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Abstract
Plasmid-mediated quinolone resistance (PMQR) genes confer low resistance to Fluoroquinolones (FQs). This study aims to detect 
five PMQR genes among FQs-resistant Klebsiella pneumoniae isolated from various clinical specimens. Out of 120 K. pneumoniae 
isolates, 68 FQs-resistance K. pneumoniae were included in a molecular study. Standard microbiological tests were used for iden-
tification and antimicrobial susceptibility. For the detection of PMQR genes, conventional polymerase chain reaction was used. A 
molecular study revealed that (73.5%) of samples harbored PMQR genes, and among them, 58% were co-carriages of PMQR gene 
variants. Aac (6’)-Ib-cr gene was predominant (47.1%) among samples, and qepA had the lowest percentage (11.8%), qnr genes were 
(32.4%) (29.4%) (20.6%) qnrS, qnrB, and qnrA respectively. Overall, high percentages of PMQR genes were detected, and almost all of 
samples were phenotypically resistant to ciprofloxacin. As well, there was a significant statistical relationship between phenotypically 
ESBL-producers and qnrB and qepA genes.
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Introduction

Over the last three decades, resistance to fluoroquinolones 
(FQs) has been extensively studied in human and veteri-
nary isolates of bacteria, with a growing trend toward resis-
tance being associated with heavy usage (Pham et al. 2019). 
Previously was believed that FQs resistance could be ac-
quired uniquely through chromosomal mutations (Hoop-
er and Jacoby 2015). In 1998, Martínez-Martínez and Jaco-
by discovered that plasmid could transfer resistance genes 

to reduce susceptibility to FQs between bacteria; after that, 
plasmid-mediated quinolone resistance PMQR was first 
discovered in a clinical isolate of K. pneumoniae.

During the last two decades, three different mecha-
nisms have been associated with the phenomenon of 
PMQR genes (Rodríguez-Martínez et al. 2016), first: 
qnrA, qnrB, qnrC, qnrD, qnr VS, and qnrS genes code 
for proteins of the pentapeptide repeat family that pro-
tects topoisomerase IV and DNA gyrase from FQ in-
hibition (Rahman et al. 2017; Acheampong et al. 2019; 
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Al-Rafyai et al. 2021). Second: aac (6’)-Ib-cr is a variant 
of aac (6’)-Ib conferring resistance to aminoglycosides 
(e.g., amikacin), the -cr include two mutations (Asp-
179Tyr and Trp102Arg) this is a bifunctional variant able 
to acetylate (confer resistance) FQs with a piperazinyl 
substituent (ciprofloxacin and norfloxacin) while FQs 
that do not have this substitution (i.e., levofloxacin) are 
unaffected by this enzyme. The most common PMQR 
gene in FQ-susceptible and resistant clinical isolates 
is the aac (6’)-Ib-cr gene (Machuca et al. 2016). Third: 
OqxAB and qepA genes. QepA is a plasmid-mediated 
efflux pump gene that reduces susceptibility to hydro-
philic FQs, particularly enrofloxacin, norfloxacin, and 
ciprofloxacin (Rahman et al. 2017).

In 2018 a novel mechanism of PMQR genes was iden-
tified on a pUM505 plasmid named the CrpP gene, which 
codes an enzyme-modifies ciprofloxacin (Chávez-Jacobo 
et al. 2018). Soon after, other studies defined that the 
CrpP gene is not always related to ciprofloxacin resis-
tance (Hernández-García et al. 2021), and a recent study 
claimed that CrpP is not a fluoroquinolone-inactivating 
enzyme (Zubyk and Wright 2021). PMQR genes have 
changed the resistance pattern to FQs, especially among 
Enterobacteriales (Vieira et al. 2020). Although the PMQR 
genes confer low-level resistance that does not surpass the 
clinical susceptibility level, they accelerate the selection 
of higher-level resistance and make infection with patho-
gens carrying PMQR more challenging to treat (Rahman 
et al. 2017; Ayobola et al. 2021). Besides, a study in 2018 
claimed that PMQR confirms sufficient resistance to cip-
rofloxacin in Salmonella typhimurium without any chro-
mosomal mutations (Kuang et al. 2018).

Resistance to FQs is widespread in many Gram-nega-
tive bacteria that produce extended-spectrum beta-lact-
amase (ESBLs), including K. pneumoniae (Higashino et al. 
2017). Moreover, PMQR genes are frequently co-located 
with ESBL genes on plasmids; resistance plasmids con-
taining genes for ESBLs can be transferred, which facili-
tates the spread of PMQR determinants among Enterobac-
teriaceae species (Azargun et al. 2018; Xiong et al. 2021).

The importance of this study, according to our knowl-
edge, is the first study in Iraqi Kurdistan to detect PMQR 
genes among ESBL-producers and non ESBL-producers 
FQs-resistant K. pneumoniae from clinical isolates, re-
markably during covid-19 pandemic FQs extensively used 
among inpatient and outpatients. In addition, this study 
may provide information about the prevalence of PMQR 
genes among K. pneumoniae in the Duhok Province 
Kurdistan/Iraq region.

Materials and methods
Study setting and bacterial isolates

A cross-sectional study was conducted between Sep-
tember 2021 and January 2022. During this period, 120 
isolates of K. pneumoniae were collected from different 

clinical samples, including urine (73.3%), sputum (9.2%), 
pus (6.7%), blood (3.3%), vaginal swab (2.5%), vaginal 
discharge (2.5%), bronchial lavage (0.8%), pleural flu-
id (0.8%), and wound (0.8%). Samples were taken from 
outpatient and inpatient from several public and private 
hospitals in different districts of Duhok Province. Ages 14 
years and above and not took antibiotics in the past three 
days from both sexes were included. All isolates were 
identified using conventional biochemical tests (Mahon et 
al. 2019) then isolates were preserved in brain heart infu-
sion and 15% Glycerol at -20 °C until use (Addgene 2021).

Ethical considerations

The ethics committee permitted the study proposal and 
informed consent of the Duhok Polytechnic University 
and Duhok General Health Directorate, Kurdistan Re-
gion, Iraq.

Antimicrobial susceptibility testing

The Kirby-Bauer disk diffusion method was used for the 
antimicrobial susceptibility test, using Mueller Hinton 
agar (NEOGEN, USA). The following disks were used: 
ciprofloxacin (CP, 10 μg), levofloxacin (LOM, 5 μg), nali-
dixic acid (NA, 30 μg), norfloxacin (NOR, 10 μg), amoxi-
cillin/clavulanic acid (AMC, 20+10 μg), cefotaxime (CTX, 
30 μg), ceftazidime (CAZ, 30 μg), imipenem (IPM, 10 μg), 
aztreonam (ATM, 30 μg), gentamicin (GM, 10 μg), ami-
kacin (AK, 10 μg), neomycin (N-10 μg), and nitrofuran-
toin (NF, 300 μg) (Bioanalyses, Turkey). The results were 
interpreted according to CLSI 2021 and EUCAST 2021 
breakpoints guidelines.

ESBL confirmatory test

The double-disc synergy test (DDST) was used to detec-
tion of phenotypically ESBL-producing K. pneumoniae 
using follow antibiotics: cefotaxime (30 μg), ceftazidime 
(30 μg), and (ATM, 30 μg) of amoxicillin/clavulanic acid 
(AMC, 20+10 μg) as described by (Iqbal et al. 2017).

Selecting isolates and DNA extraction

Among 120 isolates, only 68 FQs-resistance K. pneumoni-
ae were selected for molecular study. DNA extraction was 
carried out with an optimized heat shock method, as de-
scribed by (Higashino et al. 2017). The purity of samples 
was 1.75–1.9 (260/280), and concentrations were between 
20–80 (ng/ul) by using the NanoDrop 2000 (Thermofish-
er, USA). The template DNA was stored at -20 °C for PCR 
applications.

PCR Assay and gel electrophoresis

PCR reaction mixtures (20 μl) contained 10 μl 1× Add 
taq-Master mix (Addbio, South Korean), 2 μl DNA template, 
2 μl of forward and reverse primers 10 Pmol (Macrogen, 
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South Korean), and 6 μl Distilled water. A set of 5 primers 
of PMQR were used Table 1. Using the following program: 
Initial denaturation at 94 °C for 5 min 1 cycle. Denatur-
ation at 94 °C for 1 min 30 cycles followed by annealing 
temperature (57 °C for qnrA, qnrB, and qnrS, 54 °C for aac 
(6’)-Ib-cr and 60 °C for qepA genes), extension 1 min at 
72 °C. A final extension at 72 °C for 10 min 1 cycle. For 
K. pneumoniae 16S– 23S ITS (gene specific-species): Initial 
denaturation was 15 mins at 94 °C 1 cycle. Denaturation 
30S at 72 °C 30 cycles followed by annealing 30 s 55 °C, ex-
tensions 50 s at 72 °C. A final extension at 72 °C for 5 mins. 
The amplicon was resolved by electrophoresis on 1.5% aga-
rose gel (Simply, USA) and visualized after staining with a 
safe stain by using 1× TAE buffer (GENETBIO, South Ko-
rea) and 100 bp DNA ladder (GeneDireX, USA).

Statistical analysis

Frequencies, crosstab, P value, and percentages were used 
to describe the data analysis of the study sample. SPSS 
v23.0 (SPSSInc, Chicago, IL, USA).

Results

Sixty-eight FQs-resistance K. pneumoniae from clinical 
isolates were chosen for molecular study; 42 were urine 
and mainly from female patients, while pleural fluid and 
bronchial lavage contained the lowest percentage. Gener-
ally, outpatients were higher than inpatients Table 2.

Ciprofloxacin showed the highest rate of resistance, 
92.6%, among FQs. At the same time, norfloxacin and 
ofloxacin showed a lesser resistance rate among FQs. In 
addition, 32 samples were ESBL-producers Table 3.

Among 32 carriages of aac (6’)-Ib-cr, 31 samples were 
resistant to ciprofloxacin, and among eight samples har-
boring qepA, all were resistant to ciprofloxacin. In addition, 
there was a significant relationship between ESBL-produc-
ers and harboring QepA and QnrB genes Table 4.

In a total of 50 K. pneumoniae harboring PMQR genes, 27 
samples harbored more than one PMQR gene variants and 
only one sample was with all targeted PMQR genes Table 5.

Table 1. Primers used in this study.

Genes Primer sequences Base 
pairs

References

QnrA TTCTCACGCCAGGATTTGAG 
TGCCAGGCACAGATCTTGAC

571 Bouchakour et 
al. 2010

QnrB TGGCGAAAAAATTGAACAGAA 
GAGCAACGATCGCCTGGTAG

594 Bouchakour et 
al. 2010

QnrS GACGTGCTAACTTGCGTGAT 
AACACCTCGACTTAAGTCTGA

388 Bouchakour et 
al. 2010

Aac (6’)-Ib-cr TTGCGATGCTCTATGAGTGGCTA 
CTCGAATGCCTGGCGTGTTT

482 Eftekhar and 
Seyedpour 2015

QepA CTGCAGGTACTGCGTCATG 
CGTGTTGCTGGAGTTCTTC

403 Cattoir et al. 
2008

K. pneumoniae 
16S–23S ITS

ATTTGAAGAGGTTGCAAACGAT 
TTCACTCTGAAGTTTTCTTGTGTTC

130 Liu et al. 2008

Table 2. Distributions of clinical specimens related to sexes and 
hospital status.

Samples Hospital status Total
Inpatient Outpatient

Male Female Male Female
Urine 2 5 5 30 42
Pus 2 2 2 2 8
Sputum 5 2 0 1 8
Blood 3 0 0 0 3
Wound 2 1 0 0 3
HVS 0 0 0 2 2
Pleural fluid 0 1 0 0 1
Bronchial lavage 1 0 0 0 1
Total 15 11 7 35 68

Table 3. Antibiotic susceptibility and ESBL tests of K. pneumoniae.

Antibiotics Sensitive (%) Intermediate 
(%)

Resistance 
(%)

Total (%)

Ciprofloxacin 4 (5.9) 1 (1.5) 63 (92.6)
Levofloxacin 12 (17.6) 12 (17.6) 44 (64.7)
Norfloxacin 25 (36.8) 3 (4.4) 40 (58.8) 68 (100.0)
Ofloxacin 23 (33.8) 5 (7.4) 40 (58.8)
Nalidixic acid 9 (21.4) 6 (14.3) 27 (64.3) 42 (100.0)*

Amoxicillin/ 
Clavulanic acid

13 (19.1) 10 (14.7) 45 (66.2)

Cefotaxime 11 (16.2) 1 (1.5) 56 (82.4)
Ceftazidime 11 (16.2) 7 (10.3) 50 (73.5)
Aztreonam 16 (23.5) 10 (14.7) 42 (61.8) 68 (100.0)
Imipenem 32 (47.1) 3 (4.4) 33 (48.5)
Amikacin 20 (29.4) 11 (16.2) 37 (54.4)
Gentamicin 32 (47.1) 1 (1.5) 35 (51.5)

ESBL -Producing 32 positives 36 negatives 68 (100.0)

*twenty-six samples were not urine samples therefore NA not applicable.

Table 4. Distributions of PMQR genes among ESBL-producers 
and FQs-resistance.

Target genes Total of 
PMQR (%) 

ESBL producer Phenotypic pattern FQs 
resistant

FQs 
No.Yes No P. value

QepA 8 (11.8) 7 1 0.01 CIP 8
NAL, NOR, OFX and LVX 6

QnrS 22 (32.4) 11 11 0.46 CIP 21
LVX 14
NAL 8

NOR and OFX 13
QnrB 20 (29.4) 13 7 0.05 CIP 19

LVX 12
NOR AND OFLO 11

NAL 8
QnrA 14 (20.6) 9 5 0.12 CIP 13

LVX 7
NOR, OFLO and NA 6

Aac (6’)-Ib-cr 32 (47.1) 17 15 0.24 CIP 31
LVX 23

NOR and OFX 22
NAL 15

Table 5. Frequency of PMQR genes harbored by each sample.

Harboring Two genes 
of PMQR

Three 
genes of 
PMQR

Four genes 
of PMQR

Five genes 
of PMQR

Total of 
co-carriage 

(%)
Outpatients 9 8 3 1 21
Inpatients 5 1 None None 6
Total of PMQR 14 9 3 1 27 (54.0)



Abdulkareem MM et al.: Molecular detection of PMQR in Klebsiella pneumoniae228

Discussion
PMQR genes consist of three different mechanisms, and 
about nine genes are responsible for those mechanisms 
(Rahman et al. 2017). However, in the present study only 
following five genes (qnrA, qnrB, qnrS, aac (6’)-Ib-cr and 
qepA) included.

Plasmids carrying PMQR have been identified main-
ly in Enterobacteriales, including Klebsiella, Enterobacter, 
Salmonella species and Escherichia coli (Jacoby, 2018). 
Since K. pneumoniae is the major cause of hospital-ac-
quired pneumonia, urinary tract infections, septicemia, 
and soft tissue infections are also considered risk factors 
for severe community-acquired infections (Wang et al. 
2020). In addition, the first PMQR gene was detected in 
K. pneumoniae, and most studies indicate a greater fre-
quency of PMQR genes in K. pneumoniae than in E. coli 
(Eftekhar and Seyedpour 2015; Ferjani et al. 2015). There-
fore, it was worth studying K. pneumoniae. Notably, there 
are no studies on PMQR among K. pneumoniae or other 
bacteria in Iraqi Kurdistan.

Since most of the samples in this study came from 
urine, most of the K. pneumoniae isolates were found in 
urine. Our result shows that out of 68 samples, urine sam-
ples were the most common among other samples 42/68, 
which is near to the study done in Iran by (Eftekhar and 
Seyedpour 2015), and among those 42 urine samples, 35 
were from females. These results are near to the study 
done in Iraq by (Mohammed et al. 2019; Ahmed Hasan 
et al. 2021).

A molecular study of this study found that 47.1% of 
samples harbored the aac (6’)-Ib-cr gene, which it ap-
pears that the aac (6’)-Ib-cr gene is more prevalent than 
any other qnr genes; this result agrees with similar stud-
ies conducted in the south of Iraq, in Baghdad, Kareem 
et al. (2018) found out of 27 K. pneumoniae 92.5% har-
bored aac (6’)-Ib-cr and in Najaf, in a total of 74 K. pneu-
moniae 52.7% has been reported (Al-Hilali et al. 2021). In 
Tehran, Iran was 53.2% (Eftekhar and Seyedpour 2015), 
Kashan-Iran (70.1%) (Shams et al. 2015), Saudi Arabia, 
51.6% (Al-Agamy et al. 2018), in Jordan, 50% (Idris et al. 
2017). Syria, out of 123 E. coli and K. pneumoniae, 75.6% 
had aac (6’)-Ib-cr (Alheib et al. 2015). High percentages 
of this gene could be back to the overuse of aminoglyco-
sides or hydrophilic FQs in that region and time, as it is 
known bacteria, to survive could transfer antibiotic resis-
tance genes among other bacteria (Jacoby et al. 2014). The 
aac (6’)-Ib-cr gene plays a crucial role in the emergence of 
clinical ciprofloxacin resistance. Hence, this is especially 
concerning at the nosocomial level, where strains carrying 
aac (6’)-Ib-cr should be rapidly identified and treated with 
non-hydrophilic FQs, such as ofloxacin or levofloxacin 
(Frasson et al. 2011).

Our results found that the percentage of qnrS was 
32.4%. This result near to Nourozi et al. (2020) in Teh-
ran, Iran, found that in a total of 80 K. pneumoniae iso-
lates 34% had qnrS, and Kareem et al. (2018) found that 
in all 27 K. pneumoniae, 37% had qnrS in Baghdad, Iraq. 

In Turkey, the percentage was higher than in our study; 
out of 22 K. pneumoniae, 86.4% harbored qnrS (Unlu and 
Demirci 2020). On the other hand, some studies revealed 
fewer percentages; a study in Mashhad, Iran, found that 
among 130 K. pneumoniae (15.4%) of isolates harbored 
qnrS (Izadi et al. 2017), and another study in Tehran, Iran 
revealed that 79 isolates 2.5% harbored qnrS (Eftekhar 
and Seyedpour 2015). Azadpour et al. (2014) in Lorestan, 
Iran, found only one qnrS (5.5%) among 18 K. pneumo-
niae. Al-Hilali et al. (2021) detected only one qnrS. Sim-
ilarly, Hadi et al. (2016) found that out of 20 K. pneumo-
niae, only one sample had the qnrS gene. While in Mosul, 
Mahmood and Abdullah (2015), among 57 isolates, did 
not find any qnrS gene. The reason behind these variations 
could be back to the sample size.

We found that 29.4% of isolates had qnrB. Our result is 
in accordance with the two studies done in Tehran, Iran, 
in which about 79 K. pneumoniae, 30.4% carried qnrB 
(Eftekhar and Seyedpour 2015), and out of 88 K. pneumo-
niae, the qnrB was present in 43% of isolates (Nourozi et 
al. 2020). In Togo, West Africa found out of 64 Klebsiella 
spp. 30.8% had qnrB. While in the south of Iraq, different 
percentages have been reported. Kareem et al. (2018) in 
Baghdad reported 51.8%, Mosul 15.8% (Mahmood and 
Abdullah 2015) Najaf 23% (Al-Hilali et al. 2021). Anoth-
er study in Najaf by Alshammari and Al-Skhattat (2015) 
found that out of 89 K. pneumoniae isolates from clinical 
and environmental specimens, only one sample had qnrB. 
These variations in the frequency of qnrS and qnrB genes 
may be due to the geographic distribution of the PMQR 
genes or criteria of selection of FQs-resistance bacteria 
from clinical samples in that time and region.

A 20.6% of our samples harbored qnrA. This per-
centage has not previously been reported in Iraq among 
K. pneumoniae or other bacteria from clinical isolates. In 
their isolates, Hadi et al. (2016) and Al-Hilali et al. (2021) 
and found qnrA only in two samples. Alshammari and 
Al-Skhattat (2015) isolate one. Mahmood and Abdullah 
(2015) did not find qnrA. Similarly, some studies in Iran 
did not find qnrA (Azadpour et al. 2014; Eftekhar and 
Seyedpour 2015; Abbasi and Ranjbar 2018). In compar-
ison, our result is near to Mahdane et al. (2022), which 
found that out of 80 E. coli and K. pneumoniae samples, 
26.8% harbored qnrA. In general, qnrB seems somewhat 
more common than qnrA (Jacoby et al. 2014).

During the present study, qepA had the lowest percent-
age of other PMQR genes, which was 11.8% in a total of 68 
isolates. However, a high percentage has been reported by 
Kareem et al. (2021) in Iraq, in a total of 27 K. pneumoniae 
(40.7%) harbored qepA, while Alshammari and Al-Skhat-
tat (2015) found 4.5% in total of 89 K. pneumoniae had 
qepA. Some studies from other countries, such as Syria 
and Jordan, did not find qepA (Alheib et al. 2015; Idris et 
al. 2017). In Iran, out of 247 K. pneumoniae, 2% harbored 
qepA (Goudarzi et al. 2015).

In a total of 68 samples, 50 samples harbored PMQR 
genes, 46% had one gene, and 54% had more than one 
gene. Higher levels of FQs resistance have been noticed 
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when the plasmid carries two or more FQs gene resis-
tance (Jacoby et al. 2014). High frequency of qnrB and 
aac (6’)-Ib-cr has been reported in K. pneumoniae (Eft-
ekhar and Seyedpour 2015), but in our study, co-carriage 
of qnrA and aac (6’)-Ib-cr found in 20% of samples, and 
14 isolates had qnrB and aac (6’)-Ib-cr. It is uncommon 
for a single isolate to possess more than two PMQR genes 
(Vinué et al. 2020). While in the current study, 26% of 
samples had three or more PMQR genes, which consid-
er a high percentage. High co-carriage of PMQR genes in 
our study could be back to the over and misusing of FQs, 
improper hygiene and not strict guidelines for infection 
control leading to bacteria becoming resistant in the com-
munity and hospital settings.

Beta-lactam and FQs antibiotics are the most signif-
icant antibiotic agents used to treat K. pneumoniae in-
fections (Goudarzi et al. 2015). Numerous studies have 
proved the link between PMQR determinants and the 
expression of ESBLs (Azargun et al. 2018). In the current 
study, there was a statically significant relationship among 
phonetically ESBL-producers and qepA and QnrB, while 
for other genes, statistically was not significant; this may 
be because the ESBL production was confirmed only by 
DDST, although this test considered the most accurate 
than other phenotypic confirmatory tests (Iqbal et al. 
2017) however, the coexistence of AmpC gene may result 
in false negatives (Kaur and Chopra 2013). In comparison, 
some studies were confirmed genotypically. For example, 
a study in Azerbaijan and Iran revealed that genotypically 

confirmed Enterobacteriales that are ESBL-producing in 
UTI isolates had high FQs resistance and PMQR genes 
(Azargun et al. 2018). Another study in which DDST 
confirmed ESBL-producers found PMQR was more fre-
quent in ESBL-producing K. pneumoniae (Izadi et al. 
2017). However, FQ resistance in ESBL-producers is an 
urgent health concern in countries where ESBL-produc-
ing K. pneumoniae is prevalent (Higashino et al. 2017). 
Therefore, Monitoring and epidemiological studies are 
required to stop the spreading FQs resistance among ES-
BL-producers.

Conclusion

During this study, most samples were resistant to cipro-
floxacin; nearly half of the samples were ESBL-producers. 
A molecular study detected a high percentage of PMQR 
genes. The aac (6’)-Ib-cr gene was more prevalent than 
any other PMQR gene. Among PMQR-harbored samples, 
54% had more than one PMQR gene.

Acknowledgement

We would like to thank all members of the Research Center 
of College of Science/ Duhok University and Azadi teach-
ing hospital for their friendly collaboration in addition to 
all persons who helped us during conducting this work.

References
Abbasi H, Ranjbar R (2018) The prevalence of quinolone resistance 

genes of A, B, S in Escherichia coli strains isolated from three major 
hospitals in Tehran, Iran. Central European Journal of Urology 71: 
129–133. https://doi.org/10.5173/ceju.2018.1539

Acheampong G, Owusu M, Owusu-Ofori A, Osei I, Sarpong N, Sylverken 
A, Kung H-J, Cho S-T, Kuo C-H, Park SE, Marks F, Adu-Sarkodie Y, 
Owusu-Dabo E (2019) Chromosomal and plasmid-mediated fluoro-
quinolone resistance in human Salmonella enterica infection in Gha-
na. BMC Infectious Diseases 19(1): e898. https://doi.org/10.1186/
s12879-019-4522-1

Addgene (2021) Creating Bacterial Glycerol Stocks for Long-term Stor-
age of Plasmids. [Cited 2021.] https://www.addgene.org/protocols/
create-glycerol-stock [Date of access May 15, 2022]

Ahmed Hasan S, Fakhraddin Raheem T, Mohammed Abdulla H (2021) 
Phenotypic, antibiotyping, and molecular detection of Klebsiella pneu-
moniae isolates from clinical specimens in Kirkuk, Iraq. Archives of Razi 
Institute 76: 1061–1067. https://doi.org/10.22092/ari.2021.355770.1721

Al-Agamy MH, Aljallal A, Radwan HH, Shibl AM (2018) Characteri-
zation of carbapenemases, ESBLs, and plasmid-mediated quino-
lone determinants in carbapenem-insensitive Escherichia coli and 
Klebsiella pneumoniae in Riyadh hospitals. Journal of Infection and 
Public Health 11(1): 64–68. https://doi.org/10.1016/j.jiph.2017.03.010

Al-Hilali SA, Hadi ZJ, Aljayashi KG (2021) Prevalence of Plasmid-me-
diated quinolone resistance genes among Ciprofloxacin-nonsuscep-
tible Escherichia coli and Klebsiella pneumoniae isolated from clinical 

isolates in Najaf, Iraq. Research Journal of Pharmacy and Technology 
14: 163–169. https://doi.org/10.52711/0974-360X.2021.00348

Al-Rafyai HM, Alwash MS, Al-Khafaji NS (2021) Quinolone resistance 
(qnrA) gene in isolates of Escherichia coli collected from the Al-Hil-
lah River in Babylon Province, Iraq. Pharmacia 68(1): 1–7. https://
doi.org/10.3897/pharmacia.68.e57819

Alheib O, Al-Kayali R, Abajy MY (2015) Prevalence of Plasmid-Medi-
ated Quinolone Resistance (PMQR) determinants among Extended 
Spectrum Beta-Lactamases (ESBL)-producing isolates of Escherichia 
coli and Klebsiella pneumoniae in Aleppo, Syria. Archives of Clinical 
Infectious Diseases 10(3): 1–5. https://doi.org/10.5812/archcid.20631

Alshammari MMM, Al-Skhattat HA (2015) Detection of plasmid-me-
diated quinolone resistance genes in clinical and environmental 
hospital isolates of Klebsiella pneumoniae in Al-Najaf city Klebsiella 
pneumoniae. Kufa journal for nursing sciences 5: 1–19.

Ayobola ED, Oscar WO, Ejovwokoghene EF (2021) Occurrence of 
plasmid mediated fluoroquinolone resistance genes amongst enter-
ic bacteria isolated from human and animal sources in Delta State, 
Nigeria. AIMS microbiology 7: 75–95. https://doi.org/10.3934/mi-
crobiol.2021006

Azadpour M, Soleimani Y, Rezaie F, Nikanpour E, Mahmoudvand H, 
Jahanbakhsh S (2014) Prevalence of qnr Genes and Antibiotic Sus-
ceptibility Patterns among Clinical Isolates of Klebsiella pneumoni-
ae in West of Iran. Journal of Bacteriology & Parasitology 5(5): 1–4. 
https://doi.org/10.4172/2155-9597.1000202

https://doi.org/10.5173/ceju.2018.1539
https://doi.org/10.1186/s12879-019-4522-1
https://doi.org/10.1186/s12879-019-4522-1
https://www.addgene.org/protocols/create-glycerol-stock
https://www.addgene.org/protocols/create-glycerol-stock
https://doi.org/10.22092/ari.2021.355770.1721
https://doi.org/10.1016/j.jiph.2017.03.010
https://doi.org/10.52711/0974-360X.2021.00348
https://doi.org/10.3897/pharmacia.68.e57819
https://doi.org/10.3897/pharmacia.68.e57819
https://doi.org/10.5812/archcid.20631
https://doi.org/10.3934/microbiol.2021006
https://doi.org/10.3934/microbiol.2021006
https://doi.org/10.4172/2155-9597.1000202


Abdulkareem MM et al.: Molecular detection of PMQR in Klebsiella pneumoniae230

Azargun R, Sadeghi MR, Soroush Barhaghi MH, Samadi Kafil H, 
Yeganeh F, Ahangar Oskouee M, Ghotaslou R (2018) The prevalence 
of plasmid-mediated quinolone resistance and ESBL-production in 
Enterobacteriaceae isolated from urinary tract infections. Infection 
and Drug Resistance 11: 1007–1014. https://doi.org/10.2147/IDR.
S160720

Bouchakour M, Zerouali K, Gros Claude JD, Amarouch H, El Mdaghri 
N, Courvalin P (2010) Plasmid-mediated quinolone resistance in 
expanded spectrum beta lactamase producing Enterobacteriaceae in 
Morocco. Journal of infection in developing countries 4: 779–803. 
https://doi.org/10.3855/jidc.796

Cattoir V, Poirel L, Nordmann P (2008) Plasmid-mediated quinolone re-
sistance pump QepA2 in an Escherichia coli isolate from France. Anti-
microbial Agents and Chemotherapy 52(10): 3801–3804. https://doi.
org/10.1128/AAC.00638-08

Chávez-Jacobo VM, Hernández-Ramírez KC, Romo-Rodríguez 
P, Pérez-Gallardo RV, Campos-García J, Gutiérrez-Corona JF, 
García-Merinos JP, Meza-Carmen V, Silva-Sánchez J, Ramírez-Díaz 
MI (2018) CrpP Is a Novel Ciprofloxacin-Modifying Enzyme En-
coded by the Pseudomonas aeruginosa pUM505 Plasmid. Antimi-
crobial Agents and Chemotherapy 62(6): e02629–e17. https://doi.
org/10.1128/AAC.02629-17

CLSI [Clinical and Laboratory Standards Institute] (2021) M100 Perfor-
mance Standards for Antimicrobial Susceptibility Testing (31th edn.). 
Wayne, Pennsylvania, 35–46.

Eftekhar F, Seyedpour SM (2015) Prevalence of qnr and aac (6’)-Ib-cr 
genes in clinical isolates of Klebsiella pneumoniae from Imam Hus-
sein hospital in Tehran. Iranian Journal of Medical Sciences 40: 515–
521. https://doi.org/10.5812/jjm.11136

EUCAST [The European Committee on Antimicrobial Susceptibility 
Testing] (2021) Breakpoint tables for interpretation of MICs and 
zone diameters, version 10.0. https://www.eucast.org/clinicalbreak-
points/ [Jan. 1, 2022]

Ferjani S, Saidani M, Amine FS, Boutiba-Ben Boubaker I (2015) Preva-
lence and characterization of plasmid-mediated quinolone resistance 
genes in extended-spectrum β-lactamase-producing Enterobacteria-
ceae in a Tunisian hospital. Microbial Drug Resistance 21(2): 158–
166. https://doi.org/10.1089/mdr.2014.0053

Frasson I, Cavallaro A, Bergo C, Richter SN, Palù G (2011) Prevalence 
of aac (6’)-Ib-cr plasmid-mediated and chromosome-encoded fluo-
roquinolone resistance in Enterobacteriaceae in Italy. Gut Pathogens 
3(1): 1–12. https://doi.org/10.1186/1757-4749-3-12

Goudarzi M, Azad M, Seyedjavadi SS (2015) Prevalence of plas-
mid-mediated quinolone resistance determinants and OqxAB efflux 
pumps among extended-spectrum β-lactamase producing Klebsi-
ella pneumoniae isolated from patients with nosocomial urinary 
tract infection in Tehran, Iran. Scientifica 518167: 1–7. https://doi.
org/10.1155/2015/518167

Hadi ZJ, Hassein SAM, Almohana AM (2016) Prevalence of Plasmid-Me-
diated Quinolone Resistance Genes (qnr) in Clinical Isolates of K. 
pneumoniae in Najaf. Al-Qadisiyah Medical Journal 12: 155–160.

Hernández-García M, García-Castillo M, García-Fernández S, López-Men-
doza D, Díaz-Regañón J, Romano J, Pássaro L, Paixão L, Cantón R 
(2021) Presence of chromosomal crpP-like genes is not always associ-
ated with ciprofloxacin resistance in Pseudomonas aeruginosa clinical 
isolates recovered in ICU patients from Portugal and Spain. Microor-
ganisms 9(2): е388. https://doi.org/10.3390/microorganisms9020388

Higashino M, Murata M, Morinaga Y, Akamatsu N, Matsuda J, Takeda K, 
Kaku N, Kosai K, Uno N, Hasegawa H, Yanagihara K (2017) Fluoro-
quinolone resistance in extended-spectrum β-lactamase-producing 
Klebsiella pneumoniae in a Japanese tertiary hospital: Silent shifting 
to CTX-M-15-producing K. pneumoniae. Journal of Medical Micro-
biology 66(10): 1476–1482. https://doi.org/10.1099/jmm.0.000577

Hooper DC, Jacoby GA (2015) Mechanisms of drug resistance: Quino-
lone resistance. Annals of the New York Academy of Sciences 
1354(1): 12–31. https://doi.org/10.1111/nyas.12830

Idris SL, Shboul SA, Dabo NT (2017) Detection of quinolone resistance 
genes of Klebsiella pneumoniae Isolated from patients with urinary 
tract infection attending some selected hospitals in Irbid, Jordan. 
Umyu Journal of Microbiology Research 2: 130–135.

Iqbal R, Ikram N, Shoaib M, Asad MJ, Mehmood RT, Niazi A (2017) 
Phenotypic confirmatory disc diffusion test (PCDDT), double disc 
synergy test (DDST), E-test OS diagnostic tool for detection of ex-
tended spectrum beta lactamase (ESBL) producing Uropathogens. 
Journal of Applied Biotechnology & Bioengineering 3: 333–349. 
https://doi.org/10.15406/jabb.2017.03.00068

Izadi N, Naderi Nasab M, Harifi Mood E, Meshkat Z (2017) The Fre-
quency of qnr Genes in Extended-Spectrum β-lactamases and 
non-ESBLs Klebsiella pneumoniae Species Isolated from Patients in 
Mashhad, Iran. Iranian Journal of Pathology 12(4): 377–383. https://
doi.org/10.30699/ijp.2017.28317

Jacoby GA (2018) Study of plasmid-mediated quinolone resistance in 
bacteria. Methods in Molecular Biology 1703: 317–325. https://doi.
org/10.1007/978-1-4939-7459-7_22

Jacoby GA, Strahilevitz J, Hooper DC (2014) Plasmid-mediated 
quinolone resistance. Microbiology spectrum 2: 1–32. https://doi.
org/10.1128/microbiolspec.PLAS-0006-2013

Kareem SM, Al-Kadmy IM, Kazaal SS, Ali ANM (2018) Antibiotic sus-
ceptibility profile and molecular characterization of quinolones re-
sistant Klebsiella pneumonia Isolates: First report from Iraq. Indian 
Journals 9: е12676. https://doi.org/10.5958/0976-5506.2018.01914.9

Kareem SM, Al-Kadmy I, Kazaal SS, Mohammed Ali AN, Aziz SN, 
Makharita RR, Algammal AM, Al-Rejaie S, Behl T, Batiha GE-S, 
El-Mokhtar MA, Hetta HF (2021) Detection of gyrA and parC mu-
tations and prevalence of plasmid-mediated quinolone resistance 
genes in Klebsiella pneumoniae. Infection and Drug Resistance 14: 
555–563. https://doi.org/10.2147/IDR.S275852

Kaur J, Chopra S (2013) Modified double disc synergy test to detect 
ESBL production in urinary isolates of Escherichia coli and Klebsi-
ella pneumoniae. Journal of Clinical and Diagnostic Research: JCDR 
7(2): 229–233. https://doi.org/10.7860/JCDR/2013/4619.2734

Kuang D, Zhang J, Xu X, Shi W, Chen S, Yang X, Su X, Shi X, Meng J 
(2018) Emerging high-level ciprofloxacin resistance and molecular 
basis of resistance in Salmonella enterica from humans, food and an-
imals. International Journal of Food Microbiology 280: 1–9. https://
doi.org/10.1016/j.ijfoodmicro.2018.05.001

Liu Y, Liu C, Zheng W, Zhang X, Yu J, Gao Q, Hou Y, Huang X (2008) 
PCR detection of Klebsiella pneumoniae in infant formula based on 
16S–23S internal transcribed spacer. International Journal of Food 
Microbiology 125(3): 230–235. https://doi.org/10.1016/j.ijfoodmi-
cro.2008.03.005

Machuca J, Ortiz M, Recacha E, Díaz-De-Alba P, Docobo-Perez F, Ro-
dríguez-Martínez J-M, Pascual Á (2016) Impact of AAC (6’)-Ib-cr in 
combination with chromosomal-mediated mechanisms on clinical 

https://doi.org/10.2147/IDR.S160720
https://doi.org/10.2147/IDR.S160720
https://doi.org/10.3855/jidc.796
https://doi.org/10.1128/AAC.00638-08
https://doi.org/10.1128/AAC.00638-08
https://doi.org/10.1128/AAC.02629-17
https://doi.org/10.1128/AAC.02629-17
https://doi.org/10.5812/jjm.11136
https://www.eucast.org/clinicalbreakpoints/
https://www.eucast.org/clinicalbreakpoints/
https://doi.org/10.1089/mdr.2014.0053
https://doi.org/10.1186/1757-4749-3-12
https://doi.org/10.1155/2015/518167
https://doi.org/10.1155/2015/518167
https://doi.org/10.3390/microorganisms9020388
https://doi.org/10.1099/jmm.0.000577
https://doi.org/10.1111/nyas.12830
https://doi.org/10.15406/jabb.2017.03.00068
https://doi.org/10.30699/ijp.2017.28317
https://doi.org/10.30699/ijp.2017.28317
https://doi.org/10.1007/978-1-4939-7459-7_22
https://doi.org/10.1007/978-1-4939-7459-7_22
https://doi.org/10.1128/microbiolspec.PLAS-0006-2013
https://doi.org/10.1128/microbiolspec.PLAS-0006-2013
https://doi.org/10.5958/0976-5506.2018.01914.9
https://doi.org/10.2147/IDR.S275852
https://doi.org/10.7860/JCDR/2013/4619.2734
https://doi.org/10.1016/j.ijfoodmicro.2018.05.001
https://doi.org/10.1016/j.ijfoodmicro.2018.05.001
https://doi.org/10.1016/j.ijfoodmicro.2008.03.005
https://doi.org/10.1016/j.ijfoodmicro.2008.03.005


Pharmacia 70(1): 225–231 231

quinolone resistance in Escherichia coli. The Journal of Antimicrobial 
Chemotherapy 71(11): 3066–3071. https://doi.org/10.1093/jac/dkw258

Mahdane R, Alireza G, Ali H (2022) Detection of qnrA, qnrB, and qnrS 
genes in Klebsiella pneumoniae and Escherichia coli isolates from 
leukemia patients. Reviews and Research in Medical Microbiology 
33(1): 14–19. https://doi.org/10.1097/MRM.0000000000000250

Mahmood MT, Abdullah BA (2015) Detection of qnr genes in ESBLs 
producing and non-producing coliforms. Mosul Journal of Nursing 
3: 26–33. https://doi.org/10.33899/mjn.2015.160017

Mahon CR, Lehman DC, Manuselis G (2019) Textbook of Diagnostic 
Microbiology (5th edn.). Chine, Elsevier, 428 pp.

Martínez-Martínez L, Pascual A, Jacoby GA (1998) Quinolone resis-
tance from a transferable plasmid. Lancet 35(9105): 797–799. https://
doi.org/10.1016/S0140-6736(97)07322-4

Mohammed HH, Saadi AT, Yaseen NA (2019) Detection of carbapenem 
antibiotic resistance in Klebsiella pneumonia in Duhok city/Kurdis-
tan region/Iraq. Duhok Medical Journal 14(1): 28–43.

Nourozi M, Mirkalantari SH, Omidi S (2020) Frequency of plasmid-me-
diated quinolone resistance genes qnrA, qnrB, and qnrS among clinical 
isolates of Klebsiella pneumoniae. Journal of Applied Biotechnology 
Reports 2(4): 203–207. https://doi.org/10.30491/JABR.2020.120187

Pham T, Ziora ZM, Blaskovich M (2019) Quinolone antibiotics. RSC 
Medicinal Chemistry 10(10): 1719–1739. https://doi.org/10.1039/
C9MD00120D

Rahman Z, Islam A, Rashid MU, Johura FT, Monira S, Watanabe H, Ahmed 
N, Camilli A, Alam M (2017) Existence of a novel qepA variant in 
quinolone resistant Escherichia coli from aquatic habitats of Bangladesh. 
Gut Pathogens 9(1): 2–4. https://doi.org/10.1186/s13099-017-0207-8

Rodríguez-Martínez JM, Machuca J, Cano ME, Calvo J, Martínez-
Martínez L, Pascual A (2016) Plasmid-mediated quinolone resis-
tance: Two decades on. Drug Resistance Updates 29: 13–29. https://
doi.org/10.1016/j.drup.2016.09.001

Shams E, Firoozeh F, Moniri R, Zibaei M (2015) Prevalence of plas-
mid-mediated quinolone resistance genes among extended-spec-
trum β-lactamase-producing Klebsiella pneumoniae human iso-
lates in Iran. Journal of Pathogens 2015: e434391. https://doi.
org/10.1155/2015/434391

Unlu O, Demirci M (2020) Detection of carbapenem-resistant Klebsi-
ella pneumoniae strains harboring carbapenemase, beta-lactamase 
and quinolone resistance genes in intensive care unit patients. GMS 
hygiene and infection control 15: 1–8. https://doi.org/10.3205/
dgkh000366

Vieira DC, Lima WG, de Paiva MC (2020) Plasmid-mediated quinolone 
resistance (PMQR) among Enterobacteriales in Latin America: A sys-
tematic review. Molecular Biology Reports 47(2): 1471–1483. https://
doi.org/10.1007/s11033-019-05220-9

Vinué L, Sater M, Herriott IC, Huntley MH, Wang M, Jacoby GA, 
Hooper DC (2020) Plasmids and genes contributing to high-level 
quinolone resistance in Escherichia coli. International Journal Of An-
timicrobial Agents 56(1): e105987. https://doi.org/10.1016/j.ijantim-
icag.2020.105987

Wang G, Zhao G, Chao X, Xie L, Wang H (2020) The characteristic of 
virulence, biofilm and antibiotic resistance of Klebsiella pneumoniae. 
International Journal of Environmental Research and Public Health 
17(17): e6278. https://doi.org/10.3390/ijerph17176278

Xiong Y, Zhang C, Gao W, Ma Y, Zhang Q, Han Y, Jiang S, Zhao Z, Wang 
J, Chen Y (2021) Genetic diversity and co-prevalence of ESBLs and 
PMQR genes among plasmid-mediated AmpC β-lactamase-produc-
ing Klebsiella pneumoniae isolates causing urinary tract infection. 
The Journal of Antibiotics 74(6): 397–406. https://doi.org/10.1038/
s41429-021-00413-6

Zubyk HL, Wright GD (2021) CrpP is not a fluoroquinolone-inactivat-
ing enzyme. Antimicrobial Agents And Chemotherapy 65: e0077321. 
https://doi.org/10.1128/AAC.00773-2

https://doi.org/10.1093/jac/dkw258
https://doi.org/10.1097/MRM.0000000000000250
https://doi.org/10.33899/mjn.2015.160017
https://doi.org/10.1016/S0140-6736(97)07322-4
https://doi.org/10.1016/S0140-6736(97)07322-4
https://doi.org/10.30491/JABR.2020.120187
https://doi.org/10.1039/C9MD00120D
https://doi.org/10.1039/C9MD00120D
https://doi.org/10.1186/s13099-017-0207-8
https://doi.org/10.1016/j.drup.2016.09.001
https://doi.org/10.1016/j.drup.2016.09.001
https://doi.org/10.1155/2015/434391
https://doi.org/10.1155/2015/434391
https://doi.org/10.3205/dgkh000366
https://doi.org/10.3205/dgkh000366
https://doi.org/10.1007/s11033-019-05220-9
https://doi.org/10.1007/s11033-019-05220-9
https://doi.org/10.1016/j.ijantimicag.2020.105987
https://doi.org/10.1016/j.ijantimicag.2020.105987
https://doi.org/10.3390/ijerph17176278
https://doi.org/10.1038/s41429-021-00413-6
https://doi.org/10.1038/s41429-021-00413-6
https://doi.org/10.1128/AAC.00773-2

	Molecular detection of plasmid-mediated quinolone resistance genes among clinical isolates of Klebsiella pneumoniae during Covid-19 pandemic
	Abstract
	Introduction
	Materials and methods
	Study setting and bacterial isolates
	Ethical considerations
	Antimicrobial susceptibility testing
	ESBL confirmatory test
	Selecting isolates and DNA extraction
	PCR Assay and gel electrophoresis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgement
	References

