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ABSTRACT

The prevalence of fluoroquinolone resistance among Pseudomonas aeruginosa isolates, particularly
in burn wound infections, has been increasing. The primary cause of ciprofloxacin resistance is attributed to genetic
alterations in the quinolone resistance determinant region (QRDR). In this study, we evaluated the antimicrobial resistance
profile and QRDR gene mutations in both ciprofloxacin-resistant and non-resistant strains of P. aeruginosa derived from
burn wound patients.

A total of 300 samples were collected from patients with burn wound infections in Guilan, Iran. The
isolates were identified as P. aeruginosa, and drug susceptibility tests were conducted using the agar disk diffusion method.
DNA extraction and polymerase chain reaction (PCR) analysis were performed for the amplification and sequencing of gyrA,
gyrB, parC, and parE genes in the QRDR region.

m Resistance to Tobramycin, Gentamicin, Piperacillin, Ciprofloxacin, Ceftazidime, and Amikacin was observed in
59.32%, 55.08%, 51.69%, 50.84%, 30.50%, and 26.27% of the isolates, respectively. Forty-two (35.59%) isolates were multi-
drug-resistant (MDR). The sequencing results in the QRDR region showed that the majority of mutations were in the gyrA
gene, with 85.71% of these mutations being the substitution of threonine with isoleucine (Thr-83 lle) in ciprofloxacin-
resistant strains.

The results of this study indicate that mutations in the gyrA (gyrase gene) are a significant mechanism of
resistance to fluoroquinolones. Identifying these mutations can aid in the detection of fluoroquinolone-resistant isolates
and simplify treatment challenges by selecting the appropriate antibiotic.

Antibiotic Resistance, Ciprofloxacin-Resistant, QRDR Mutation, Pseudomonas aeruginosa

Received: 2024/01/08; Accepted: 2024/05/10; Published Online: 2024/05/25;

Nikokar Iraj, Department of Microbiology, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran Email:

nikokariraj@yahoo.com

@ @ @ Copyright © 2024, This is an original open-access article distributed under the terms of the Creative Commons Attribution-noncommercial 4.0 International License which
permits copy and redistribution of the material just in noncommercial usage with proper citation.

Corresponding Information:

Use a device to scan and read the article online

Akhlaghi F, Nikokar I, Mojtahedi A, Mobin M, Atrkar Roshan Z, Karampour M. Molecular Detection of
Mutations in gyrA, gyrB, parC and parE Genes in the Quinolone Resistance Determining Region
Among Pseudomonas aeruginosa |solated From Burn Wound Infection. Iran J Med Microbiol. 2024;
18(2):89-96.

Download citation: BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | RefWorks

Send citation to: Mendeley Z Zotero RefWorks

1. Introduction

Pseudomonas aeruginosa is an opportunistic infections like cystic fibrosis and burn wound
pathogen that poses a significant threat to patients infections (1). In fact, this bacterium is the leading
with underlying conditions, such as respiratory cause of death in patients admitted to the burns ward
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(2-4). However, the increasing resistance of P.
aeruginosa to a wide range of antibiotics in recent
years has made treating infections in burn wound
patients a significant challenge (5, 6). The excessive
use of antibiotics during treatment has accelerated
the development of multidrug-resistant (MDR) P.
aeruginosa strains, which can counter most antibiotics
using different intrinsic and acquired resistance
mechanisms. P. aeruginosa exhibits a high level of
intrinsic resistance to certain antibacterial agents due
to decreased outer membrane permeability, efflux
systems that pump antibiotics out of the cell, and the
production of enzymes that inactivate antibiotics (5-
7). Acquired resistance of P. aeruginosa can be
achieved through either horizontal transfer of
resistance genes or mutational changes (8).
Fluoroquinolones are an important class of antibiotics
widely used in the treatment of Pseudomonas
infections due to their effective antimicrobial activity,
tissue diffusion, and accessibility in oral form. This
group of antibiotics acts as inhibitors of DNA gyrase
and topoisomerase |V, which are essential for
bacterial DNA transcription and replication. These
enzymes are heterotetrameric with two subunits,
gyrase being constituted as gyrA and gyrB and
topoisomerase IV as parC and parE. The mechanisms
of fluoroquinolone resistance in P. aeruginosa are
mainly due to point mutations in DNA gyrase (gyrA
and gyrB) and topoisomerase IV (parC and parE)
within the Quinolone-Resistance-Determining
Regions (QRDR) (9). Fluoroquinolone resistance can
also occur through a novel mechanism called plasmid-
mediated quinolone resistance (PMQR), which can be
transmitted between P. ageruginosa bacteria and
facilitate the spread of this resistance (10, 11).
Therefore, determining the patterns and mechanisms
of antibiotic resistance in P. aeruginosa is crucial in
selecting an effective approach to managing and
preventing burn wound infections (12). In this study,
we analyzed mutations of gyrA, gyrB, parC, and parE
genes in the QRDR of P. aeruginosa isolated from
patients with burn wound infections.

2. Materials and Methods
Bacterial isolates

A total of 300 samples were gathered from patients
hospitalized with wound burn infections at the Velayat
Educational Burn Center in Rasht, Guilan, Iran,
spanning the years 2016 to 2019. These samples were
then transferred to tryptic soy broth (TSB) from
Merck, Germany, and cultured on cetrimide agar
medium to isolate P. aeruginosa. The identification of
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the isolates was carried out using standard
biochemical tests (13). Approval for this study was
granted by the Ethical Committee of Guilan University
of Medical Sciences under ethical code
IR.GUMS.REC.1397.284.

Antibiotics susceptibility testing

The agar disk diffusion method was employed to
conduct antibiotic susceptibility tests in accordance
with the Clinical and Laboratory Standards Institute
(CLSI) guidelines (14). The following antimicrobial
agents were utilized to determine the antibiotic
susceptibility of P. aeruginosa: Amikacin (30ug),
Gentamicin (10ug), Tobramycin (10ug), Ceftazidime
(30ug), Imipenem (10ug), Piperacillin (100ug), and
Ciprofloxacin (5ug) (Mast Diagnostics, Mast Group Ltd,
Merseyside, UK). The antibiogram test utilized the
standard strain of P. aeruginosa ATCC 27853 as a
positive control. MDR isolates were defined as those
resistant to three or more antibiotic classes (15, 16).

DNA extraction

The genomic DNA of P. aeruginosa isolates was
extracted using a Genomic DNA purification Kit
(Roche, Mannheim, Germany) following the
manufacturer's instructions. The quantity and quality
of the extracted DNA were assessed at OD 260/280
nm and on a 1.5% agarose gel. The extracted DNA was
then stored at -80°C.

Polymerase chain reaction (PCR) amplification

PCR amplification was carried out utilizing the
primer sets detailed in Table 1. The DNA amplification
process involved an initial denaturation step at 94°C
for 2 minutes, followed by 35 cycles comprising
denaturation at 94°C for one minute, annealing at
60°C for 30 seconds, extension at 72°C for one minute,
and a final extension at 72°C for five minutes using a
thermocycler device (Eppendorf Mastercycler
Gradient, Germany). The amplified DNA products
were then analyzed through electrophoresis on a 1%
agarose gel (17, 18).

DNA sequencing

The purified PCR products were sequenced utilizing
the Applied Biosystems 3730/3730xI DNA analyzers
sequencing (ABI) system from Bioneer Co., Korea.
Subsequently, the sequence of each sample was
compared to the P. aeruginosa PAO1 sequence using
online BLAST software
(http://www.ncbi.nlm.nih.gov/BLAST/).
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Table 1. Characteristics and sequence of primers used for molecular techniques in P. aeruginosa isolates

Gene Primer Primer sequence Size (bp) References
gyrA F AGTCCTATCTCGACTACGCGAT

324 (35)
gyrA R AGTCGACGGTTTCCTTTTCCAG
gyrB F TGCGGTGGAACAGGAGATGGGCAAGTAC

483 (30)
gyrB R TGGCGGAAGAAGAAGGTCAACAGCAGGG
parC F CGAGCAGGCCTATCTGAACTAT

282 (35)
parC R GAAGGACTTGGGATCGTCCGGA
parE F CGGCGTTCGTCTCGGGCGTGGTGAAGGA

564 (30)
parE R TCGAGGGCGTAGTAGATGTCCTTGCCGA

3. Results Analysis of the mutations in QRDR

Bacterial isolates

Out of the 300 patients admitted to the Burn Center of
Guilan University of Medical Sciences (Velayat Burns
Center, Rasht), 118 P. aeruginosa isolates were
identified, accounting for 39.3% of the total. Among
these isolates, 37 (31.35%) were detected in female
patients, while 81 (68.64%) were found in male patients.
The distribution of isolates was assessed across various
age groups, revealing the highest occurrence in the 21-
40 age bracket (39.83%) and the lowest occurrence in
age groups under 20 years and between 61-90 years
(16.10%).

Antibiotics resistance in P. aeruginosa

In terms of antibiotic resistance in P. aeruginosa, high
levels of resistance were observed for Tobramycin
(59.32%), followed by Gentamicin (55.08%) and
Piperacillin (51.69%). The lowest rate of resistance was
detected in Imipenem (23.72%), Amikacin (26.27%), and
Ceftazidime (30.50%). Out of the 118 isolates, 42
(35.59%) were classified as MDR due to their resistance
to at least one antibiotic from three antibiotic classes.
Among the 118 isolates, 60 (50.84%) were resistant, 8
(6.77%) were intermediate, and 50 (42.37%) were
susceptible to Ciprofloxacin. The highest intermediate
resistance was observed with Imipenem, with 23
(19.49%) isolates exhibiting intermediate resistance to
this antibiotic. The details of the antimicrobial resistance
pattern results of P. aeruginosa isolates are presented in
Table 2.
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To analyze mutations in the QRDR genes, the extracted
DNA from all P. aeruginosa isolates was amplified for the
gyrA, gyrB, parC, and parE genes using PCR (Figure 1).
The quality and quantity of PCR products were assessed
on an agarose gel, and 35 samples were chosen for
sequencing. Among the 35 clinical isolates, 20 strains
exhibited resistance to Ciprofloxacin, while 15 strains
displayed susceptibility to Ciprofloxacin. QRDR
mutations were identified in 15 out of the 35 strains.
Fourteen strains exhibited mutations in the gyrA gene,
one mutation was found in parE, and no mutations were
detected in the gyrB and parC genes. Regarding gyrA, 12
(85.71%) of the strains showed a missense mutation of
Threonine (ACC) Isoleucine at the 83rd codon (Thr 83 lle).
All isolates were resistant to Ciprofloxacin. Among these
12 strains, 5 exclusively displayed the Thr 83 lle mutation
(group 1). In two isolates, along with the Thr 83 lle
mutation, silent mutations were also present (group Il).
Other mutations were categorized into different groups:
Thr 83 lle with Thr-141 Ala (Alanine) and Asp-143 Asn
(Asparagine) mutations (group Ill) in 5 strains, and in one
strain, 3 mutations (Asp-87 Asn, Thr-132 Met
(Methionine), and Lys-141 Arg (Arginine) with Thr 83 lle).
Two silent mutations in gyrA were observed in two
ciprofloxacin-sensitive isolates (group IV). In the case of
the parE gene, a mutation at codon 470 (Asp replaced by
Asn) was detected in a Ciprofloxacin-resistant strain. The
details of the mutations occurring in the QRDR genes of
P. aeruginosa isolates are presented in Table 3.
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282 bp

Figure 1. The figure A, B, C, and D are detected in the agarose gel, with bands corresponding to parE, parC, gyrB, and gyrA,
respectively. Wells 1 to 4 represent the clinical samples, while C+, C-, and L denote the positive control, negative control, and
molecular size marker (ladder), respectively.

Table 2. Antimicrobial pattern of P. aeruginosa isolates

Resistant (R) Intermediate (1) Sensitive (S)
Antimicrobials
Isolates Rate (%) Isolates Rate (%) Isolates Rate (%)

Ciprofloxacin 60 50.84 8 6.77 50 42.37
Gentamycin 65 55.08 5 4.23 48 40.67
Amikacin 31 26.27 16 13.55 71 60.16
Tobramycin 70 59.32 10 8.47 38 32.20
Ceftazidime 36 30.50 10 8.47 72 61.01
Piperacillin 61 51.69 10 8.47 47 39.83
Imipenem 30 25.42 23 19.49 66 55.93

Table 3. Mutation groups detected in the gyrA and parE genes of P. aeruginosa isolates

Groups of Dominant

Non sense
Mutation Mutation Others mutations Resistant Sensitive
Mutation
gyrA Gene
ACC SATC
e S 5 -
(Thr-83-> lle)
CAC—>CAT
ACC ->ATC (His-132>His)
e 2 -
(Thr-83-> lle) GAA->GAG

(Glu-141->Glu)
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Dominant

Groups of

Non sense
Mutation Mutation
Mutation

gyrA Gene

1] ACC -ATC
(Thr-83-> lle)
CAC ->CAT
(His-132->His)
v ———
GAA->GAG
(Glu-141->Glu)
GAT->AAT
ParE e

(Asp-470->Asn)

Others mutations Resistant Sensitive

GAC->AAC
Aspl44->Asn

()
ACC->GCC
(Thr-142->Ala)
)
GAC->AAC
(Asp-87->Asn)

4, Discussion

P. aeruginosa is a significant opportunistic pathogen
known for causing healthcare-associated infections
(HAIs) and outbreaks in patients with burn wounds. In
recent years, there has been an increase in resistance
to various antimicrobial agents among P. aeruginosa
isolates (19, 20). This study identified 118 (39.33%) P.
aeruginosa strains from samples of patients with burn
wound infections. Our previous research indicated a
decrease in the frequency of P. aeruginosa isolates to
47% in the burn center (12). Furthermore, we
observed that P. aeruginosa isolates showed the
lowest resistance to Imipenem, consistent with our
initial study (12). Corresponding to our findings,
multiple global studies have emphasized P. aeruginosa
as a predominant bacterium isolated from burn
wounds, presenting challenges in treating burn
patients due to its antibiotic resistance (21-23).
Nevertheless, resistant strains to Imipenem,
previously considered effective in many studies, are
on the rise in burn centers (24). Tarafdar et al.'s
research also recognized Imipenem as the most
effective antibiotic against P. aeruginosa isolated from
burn wounds, aligning with our results (21).
Conversely, Tchakal-Mesbabhi et al. found that 100% of
P. aeruginosa isolates from burn patients' wounds in
Algeria were resistant to Imipenem (23). The variation
in Imipenem resistance levels among P. aeruginosa
isolates may be attributed to geographical differences
and the antibiotic's usage in clinical settings.
Regarding MDR isolates, 42 (35.59%) of the isolates
were classified as MDR, a decrease from our previous
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study. Kishk et al. reported a 70% rate of MDR P.
aeruginosa isolates from burn wounds in Egyptian
patients, which is higher than our findings (22).
Ahmadian et al. reported a 54.76% frequency of MDR
isolates in clinical samples of P. aeruginosa, indicating
potential variations based on sample type and
geographical location (25). The inherent resistance of
P. aeruginosa to several antibiotics is due to factors
such as low permeability of the outer membrane,
constant efflux pump expression, and production of
antibiotic-inactivating enzymes (26). Common
antibiotics used in treating infections caused by P.
aeruginosa include beta-lactams, aminoglycosides,
and fluoroquinolones (27). The indiscriminate use of
antibiotics and mutations in P. aeruginosa genes can
lead to antibiotic resistance in this bacterium (28).
Alterations in the QRDR of DNA gyrase and
topoisomerase IV are the primary mechanisms of
fluoroquinolone resistance in P. aeruginosa (29). In
this study, 35 isolates were sequenced for QRDR
genes, encompassing gyrA, gyrB, parC, and parE
genes. Fourteen (87.5%) of the strains exhibited
mutations in the gyrA gene. Akasaka et al.'s research
on the QRDR region of P. aeruginosa (30) also
highlighted the high frequency of mutations in the
gyrA gene, consistent with observations from other
studies by various researchers (10, 31, 32). The
findings of this study reveal that the most prevalent
mutation in the gyrA gene is Thr83lle, resulting in the
substitution of threonine with isoleucine at codon 83.
Consistent with our results, several studies have
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indicated that Thr83lle mutations are the most
common type of mutation occurring in the gyrA gene
(33-35). Mutational changes were evaluated as an
acquired mechanism of resistance to
fluoroquinolones. The most common substitution
observed was threonine replaced by isoleucine at
codon 83, as reported in various studies, indicating
that plasmid transfer of this mechanism might
contribute to the high prevalence of resistance seen in
the study (33-35). In Iran, a study found that nearly
90% of resistant P. aeruginosa isolates had a gyrA
mutation, with the predominant mutation being
threonine to isoleucine at codon 83 (34). Additionally,
two isolates exhibited silent mutations in the gyrA
gene, associated with Ciprofloxacin-sensitive strains.
Variability in mutations within this gene was noted in
five strains, showing not only the prevalent Thr 83 lle
mutation but also other mutations. Similar scenarios
have been documented in studies conducted by Wang
et al. in Taiwan (19), Wydmuch et al. in Poland (36),
and Akasaka in Japan (30). No mutations were found
in the quinolone resistance-determining regions
(QRDRs) of the gyrB and parC genes. However, a
mutation was identified in the parE gene, involving the
substitution of aspartic acid with asparagine (Asp-
470->Asn) in the Ciprofloxacin-resistant strain. This
mutation differed from those observed by Wang et al.
and Akasaka et al. in Ciprofloxacin-resistant strains.
Akasaka et al. highlighted that the main alterations
linked to fluoroquinolone resistance were the
replacement of Thr-83 with lle in GyrA and Ser-87 with
Leu in ParC. Wang et al. noted various amino acid
substitutions in the parC gene, such as Gly85Cys,
Ser87Leu, Ser87Trp, and Glu9lLys, in
fluoroquinolone-resistant strains (19, 30). In the study,
a primary  mechanism  of resistance to
fluoroquinolones in P. aeruginosa isolates was
demonstrated. However, limitations included a focus
solely on mutations related to this resistance
mechanism without exploring other mechanisms or
underlying reasons for these mutations. To gain a
comprehensive understanding of antibiotic resistance
against fluoroquinolones, future research should
investigate each mechanism—efflux pumps, biofilm
formation, and reduced drug penetration—alongside
chromosomal mutations. This integrated approach
will help determine if these mechanisms coexist
simultaneously.

References

1. QinS, Xiao W, Zhou C, Pu Q, Deng X, Lan L, et al.
Pseudomonas aeruginosa: pathogenesis,
virulence factors, antibiotic resistance,

interaction with host, technology advances and
emerging therapeutics. Signal Transduct Target
Ther. 2022;7(1):1-27. [DOI:10.1038/541392-022-
01056-1]

Year 18, Issue 2 (March — April 2024)

5. Conclusion

The results of this investigation revealed that
mutations in the gyrA gene are the primary mechanism
driving fluoroquinolone resistance, particularly against
Ciprofloxacin. Specifically, the most frequent mutation
occurs at the Thr 83 lle position, where changing the
amino acid's polarity can impede the function of the
DNA gyrase enzyme. To combat the spread of
fluoroquinolone-resistant P. aeruginosa isolates, it is
crucial to both reduce the extensive use of
fluoroquinolones and accurately identify
fluoroquinolone-resistant isolates along with their
underlying  mechanisms.  Subsequently,  novel
therapeutic strategies could be implemented.

Acknowledgment

No to declare.

Ethical Considerations

All participants in this study signed an informed
consent form. All protocols related to this research
were approved by the Research Ethics Committee of
Guilan University of Medical Sciences (Ethics code:
IR.GUMS.REC.1397.284.).

Authors’ Contributions

F.A. and A.M. designed the topic and wrote the
manuscript. I.N. and A.M. and M.M. participated in the
initial draft and the revision of the manuscript. Z.A.R.
and M.K. revised the final version of the manuscript.
All authors read and approved the final manuscript.

Funding

This study was supported by Guilan University of
Medical Sciences, Grant No. P/3/132/4266.

Conflict of Interest

The authors declare that they have no competing
interests.

2. Shariati A, Asadian E, Fallah F, Azimi T, Hashemi
A, Sharahi JY, et al. Evaluation of Nano-curcumin
effects on expression levels of virulence genes
and biofilm production of multidrug-resistant
Pseudomonas aeruginosa isolated from burn
wound infection in Tehran, Iran. Infect Drug

Iranian Journal of Medical Microbiology


https://doi.org/10.1038/s41392-022-01056-1
https://doi.org/10.1038/s41392-022-01056-1

Fatemeh Akhlaghi al., 95

10.

Resist. 2019;12:2223.
[DOI:10.2147/IDR.S213200] [PMID] [PMCID]

Hassannia M, Naderifar M, Salamy §,
Akbarizadeh MR, Mohebi S, Moghadam MT.
Engineered phage enzymes against drug-
resistant pathogens: a review on advances and
applications. Bioprocess Biosyst Eng. 2024;47(3):
301-12. [DOI:10.1007/s00449-023-02938-6]
[PMID]

Boroujeni MB, Mohebi S, Malekian A, Shahraeini
SS, Gharagheizi Z, Shahkolahi S, et al. The
therapeutic effect of engineered phage, derived
protein and enzymes against superbug bacteria.
Biotechnology and Bioengineering. 2024;121(1):
82-99. [DOI:10.1002/bit.28581] [PMID]

Chegini Z, Khoshbayan A, Taati Moghadam M,
Farahani |, Jazireian P, Shariati A. Bacteriophage
therapy against Pseudomonas aeruginosa
biofilms: a review. Ann Clin Microbiol
Antimicrob. 2020;19(1):45. [PMID] [PMCID]
[DOI:10.1186/s12941-020-00389-5]

Shahbandeh M, Taati Moghadam M, Mirnejad R,
Mirkalantari S, Mirzaei M. The efficacy of AgNO3
nanoparticles alone and conjugated with
imipenem for combating extensively drug-
resistant Pseudomonas aeruginosa. Int J
Nanomed. 2020;15:6905-16.
[DOI:10.2147/1JN.S260520] [PMID] [PMCID]

Hosseini M, Ahmed Hamad M, Mohseni G,
Salamy S, Dehghan Tarzjani S, Taati Moghadam
M. Prediction of tsunami of resistance to some
antibiotics is not far-fetched which used during
COVID-19 pandemic. J Clin Lab Anal. 2023;37(15-

16):e24959. [DOI:10.1002/jcla.24959] [PMID]
[PMCID]

Pang Z, Raudonis R, Glick BR, Lin T-J, Cheng Z.
Antibiotic resistance in Pseudomonas
aeruginosa: mechanisms and alternative

therapeutic strategies. Biotechnol Adv. 2019;
37(1):177-92.
[DOI:10.1016/j.biotechadv.2018.11.013] [PMID]

Magiorakos A-P, Srinivasan A, Carey RB, Carmeli
Y, Falagas M, Giske C, et al. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for
interim standard definitions for acquired
resistance. Clin Microbiol Infect. 2012;18(3):268-
81.[D0OI:10.1111/j.1469-0691.2011.03570.x]
[PMID]

Nouri R, Ahangarzadeh Rezaee M, Hasani A,
Aghazadeh M, Asgharzadeh M. The role of gyrA
and parC mutations in fluoroquinolones-
resistant Pseudomonas aeruginosa isolates from

Year 18, Issue 2 (March — April 2024)

11.

12.

13.

14.

15.

16.

17.

18.

Iran. Braz J Microbiol. 2016;47:925-30. [PMCID]
[DOI:10.1016/j.bjm.2016.07.016] [PMID]

Norouzi A, Hossieni NH, Mohebi S, Kandehkar
GM, Taati MM. Frequency of plasmid-mediated
gnrA, gnrB, and gnrS genes and determination of
antibiotic susceptibility among quinolones and
fluoroquinolones resistance Escherichia coli
isolated from Kerman hospitals. Razi J] Med Sci.
2016;23:98-105.

Nikokar 1, Tishayar A, Flakiyan Z, Alijani K,
Rehana-Banisaeed S, Hossinpour M, et al.
Antibiotic resistance and frequency of class 1
integrons among Pseudomonas aeruginosa,
isolated from burn patients in Guilan, Iran. Iran J
Microbiol. 2013;5(1):36-41.

Khosravi AD, Motahar M, Abbasi Montazeri E.
The frequency of classl and 2 integrons in
Pseudomonas aeruginosa strains isolated from
burn patientsin a burn center of Ahvaz, Iran. PloS
One. 2017;12(8):e0183061. [PMID] [PMCID]
[DOI:10.1371/journal.pone.0183061]

Humphries R, Bobenchik AM, Hindler JA, Schuetz
AN. Overview of changes to the clinical and
laboratory standards institute performance
standards for antimicrobial susceptibility testing,
M100. J Clin Microbiol. 2021;59(12):10-128.
[DOI:10.1128/JCM.00213-21] [PMID] [PMCID]

Mohebi S, Hossieni Nave H, Norouzi A,
Kandehkar Gharaman M, Taati Moghadam M.
Detection of extended spectrum beta lactamases
on class | integron in escherichia coli isolated
from clinical samples. J Maz Univ Med Sci.
2016;26(138):66-76.

Moradi M, Norouzi A. Prevalence of bla-CTX-M,
bla-SHV, and bla-TEM Genes and Comparison of
Antibiotic Resistance Pattern in Extended-
spectrum B-lactamase producing and non-
producing groups of Klebsiella pneumoniae
Isolated from Clinical Samples in Kerman
Hospitals. J Adv Biomed Sci. 2016;6(1):120-8.

Moghadam M, Shariati A, Mirkalantari S,
Karmostaji A. The complex genetic region
conferring transferable antibiotic resistance in
multidrug-resistant and extremely drug-resistant
Klebsiella pneumoniae clinical isolates. New
Microbes New Infect. 2020;36:100693. [PMCID]
[DOI:10.1016/j.nmni.2020.100693] [PMID]

Taati Moghadam M, Hossieni Nave H, Mohebi S,
Norouzi A. The evaluation of connection
between integrons class | and Il and ESBL-
producing and Non-ESBL klebsiella pneumoniae
isolated from clinical samples, Kerman. Iran J
Med Microbiol. 2016;10(4):1-9.

Iranian Journal of Medical Microbiology


https://doi.org/10.2147/IDR.S213200
https://www.ncbi.nlm.nih.gov/pubmed/31440064
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6664860
https://doi.org/10.1007/s00449-023-02938-6
https://www.ncbi.nlm.nih.gov/pubmed/37962644
https://doi.org/10.1002/bit.28581
https://www.ncbi.nlm.nih.gov/pubmed/37881139
https://www.ncbi.nlm.nih.gov/pubmed/32998720
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7528332
https://doi.org/10.1186/s12941-020-00389-5
https://doi.org/10.2147/IJN.S260520
https://www.ncbi.nlm.nih.gov/pubmed/33061358
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7518771
https://doi.org/10.1002/jcla.24959
https://www.ncbi.nlm.nih.gov/pubmed/37650531
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10561589
https://doi.org/10.1016/j.biotechadv.2018.11.013
https://www.ncbi.nlm.nih.gov/pubmed/30500353
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://www.ncbi.nlm.nih.gov/pubmed/21793988
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5052375
https://doi.org/10.1016/j.bjm.2016.07.016
https://www.ncbi.nlm.nih.gov/pubmed/27522930
https://www.ncbi.nlm.nih.gov/pubmed/28813520
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5557579
https://doi.org/10.1371/journal.pone.0183061
https://doi.org/10.1128/JCM.00213-21
https://www.ncbi.nlm.nih.gov/pubmed/34550809
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8601225
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7339125
https://doi.org/10.1016/j.nmni.2020.100693
https://www.ncbi.nlm.nih.gov/pubmed/32670591

96 Mutations in gyrA, gyrB, parC, and pare

19.

20.

21.

22.

23.

24,

25.

26.

27.

Wang Y-T, Lee M-F, Peng C-F. Mutations in the
quinolone resistance-determining regions
associated with ciprofloxacin resistance in
Pseudomonas aeruginosa isolates from Southern
Taiwan. Biomark Genom Med. 2014;6(2):79-83.
[DOI:10.1016/j.bgm.2014.03.003]

DouY, HuanJ, GuoF, Zhou Z, Shi Y. Pseudomonas
aeruginosa prevalence, antibiotic resistance and
antimicrobial use in Chinese burn wards from
2007 to 2014. J Int Med Res. 2017;45(3):1124-37.
[DOI:10.1177/0300060517703573] [PMID]
[PMCID]

Tarafdar F, Jafari B, Azimi T. Evaluating the
antimicrobial resistance patterns and molecular
frequency of blaoxa-48 and blaGES-2 genes in
Pseudomonas aeruginosa and Acinetobacter
baumannii strains isolated from burn wound
infection in Tehran, Iran. New Microbes New
Infect. 2020;37:100686. [PMID] [PMCID]
[DOI:10.1016/j.nmni.2020.100686]

Kishk RM, Abdalla MO, Hashish AA, Nemr NA, El
Nahhas N, Alkahtani S, et al. Efflux MexAB-
mediated resistance in P. aeruginosa isolated
from patients with healthcare associated
infections. Pathogens. 2020;9(6):471. [PMCID]
[DOI:10.3390/pathogens9060471] [PMID]

Tchakal-Mesbahi A, Metref M, Singh VK, Almpani
M, Rahme LG. Characterization of antibiotic
resistance profiles in Pseudomonas aeruginosa
isolates from burn patients. Burns. 2021;47(8):
1833-43. [DOI:10.1016/j.burns.2021.03.005]
[PMID] [PMCID]

Vaez H, Salehi-Abargouei A, Khademi F.
Systematic review and meta-analysis of
imipenem-resistant Pseudomonas aeruginosa
prevalence in Iran. Germs. 2017;7(2):86-97.
[DOI:10.18683/germs.2017.1113] [PMID]

Ahmadian L, Haghshenas MR, Mirzaei B, Norouzi
Bazgir Z, Goli HR. Distribution and molecular
characterization of resistance gene cassettes
containing class 1 integrons in multi-drug
resistant (MDR) clinical isolates of Pseudomonas
aeruginosa. Infect Drug Resist. 2020:2773-81.
[DOI:10.2147/I1DR.S263759] [PMID] [PMCID]

Pachori P, Gothalwal R, Gandhi P. Emergence of
antibiotic resistance Pseudomonas aeruginosa in
intensive care unit; a critical review. Genes Dis.
2019;6(2):109-19. [PMID] [PMCID]
[DOI:10.1016/j.gendis.2019.04.001]

Mensa J, Barberan J, Soriano A, Llinares P, Marco
F, Cantén R, et al. Antibiotic selection in the
treatment of acute invasive infections by

Year 18, Issue 2 (March — April 2024)

28.

29.

30.

31.

32.

33.

34.

35.

36.

Pseudomonas aeruginosa: Guidelines by the
Spanish Society of Chemotherapy. Revista
Espafiola de Quimioterapia. 2018;31(1):78.

Rashid Mahmood A, Mansour Hussein N. Study
of Antibiotic Resistant Genes in Pseudomonas
aeroginosa lIsolated from Burns and Wounds.
Arch Razi Inst. 2022;77(1):403-11.

Jacoby GA. Mechanisms of resistance to
quinolones. Clin Infect Dis. 2005;41 (Sup.2):5120-
S6. [DOI:10.1086/428052] [PMID]

Akasaka T, Tanaka M, Yamaguchi A, Sato K. Type
Il topoisomerase mutations in fluoroquinolone-
resistant clinical strains of Pseudomonas
aeruginosa isolated in 1998 and 1999: role of
target enzyme in mechanism of fluoroquinolone
resistance. Antimicrob Agents Chemother. 2001;
45(8):2263-8. [PMID] [PMCID]
[DOI:10.1128/AAC.45.8.2263-2268.2001]

Avsar C, Yegin Z. The Effect of Topoisomerase
Mutations on the Resistance to the Second
Generation Quinolones in  Pseudomonas
aeruginosa Clinical Isolates. Res Rev Res J Biol.
2017;5(1):2322-0066.

Ogunleye A. ldentification of GyrA mutations
conferring  fluoroquinolone resistance in
Pseudomonas aeruginosa isolated from poultry
in Ibadan, Oyo State, Nigeria. Afr J Microbiol Res.
2012;6:1573-8. [DOI:10.5897/AJIMR11.1466]

Salma R, Dabboussi F, Kassaa |, Hamze M,
Khudary R. gyrA and parC mutations in
quinolone-resistant clinical isolates of
Pseudomonas aeruginosa from Nini Hospital in
north Lebanon. J Infect Chemother. 2013;19(1):
77-81.[D0I:10.1007/s10156-012-0455-y] [PMID]

Farahi RM, Ali AA, Gharavi S. Characterization of
gyrA and parC mutations in ciprofloxacin-
resistant Pseudomonas aeruginosa isolates from
Tehran hospitals in Iran. Iran J Microbiol. 2018;
10(4):242.

Fazeli H, Havaei SA, Saeidi S, Badamchi A, Zamani
FZ, Solgi H. Molecular Detection of gyrA, parC
and oprD Mutation in Pseudomonas aeruginosa
Isolates from a University Hospital of Isfahan,
Iran during 2016. J Med Bacteriol. 2017;6(1-2):
21-7.

Wydmuch Z, Skowronek-Ciolek O, Cholewa K,
Mazurek U, Pacha J, Kepa M, et al. GyrA
mutations in ciprofloxacin-resistant clinical
isolates of Pseudomonas aeruginosa in a Silesian
Hospital in Poland. Pol J Microbiol. 2005;54(3):
201-6.

Iranian Journal of Medical Microbiology


https://doi.org/10.1016/j.bgm.2014.03.003
https://doi.org/10.1177/0300060517703573
https://www.ncbi.nlm.nih.gov/pubmed/28443385
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5536433
https://www.ncbi.nlm.nih.gov/pubmed/32774866
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7394744
https://doi.org/10.1016/j.nmni.2020.100686
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7350317
https://doi.org/10.3390/pathogens9060471
https://www.ncbi.nlm.nih.gov/pubmed/32549303
https://doi.org/10.1016/j.burns.2021.03.005
https://www.ncbi.nlm.nih.gov/pubmed/33795157
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8590735
https://doi.org/10.18683/germs.2017.1113
https://www.ncbi.nlm.nih.gov/pubmed/28626739
https://doi.org/10.2147/IDR.S263759
https://www.ncbi.nlm.nih.gov/pubmed/32848427
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7429104
https://www.ncbi.nlm.nih.gov/pubmed/31194018
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6545445
https://doi.org/10.1016/j.gendis.2019.04.001
https://doi.org/10.1086/428052
https://www.ncbi.nlm.nih.gov/pubmed/15942878
https://www.ncbi.nlm.nih.gov/pubmed/11451683
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC90640
https://doi.org/10.1128/AAC.45.8.2263-2268.2001
https://doi.org/10.5897/AJMR11.1466
https://doi.org/10.1007/s10156-012-0455-y
https://www.ncbi.nlm.nih.gov/pubmed/22821356

	1. Student Research Committee, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran
	2. Department of Microbiology, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran
	3. Medical Biotechnology Research Center, Laboratory of Microbiology and Immunology of Infectious Diseases, Paramedicine Faculty, Guilan University of Medical Sciences, Rasht, Iran
	4. Department of Microbiology, School of Medicine, Iran University of Medical Sciences, Tehran, Iran
	5. Department of Surgery, Guilan University of Medical Science, Rasht, Iran
	1. Introduction
	2. Materials and Methods
	3. Results
	5. Conclusion
	Acknowledgment
	Ethical Considerations
	Authors’ Contributions
	Funding
	Conflict of Interest

	1.  10.30699/ijmm.18.2.89

