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spectrum fluoroquinolones have been extensively used to treat infections
caused by both Gram-positive and Gram-negative bacteria, including
Plasmid Pseudomonas aeruginosa. In this study, we decided to assess the prevalence
of plasmid-mediated quinolone resistance mechanisms among clinical

Methods: We analyzed a total of 200 clinical isolates of P. aeruginosa,
collected between June 2019 and May 2023. The antibiotic resistance
profiles of these strains against various fluoroquinolone antibiotics were
determined using the disk diffusion method. Additionally, we investigated
the presence of gnrA, gnrB, gnrC, gnrD, and gnrS genes through polymerase
chain reaction (PCR) analysis. Furthermore, we assessed the expression
levels of efflux pump genes and outer membrane porin genes using the
quantitative reverse transcription PCR (qRT-PCR) in fluoroquinolone-

Results: Our findings revealed that 69% of P. aeruginosa strains were
resistant to fluoroquinolones. The resistance rates for different
fluoroquinolones were as follows: ciprofloxacin 55.5%, ofloxacin 62%,
norfloxacin 53.5%, lomefloxacin 55.3%, and levofloxacin 55.5%. Notably,
78.9% of these strains exhibited multidrug resistance (MDR). Among the
gnr genes, gnrB was the most prevalent (2.9%). No other gnr genes were
identified. Interestingly, 75% of P. aeruginosa strains carrying the gnrB
gene showed overexpression of efflux pump genes, while 100% exhibited

Conclusion: Given the high prevalence of fluoroquinolone-resistant P.
aeruginosa clinical isolates in Ardabil hospitals and the multifactorial nature
of resistance, continuous monitoring of antibiotic resistance trends and
understanding the underlying resistance mechanisms are crucial for selecting
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Extended Abstract

Background: Pseudomonas aeruginosa 1s
one of the most common and important
Gram-negative opportunistic pathogens that
cause hospital infections. This bacterium is
responsible for a number of opportunistic
infections, including pneumonia, septicemia,
wound infections, and urinary tract infections.
For many years, broad-spectrum
fluoroquinolones, which target the bacterial
DNA gyrase and topoisomerase IV enzymes
and ultimately prevent nucleic acid synthesis,
have been widely used to treat infections
caused by Gram-positive and Gram-negative
bacteria, including P. aeruginosa. However,
antibiotic resistance is one of the most
important global concerns in the medical
community, which has become a great
challenge in the treatment of infections
caused by  drug-resistant  pathogens,
especially in hospitals. Therefore, knowledge
of drug resistance trends along with
resistance mechanisms in a specific
geographic location is necessary for treating
infections caused by drug resistant strains.
The present study aimed to determine the
prevalence of plasmid-mediated quinolone
resistance mechanism among P. aeruginosa
clinical isolates in Ardabil hospitals.

Methods: A total of 200 P. aeruginosa
clinical isolates were used, which were
collected during June 2019 and May 2023.
The antibiotic resistance pattern of these
strains to different fluoroquinolone antibiotics
(ciprofloxacin 5 pg, ofloxacin 5 pg,
norfloxacin 10 pg, lomefloxacin 10 pg, and
levofloxacin 5 pg) was determined using the
disk diffusion method. In addition, P.
aeruginosa strains resistant to at least one
antibiotic in > 3 different antibiotic classes
were considered as multidrug- resistant
(MDR). The presence of gnrd, gnrB, gqnrC,
gnrD, and gnrS genes were detected using the
polymerase chain reaction (PCR) method. For
this purpose, initially, genomic DNA was
extracted from fluoroquinolone-resistant
clinical strains by the boiling method and
then their quality was confirmed by nanodrop

spectrophotometer. Amplification of genes
was performed in a final volume of 15 pL (10
pL of PCR Master Mix, 3 puL of template
DNA, and 2 pL of primers (10 umol/L)). All
PCR reactions were performed according to
the following thermal conditions: 1 cycle of
primary denaturation at 95 °C for 5 min and
30 to 34 cycles including three steps of
denaturation at 94 °C for 1 min, annealing at
different temperatures for 1 min, and
extension at 72 °C for 1 min. The presence of
fluoroquinolone  resistance  genes  was
confirmed using agarose gel electrophoresis
(1%). Furthermore, the expression rates of the
efflux pumps and outer membrane porin
genes were measured using the quantitative
reverse transcription PCR  (qRT-PCR)
method among the g¢nr gene positive,
fluoroquinolone-resistant ~ P.  aeruginosa
clinical strains. For this purpose, total RNA
extraction was performed using TRIZol™
reagent and cDNA synthesis according to the
manufacturer's instructions. Each qRT-PCR
reaction was done in a final volume of 15 pL
containing 7 pL of SYBR Green PCR Master
Mix, 2 pL of primers (10 pmol/L), 1 pL of
cDNA, and 5 pL of diethylpyrocarbonate
(DEPC) water. The rpsL gene, as a reference
gene, and the standard strain of P. aeruginosa
(ATCC 27853), as a reference strain, were
used to calculate changes in the expression
levels of target genes using the 2 method.
Results: In the current study, 102 P.
aeruginosa clinical isolates were obtained
from men (51%) and 98 isolates from women
(49%) patients. These clinical strains were
collected from Imam Khomeini (105 strains),
Alavi (55 strains), Imam Reza (25 strains), Bu
Ali and Sabalan (6 strains each), Fatemi (2
strains), and Qaem (1 strain) hospitals.
Additionally, these strains were isolated from
urine (n=90, 45%), sputum (n=55, 27.5%),
wound (n= 28, 14%), blood (n=26, 13%), and
cerebrospinal fluid (n=1, 0.5%) samples. The
prevalence of fluoroquinolone-resistant P .
aeruginosa strains was determined to be 69%.
The resistance to different fluoroquinolones
was as follows: ciprofloxacin 55.5% (111 out
of 200), ofloxacin 62% (93 out of 150),
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norfloxacin  53.5% (107 out of 200),
lomefloxacin 55.3% (57 out of 103), and
levofloxacin 55.5% (111 out of 200).
Furthermore, 78.9% (109 out of 138), 65.9%
(91 out of 138), and 15.2% (21 out of 138) of
P.  aeruginosa  strains  resistant  to
fluoroquinolones were multidrug-resistant
(MDR), extensively drug-resistant (XDR),
and pandrug-resistant (PDR), respectively.
The highest prevalence of the gnr genes was
related to gnrB (2.9%). The frequency of
gnrd, gqnrC, gnrD, and gnrS genes among
clinical strains of P. aeruginosa resistant to
fluoroquinolones in the PCR method was 0%.
Additionally, 75% of P. aeruginosa strains
carrying the gnrB gene showed efflux pump
genes overexpression and 100% of them
down-regulation of the oprD gene. All P.
aeruginosa strains carrying the gnrB gene

showed resistance to the ciprofloxacin,
ofloxacin, norfloxacin, lomefloxacin, and
levofloxacin antibiotics. These strains also
showed mutations in GyrA (Thr83Ile and
Asp87Asn) and ParC (Ser87Leu and
Ser87Trp) subunits of bacterial enzymes
involved in  nucleic acid synthesis.
Conclusion: The results of the present study
highlight two important points: 1) resistance
of clinical isolates of P. aeruginosa to
fluoroquinolones was high in Ardabil
hospitals, and 2) fluoroquinolone resistance
was multifactorial. Considering  the
continuous change of the antibiotic resistance
patterns in each region, constant monitoring
of the drug resistance trend along with the
involved resistance mechanisms are necessary
to choose the most appropriate treatment
options.
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