12.5 pL of PCR Master Initial denaturation at 94 °C for 7 min, denaturation at 95 °C 32
qepA, ogxA Mix, 1.0 pL of each primer, and 9.0 pL of for 40 s, annealing at 57 °C for 60 s, extension at 72 °C for 60 s
ddH20. and a final extension at 72 °C for 5 min.
2 acc (6)-Ib-cr, 1.0 pL of template DNA, 13.5 pL of initial denaturation at 95 °C for 7 min, denaturation at 94 °C
0gxB CinnaGen PCR Master Mix, 1.1 pL of each  for 55 s, annealing at 57 °C for 50 s, extension at 72 °C for 1
primer, and 8.3 pL of ddH20 min and a final extension at 72 °C for 7 min.
3 qnrB 1.2 pL of template DNA, 12.6 pL of initial denaturation at 94 °C for 5 min, denaturation at 95°C 35
CinnaGen PCR Master Mix, 0.9 pL of each for 55 s, annealing at 54 °C for 50 s, extension at 72 °C for 60 s
primer, and 9.7 pL of ddH20 and a final extension at 72 °C for 5 min.
4 blagyy, 1.8 pL of template DNA, 13.6 pL of initial denaturation at 95 °C for 5 min, denaturation at 95 °C 33
blargy, CinnaGen PCR Master Mix, 1.5 L of each for 60 s, annealing at 58 °C for 45 s, extension at 72 °C for 60 s
blactxm primer, and 6.6 pL of ddH20. and a final extension at 72 °C for 5 min.

which were considered as carbapenem-resistant K. pneumoniae (CRKp). All CRKp isolates were ESBL-producers. As can be deduced
from the PCR results, the prevalence of blatgy, blasyy and blacrx-m genes were 74.73 % (n; 71/95), 57.89 % (n; 55/95) and 41.05 % (n;
39/95), respectively. So, the prevalence of f-lactamase genes in the ESBL-producing isolates was as follows, blatgy (77.94 %, n; 53/
68), blagyy (60.29 %, n; 41/68) and blactx.m (48.52 %, n; 33/68). The frequency of genes encoding PMQR was higher in ESBL-Kp
isolates (Table 4). In total, the distribution of PMQR genes was as follows; gnrA; 4.21 % (n; 4/95), qnrB; 53.68 % (n; 51/95), qnrS;
54.73 % (n; 52/95), acc (6)-Ib-cr; 58.94 % (n; 56/95), gepA; 67.36 % (n; 64/95), 0gxA; 49.47 % (n; 47/95) and 0gxB; 60.00 % (n; 57/
95), respectively. The frequency of PMQR-encoding genes among ESBL-producing-Kp isolates is listed in Table 4. The gnrA gene was
found only in ESBL-positive isolates. The prevalence of PMQR-encoding genes in the quinolone-resistant K. pneumoniae isolates are
shown in Table 5. Out of 26 MDR-Kp isolates, the frequency of qnrA, gnrB, gnrS, acc (6')-Ib-cr, gepA, 0gxA and 0gxB genes were 11.53 %
(n; 3/26), 69.23 % (n; 18/26), 65.38 % (n; 17/26), 73.07 % (n; 19/26), 80.76 % (n; 21/26), 84.61 % (n; 22/26) and 76.92 % (n; 20/
26), respectively. No significant difference was observed in the distribution of PMQR genes in MDR isolates compared to non-MDR (P
value >0.05).

4. Discussion

K. pneumoniae, a common nosocomial opportunistic pathogen, presents a growing challenge due to its increasing antibiotic
resistance. Horizontal gene transfer (HGT) of resistance plasmids, particularly those conferring PMQR, significantly contributes to this
problem [39-41]. These plasmids often carry additional resistance genes, further escalating the threat. The global rise in PMQR
prevalence underlines its crucial role in K. pneumoniae resistance development [42]. Our study detected a substantial 40.0 % FQ
resistance rate in K. pneumoniae isolates. Reported percentages vary regionally, ranging from 41.3 % in Egypt [43] to 60.4 % in Iran
[44], and even 89 % in India [45]. Notably, our study revealed the following resistance pattern: NA (24.21 %), CIP (22.1 %), NOR
(28.42 %), OFX (18.94 %), and LEV (21.05 %). In Iran, the high prevalence of FQ-resistant K. pneumoniae infections poses a significant
medical challenge. While excessive antibiotic use likely contributes to this resistance through genetic factors, further research in this
area is crucial.

ESBLs production is a major resistance mechanism that impedes the antibacterial treatment of K. pneumoniae infections and is a
significant threat to the currently available antibiotic therapy and human health [40,46]. Numerous studies report a strong
co-occurrence of ESBL and plasmid-mediated quinolone resistance PMQR genes, facilitating the emergence of MDR isolates and further
amplifying resistance [11,47-51]. Our study observed a high prevalence of ESBL-producing K. pneumoniae (71.57 %, n = 68/95), in
agreement with reports from Iran and other countries [13,52,53].

In a study performed by Feizabadi et al. in 2010 [54], 69.7 % of K. pneumoniae isolates were ESBL producers. They found that bla
suv (67.4 %) was the most prevalent gene detected and followed by blargy (54 %), blacTx.m-1 (38.2 %), and blacTxm.r (27 %), while in
our study the most prevalent ESBL gene among K. pneumoniae isolates was blargy (74.7 %). In fact, our results indicated that blargy is
the main gene responsible for K. pneumoniae with ESBL phenotype (77.94 %). Goudarzi et al. (2015) revealed that a high presence of
blactx-m (74.9 %), followed by blatgy (70 %) and bla sy (59.9 %), respectively [11]. In study carried out by Sedighi et al. (2017), the
prevalence of the blargy, blactx.m and blagyy was 38 %, 24 %, 19 %, respectively [40]. Sadeghi et al. confirmed that the blargy is the
most dominant gene among ESBL-producing K pneumoniae. These findings suggest a concerningly high prevalence of ESBL genes in
Iran, possibly influenced by regional differences, inadequate antibiotic stewardship, and dissemination of antimicrobial resistance
determinants. Further research is warranted to pinpoint the precise factors contributing to these trends and inform targeted
interventions.

This study confirms the global trend of widespread distribution of plasmid-mediated quinolone resistance (PMQR) genes in
K. pneumoniae. Notably, ESBL-positive isolates displayed higher prevalence of PMQR genes than ESBL-negative isolates, which aligns
with previous reports from Iran and other countries [13,55-57]. This further supports the notion that PMQR determinants and ESBL
genes are likely co-localize on plasmids, facilitating their co-transmission via horizontal gene transfer such as plasmid conjugation
[51]. Among our PMQR genes gnrB, ogxA and ogxB were the most prevalent genes that frequently higher in ESBL producer isolates
than non-ESBL isolates. Interestingly, we observed no significant difference in PMQR gene distribution within MDR isolates compared



Table 3
Antibiotic resistance pattern in K. pneumoniae isolates.
Strains No [(%)] of resistance to antimicrobials in K. pneumoniae
CIP CAZ CTX IPM ATM FEP GM AN AMC TET LEV NOR NA SXT OFX

ESBLs-positive (n; 68) 12(17.5) 21(30.8) 24(353) 3(44) 19(27.9) 20(29.4) 48(70.6) 50(73.5) 60(88.2) 42(61.7) 15(22.0)0 18(26.5) 18(72.0) 61(89.7) 13(19.1)
ESBLs-negative (n; 27) 9 (33.3) 14(51.8) 6(22.2) 0(0.0) 8(29.6) 4(14.8) 4(14.8) 8 (29.6) 16 (59.2) 20(74.1) 5(18.5) 9 (33.3) 5(18.5) 11 (40.7) 5(18.5)
P-value 0.198 0.209 0.364 0.281 0.903 0.243 0.048° 0.037° 0.271 0.609 0.757 0.623 0.52 0.046" 0.956

CIP; ciprofloxacin, CAZ; ceftazidime, CTX; cefotaxime, IPM; imipenem, ATM; aztreonam, FEP; cefepime, GM; gentamicin, AN; amikacin, AMC; amoxicillin-clavulanate, TET; tetracycline, LEV; levo-
floxacin, NOR; norfloxacin, NA; nalidixic acid, OFX; Ofloxacin and SXT; trimethoprim-sulfamethoxazole.
? Significant at 0.05 level.
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Table 4

The distribution of resistance genes in K. pneumoniae isolates.
Selected genes ESBLs-positive (n; 68) ESBLs-negative (n; 27) P-value
qnrA 4 (5.88) 0 (0.0) 0.214
qnrB 41 (60.29) 10 (37.03) 0.245
qnrS 38 (55.88) 14 (51.85) 0.847
acc (6)-Ib-cr 42 (61.76) 14 (51.85) 0.649
qepA 47 (69.11) 17 (62.96) 0.798
0gxA 38 (55.88) 9(33.33) 0.234
0gxB 49 (72.05) 8(29.62) 0.042"
blargm 53 (77.94) 18 (66.66) 0.661
blasuy 41 (60.29) 14 (51.85) 0.695
blacrx-m 33 (48.52) 6 (22.22) 0.113

 Significant at 0.05 level.

Table 5
The prevalence of PMQR genes in the quinolone-resistant and MDR K. pneumoniae isolates.
Bacterial Strains No [(%)] of PMQR -encoding genes
qnrA qnrB qnrS acc (6')-Ib-cr qepA 0ogxA ogxB
Quinolone resistant Kp (n; 38) 4(10.52) 29 (76.31) 28 (73.68) 30 (78.94) 34 (89.47) 28 (73.68) 35(92.1)
MDR-Kp (n; 26) 3(11.53) 18 (69.23) 17 (65.38) 19 (73.07) 21 (80.76) 22 (84.61) 20 (76.92)
P-value 0.91 0.805 0.766 0.843 0.787 0.718 0.636

to non-MDR ones isolates (P value < 0.37). The qnrB (69.23 %), qnrS (65.38 %), acc (6')-Ib-cr (73.07 %), gepA (80.76 %), ogxA (84.61
%) and ogxB (76.92 %) being most frequent. These findings are partially consistent with Malek Jamshidi et al.’s findings in 2019,
which indicated the prevalence of PMQR genes among MDR-Kp isolates as follows: gnrB (25.0 %), gnrS (18.75 %), aac(6’)-Ib-cr (50.0
%) and ogxAB (93.75 %). Overall, these findings imply that the spread of PMQR determinants is largely attributed to plasmid
transmission through horizontal exchange.

Our results revealed a high prevalence (58.9 %) of acc (6')-Ib-cr gene among all isolated K. pneumoniae isolates. In line with our
results, studies carried out in various parts of Iran by Vaziri et al. (2020), Eftekhar et al. (2015), Malek Jamshidi et al. (2019) and
Shams et al. (2015) demonstrated that he frequency of aac(6’)-Ib-cr was 55.6 %, 53.2 %, 50 % and 70.1 %, respectively [13,52,58,59].
The prevalence of gnrB gene (53.6 %) in our study is agreement with Shams et al. (2015) at 46 % and Dehghan Banadkouki et al. (2017)
at 45.7 %; however, it differed from other studies in Iran [13,47,52,58-61]. Moreover, Studies carried out by Tahou et al. (2017) in
Abidjan and Selah et al. (2019) in Togo explained higher frequency of gnrB gene (71.73 % and 60 %, respectively) in K. pneumoniae
isolates [48,62]. This highlights the potential geographical variations in PMQR gene epidemiology. In our survey, the prevalence of the
0gxA (49.5 %) and ogxB (60 %) genes was notably high. This aligns with the study conducted by Amereh et al. (2023) in Iran, which
reported 95 % frequency for ogxA and 98 % for ogxB genes [60]. Similarly, Malek Jamshidi et al. (2019) reported high prevalence of
0gxAB (93.75 %) gene among K. pneumoniae isolates in Iran [59]. The high-level expression of the ogxAB pump has been linked to
reduced susceptibility to FQ in ESBL-producing K. pneumoniae isolates, contributing to the emergence of PMQR strains and ultimately
MDR bacteria [63,64]. Contrastingly, the presence of the gnrA gene (4.2 %) and the high frequency of the gnrS gene (54.7 %) observed
in our K. pneumoniae isolates differed from other research conducted in Iran and other countries [13,58-60,65,66]. Studies by Amereh
etal. (2023), Eftekhar et al. (2015), Malek Jamshidi et al. (2019), and Shams et al. (2015) revealed no K. pneumoniae isolates harboring
the gnrA gene, while gnrS was detected in 9 %, 2.5 %, 18.75 %, and 5.7 % of their investigated isolates, respectively. Vaziri et al. (2020)
reported a prevalence of 7.93 % for the gnrS gene. Conversely, Abossedgh et al. (2020) in Iran found a frequency of 33.3 % for gnrS and
13.7 % for gnrA in K. pneumoniae isolates [47]. Tahou et al. (2017) stated a prevalence of 2.17 % for gqnrA and 26.08 % for gnrS [62].
Correspondingly, in a study conducted by Salah et al. (2019) in Togo, the prevalence of gnrA and gnrS genes among Klebsiella spp. were
7.2 % and 45.45 %, respectively [48]. Additionally, in Morocco (2010), the gnrA gene was detected in 10 % of Klebsiella species [55].
Few studies have been conducted on the gepA gene in Iran. Malek Jamshidi et al. (2019) and Shams et al. (2015) found no evidence of
the gepA gene among ESBL-producing K. pneumoniae isolates, while our study demonstrated a high frequency (67.3 %) of this gene [13,
59]. Notably, the gepA gene was only found in our ESBL-Kp isolates in Iran. Similar observations were made by researchers in France,
Japan, and China, who noted the presence of the gepA gene in clinical isolates. However, studies in Thailand, Korea, and Mexico
reported no gepA gene in K. pneumoniae isolates [49,67-69].

Our findings suggest that the prevalence of PMQR can vary across different regions and hospitals. These variations in PMQR gene
prevalence among studies may reflect regional disparities in quinolone and other antibiotic usage, emphasizing the ongoing need for
surveillance, antimicrobial stewardship, and appropriate antibiotic utilization. Plasmid isolation examination and conjugation ex-
periments in various studies have shown that PMQR genes are carried by high molecular weight conjugative plasmids, enabling their
transfer between different bacteria. This understanding elucidates the epidemic spread of quinolone resistance via horizontal gene
transfer [48,69-71]. The coexistence of ESBL and certain PMQR encoding genes within the same mobile genetic elements could ac-
count for co-resistance to beta-lactams and FQs [48]. Given that these genes are often carried on plasmid and can be easily dissem-
inated among members of Enterobacterales through gene transfer mechanisms, further research is essential for establishing
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appropriate antibiotic treatments and preventing the dissemination of resistance determinants among pathogenic species, including
K. pneumoniae. It’s important to note that in addition to transferable plasmid genes, other mechanisms such as chromosomal point
mutations at the gyrA/B and parC/E genes in the QRDR, as well as alterations in the outer membrane and efflux pumps, also contribute
to FQ resistance [8,9]. Therefore, to validate our results, it seems necessary to conduct comprehensive epidemiological studies to
widely and simultaneously identify all resistance mechanisms. While such extensive studies are costly and time-consuming, their
results can significantly impact the healthcare system by preventing the spread of resistant strains, particularly within hospital settings.

The most important limitations of this study are as follows: First, the study was limited by a relatively small sample size (samples
collected from three teaching hospitals affiliated with Babol University of Medical Sciences, Babol, north of Iran). A larger, multi-
center study would be necessary to improve generalizability of the findings. Other limitation is survey of alternative FQs-resistance
mechanisms, such as mutation types. Finally, the study did not assess the genetic relationships between the resistant strains. This
information could be valuable for elucidating potential transmission patterns and emergence of clonal outbreaks.

5. Conclusion

Our study demonstrates a worrying prevalence of PMQR genes in QR-K.p isolates from Iran, especially among those producing
ESBLs and multidrug-resistant strains. Efflux pumps mechanism might be the main factors for quinolone resistance and MDR; it
enhanced efflux transporters to reduce intracellular drug concentrations. We showed that the blargy ESBL gene is the main factor
responsible for K. pneumoniae with ESBL phenotype. The co-occurrence of PMQR and ESBL genes signifies a significant threat,
contributing to the emergence of MDR bacteria and hampering effective treatment options. To combat this growing challenge, it is
imperative to adhere to key programs, such as antimicrobial stewardship initiatives and the vigilant oversight of judicious antibiotic
prescriptions. Furthermore, rigorous epidemiological studies are essential to examine the prevalence of drug-resistant strains across
diverse geographic regions. Employing highly sensitive and specific diagnostic tests for early detection and screening of resistance
determinants, along with practical monitoring and control strategies, is crucial to thwart the dissemination of pathogenic resistant
strains. Moreover, further investigation is necessary to comprehend the fundamental principles underlying antibiotic resistance, the
mechanisms of drug resistance in pathogenic bacteria, and to develop innovative approaches to address this evolving challenge.
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