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Background. Methicillin-resistant Staphylococcus aureus (MRSA) is recognized 
as a highly significant multidrug-resistant pathogen that can lead to severe fetal infec-
tions in both humans and animals. Fluoroquinolones (FQs) are considered among the 
antibiotics of choice used to manage MRSA infections. This study addresses rising 
fluoroquinolone resistance that limits treatment options. Resistance mechanisms typi-
cally involve mutations in the gyrA and grlA genes, which encode the drug’s targets. 
Objective: the aim of this research is to identify the genetic basis for resistance in clini-
cal MRSA isolates. Specifically, the research focused on investigating the distribution 
of mutations in the gyrA and grlA genes responsible for fluoroquinolone resistance in 
MRSA isolates obtained from different clinical sources and assessing the correlation of 
these mutations with phenotypic antibiotic resistance.

Materials and Methods. Fifty MRSA isolates collected from various clinical speci-
mens (burn, wound, nose, throat, urine, skin, ear, and operating room samples) were 
used in the study. Bacteriological methods and PCR detection of the nuc gene con-
firmed the identification of the isolates. Then, all of the isolates were tested against 
seven different antibiotics (methicillin, ciprofloxacin, levofloxacin, norfloxacin, ofloxacin, 
lomefloxacin, and nalidixic acid) using the disk diffusion method and Minimum Inhibitory 
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Concentration (MIC) tests. Twelve isolates exhibiting antibiotic resistance were selected 
for direct sequence analysis of the gyrA, grlA, and mecA gene regions. The relationship 
between mutations and resistance was analyzed statistically.

Results. All isolates (100 %) carried the mecA gene, and no mutations were 
detected in this gene. The prevalence of fluoroquinolone resistance was 24 % (12 iso-
lates). Sequence analysis revealed mutations at eight different positions in the gyrA 
gene (two missense, one deletion, and five silent) and seven different positions in 
the grlA gene (three missense, one silent, and three insertions). Statistical analysis 
revealed a significant positive correlation between mutant isolates in the gyrA and grlA 
genes and fluoroquinolone resistance (p < 0.0001). A significant correlation was also 
found between nalidixic acid resistance and the presence of mutations (p < 0.009).

Conclusion. The findings of this study indicate that a major mechanism of fluo-
roquinolone resistance in clinical MRSA isolates is the accumulation of mutations in 
the gyrA and grlA genes, which encode target enzymes, and that these mutations are 
strongly associated with high-level phenotypic resistance. It has been confirmed that 
methicillin resistance Are rely to the presence of the mecA gene and does not require 
a mutation in the gene itself. These results provide deeper insight into the underlying 
mechanisms of antimicrobial resistance. 

Keywords:	MRSA, fluoroquinolone resistance, mutation analysis, sequence analysis, 
antibiotic resistance

INTRODUCTION
Antibiotic resistance is one of the most urgent global health threats facing modern 

medicine. According to the World Health Organization (WHO, 2024), antimicrobial resis
tance is directly responsible for approximately 1.27 million deaths worldwide annually, 
and this number is expected to increase exponentially in the coming years (WHO, 2024; 
Hetta et al., 2025). The key contributor to this crisis is Staphylococcus aureus, and espe-
cially Methicillin-Resistant S. aureus (MRSA), which is recognized as the leading cause 
of both hospital- and community-acquired infections (Yuan et al., 2025; Dhaif et al., 2025; 
Dakheel et al., 2025). 

MRSA has the ability to acquire resistance not only to beta-lactam antibiotics 
but also to other antibiotic classes, exhibiting a multidrug resistance (MDR) profile 
(Ali Alghamdi et al., 2023; Atta & Salman, 2020). Among these antibiotics, fluoroqui-
nolones, broad-spectrum synthetic agents, are of critical importance. Fluoroquinolones 
act by interfering with bacterial DNA replication through inhibition of the key enzymes 
called DNA gyrase and topoisomerase IV. However, the widespread and sometimes 
inappropriate use of these antibiotics has led to the selection and spread of resistant 
bacterial strains (Tang & Zhao, 2023; Collins & Osheroff, 2024).

The predominant and most significant mechanism of fluoroquinolone resistance in 
S. aureus is point mutations in the “quinolone resistance determining regions” (QRDR) 
of the gyrA and grlA genes, which encode the A subunits of the target enzymes. Such 
mutations decrease the ability of antibiotics from binding to the enzyme-DNA complex, 
thereby promoting resistance (Huynh et al., 2023a; Huynh, 2023b; Kadham et al., 2022). 
During the development of resistance, mutations initially accumulate in grlA (topoi-
somerase IV), followed by gyrA (DNA gyrase). This gradual accumulation of mutations 
correlates with increasing minimum inhibitory concentration (MIC) values, leading to 
high-level resistance (Ebrahimi et al., 2025).
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Recent molecular epidemiology studies indicate that MRSA isolates from different 
geographic regions may exhibit different mutational patterns, and these patterns are 
critical for shaping regional treatment guidelines (Kumar et al., 2021). However, com-
prehensive studies that systematically characterize the gyrA and grlA gene mutations 
linked to fluoroquinolone resistance in clinical MRSA isolates from Baghdad region in 
Iraq, and statistically correlate these genotypic changes with phenotypic resistance pro-
files, are limited (Qader et al., 2025).

Accordingly, the present study aims to assess phenotypic resistance profiles to 
fluoroquinolones in clinical MRSA isolates from the Baghdad region and to identify 
QRDR mutations in the gyrA and grlA genes by direct sequence analysis. In addition, 
the study aimed to statistically evaluate the correlation between the detected genotypic 
mutation patterns and phenotypic antibiotic susceptibility results (MIC values and sus-
ceptibility categories).

It is anticipated that the results of this study will contribute to understanding the 
regional resistance epidemiology, the development of rapid molecular methods (diag-
nostic), and the establishment of effective empirical treatment strategies. Furthermore, 
the obtained data are expected to make a valuable contribution to the global under-
standing of the molecular mechanisms underlying fluoroquinolone resistance in MRSA 
and to antimicrobial resistance monitoring efforts.

MATERIALS AND METHODS
Study design. This cross-sectional, experimental study was conducted on clini-

cal samples collected from three different healthcare centers in Baghdad (Al-zafrania 
Hospital, Al-alwia Children’s Hospital, and a private pathological analysis laboratory) 
between March and June 2019. 

Clinical samples and inclusion criteria. A total of 185 clinical samples (burn, 
wound swabs, nasal swabs, throat swabs, urine, skin swabs, ear swabs, and operat-
ing room surface swabs) were included in the study. Inclusion criteria included visibility 
of Gram-positive cocci on Gram staining, the formation of yellow/golden colonies on 
Mannitol Salt Agar (MSA), and a positive coagulase test.

Bacterial isolation and identification
Culture and morphological identification. Samples were plated on Mannitol Salt 

Agar (MSA, Himedia), Blood Agar (BA, Himedia), and Hi-Crome Rapid MRSA Agar 
Base (Himedia) and incubated at 37 °C for 24–48 h. The morphological criteria were 
evaluated for S. aureus identification, including the formation of yellow colonies due to 
mannitol fermentation on MSA, Beta-hemolysis on Blood Agar, and the formation of 
greenish-yellow colonies on Hi-Crome Rapid MRSA Agar.

Biochemical tests. Suspected isolates were confirmed using the following bio-
chemical tests: catalase test (using 3 % H2O2), coagulase test (slide and tube method), 
oxidase test, methyl red test, and Voges–Proskauer test.

Automated identification system. The identification of all isolates was confirmed 
using a GP card with the VITEK 2 Compact system (Bio-Mérieux, France).

Antibiotic susceptibility tests
Disk diffusion method. The Kirby–Bauer disk diffusion method was performed 

according to CLSI 2018 criteria. Bacterial suspensions adjusted to a 0.5 McFarland 
standard were plated on Mueller–Hinton agar (Hi-media). The antibiotic discs (Mast 
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Diagnostics, UK) were applied, using the following antibiotics [ciprofloxacin (5 µg), levo-
floxacin (5 µg), lomefloxacin (10 µg), nalidixic acid (30 µg), norfloxacin (30 µg), ofloxacin 
(5 µg), and methicillin (5 µg)]. After incubating the plates at 37 °C for 24 hours, the diam-
eters of the inhibition zone were measured and classified as “susceptible,” “intermedi-
ately susceptible,” or “resistant” depending on the CLSI criteria.

Minimum inhibitory concentration (MIC) determination. MIC values of 12 iso-
lates exhibiting fluoroquinolone resistance were determined using the agar dilution 
method. Antibiotic concentration ranges (0.25–512 µg/mL) were prepared depending 
on the CLSI 2025 guidelines. MIC represents the lowest antibiotic application that gives 
no bacterial growth (Schuetz et al., 2025).

Molecular analyses
Genomic DNA extraction. Genomic DNA from a total of 50 MRSA isolates was 

isolated using the Presto™ Mini gDNA Bacteria kit (Geneaid, USA) in line with the 
manufacturer’s instructions. DNA concentration and purity of the DNA were tested 
and determined using a NanoDrop spectrophotometer (260/280 nm absorbance ratio) 
(Thermo Scientific, USA).

Polymerase chain reaction (PCR). The following primers (Alpha DNA, USA) were 
used for S. aureus identification and detection of resistance genes:

Table 1. PCR primer sequences and amplification conditions

Gene Primer sequence (5′–3′) Product 
size (bp) Amplification сonditions

nuc
F:GCGATTGATGGTGATACGGTT

R:GAGCCGAAGTCTTGGGTAAAAAC
276

94 °C for 5 min; 35 cycles of [94 °C 
for 30 s, 54°C for 30 s, 72  °C for 
30 s]; final extension at 72  °C for 
10 min

mecA
F:TGCAGTACCGGATTTGCC

R:TCGATGGTAAAGGTGGC
525

94 °C for 5 min; 30 cycles of [94 °C 
for 30 s, 60 °C for 30 s, 72 °C for 
30 s]; final extension at 72  °C for 
10 min

grlA
F:AGGTGATCGCTTTGGAAGA

R:CGTCCATTGCGTAAGTTTC
770

94 °C for 5 min; 30 cycles of [94 °C 
for 1 min, 58 °C for 1 min, 72 °C for 
1 min]; final extension at 72 °C for 
10 min

gyrA
F:GAACAAGGTATGACACCGGA

R:AATACGTTGACGTCGCC
660

94 °C for 5 min; 30 cycles of [94 °C 
for 1 min, 58 °C for 1 min, 72 °C for 
1 min]; final extension at 72 °C for 
10 min

Note:	 PCR reactions were performed in a final volume of 25 µL using GoTaq® Green Master Mix 
(Promega, USA)

Gel electrophoresis. PCR products were run on a 2 % agarose gel at a voltage 
of 70 V (constant voltage) and for 60–70 min. Gel visualization was performed using 
ethidium bromide staining under a UV transilluminator (Flowgen, UK).

DNA sequence analysis and mutation detection. PCR products of the gyrA, 
grlA, and mecA genes from 12 isolates exhibiting fluoroquinolone resistance were 
sent to Macrogen Inc. (South Korea) for sequence analysis using forward primers. 
Raw sequence data were aligned using BioEdit v7.2.6 software and compared with 



85CORRELATION BETWEEN MUTATIONAL PROFILES IN FLUOROQUINOLONE RESISTANCE GENES (gyrA AND grlA)...

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2026 • Том 20 / № 2 • С. 81–96

the sequences of the reference S. aureus strain RF122 in NCBI GenBank. Amino acid 
substitutions were determined using MEGA7 software.

Statistical analysis. SPSS (version 25) was used to analyze the data we col-
lected. Categorical variables were analyzed using the Chi-square test, as the expected 
cell counts were ≥ 5. Spearman’s rank correlation coefficient was used to assess cor-
relations between variables. Any result in which the probability of error was less than 
5 % (p-value < 0.05) was considered statistically significant. The statistical findings were 
interpreted with caution in view of the relatively small sample size.

RESULTS
Bacteriological identification and isolate distribution. Of the 185 clinical sam-

ples, 50 (27 %) were identified as S. aureus. The distribution of isolates by clinical 
source is shown in Table 2.

All isolates showed mannitol fermentation on MSA, beta-hemolysis on Blood Agar, 
and characteristic colony morphology on Hi-Crome Rapid MRSA Agar. In biochemi-
cal tests, all isolates were positive for catalase, coagulase, methyl red, and Voges–
Proskauer tests, and negative for oxidase tests.

Table 2. Distribution of Staphylococcus aureus isolates by clinical source

Clinical source Sample number Number of isolates Percentage (%)
Throat 23 11 22
Ear 25 10 20
Nose 21 8 16
Burn 23 5 10
Operating room 20 5 10
Urine 18 4 8
Wound 27 4 8
Skin 28 3 6
Total 185 50 100

Antibiotic susceptibility profiles
Antibiotic susceptibility profiles determined by the disk diffusion method are sum-

marized in Table 3.

Table 3. Antibiotic susceptibility test results of Staphylococcus aureus isolates

Antibiotic Susceptible (%) Intermediate Susceptible (%) Resistant (%)
Methicillin 0 (0) 0 (0) 50 (100)
Nalidixic acid 20 (40) 2 (4) 28 (56)
Ciprofloxacin 38 (76) 0 (0) 12 (24)
Levofloxacin 38 (76) 0 (0) 12 (24)
Norfloxacin 38 (76) 0 (0) 12 (24)
Ofloxacin 38 (76) 0 (0) 12 (24)
Lomefloxacin 34 (68) 4 (8) 12 (24)
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All isolates (100 %) were identified as methicillin-resistant (MRSA). The resistance 
rate to fluoroquinolone antibiotics was found to be 24 % (12 isolates).

Minimum inhibitory concentration (MIC) results. The MIC values ​of the 12 iso-
lates showing fluoroquinolone resistance are shown in Table 4. Also, see Figure.

Table 4.	Minimum inhibitory concentrations (MICs) of fluoroquinolones (µg/mL) against 
Staphylococcus aureus isolates

Isolate 
No. Source CIP LEV NOR OFX LOM NA

1 Burn 0.5 16 16 32 128 64
4 Burn 2 32 32 64 512 512
9 Ear 1 32 32 128 256 512
16 Nose 1 32 32 32 256 512
17 Nose 2 32 32 32 512 512
24 Operating room 1 32 32 64 512 512
29 Skin 2 32 32 64 512 512
32 Throat 1 16 64 32 64 1024
42 Throat 2 32 32 32 512 512
43 Urine 2 32 64 64 128 32
47 Wound 1 32 16 32 32 128
50 Wound 1 16 8 32 1024 1024

Note:	 CIP – ciprofloxacin; LEV – levofloxacin; NOR – norfloxacin; OFX – ofloxacin; LOM – lomefloxacin; 
NA – nalidixic acid

Mean MIC values of fluoroquinolones according to the number of gyrA and grlA mutations in MRSA isolates. 
Error bars represent standard deviation (SD)
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The statistical analysis for MIC distribution revealed a clear gradient in resistance 
levels among the tested fluoroquinolones. The highest mean MIC was observed for 
nalidixic acid (488 ± 302.21 µg/mL), followed by lomefloxacin (370.67 ± 270.73 µg/mL), 
ofloxacin (50.67 ± 27.58 µg/mL), norfloxacin (32.67 ± 16.15 µg/mL), and levofloxacin 
(28 ± 6.93 µg/mL), while ciprofloxacin showed the lowest mean MIC (1.38 ± 0.54 µg/mL). 
These findings indicate a marked variability in resistance intensity among the fluoroqui-
nolone group, with particularly elevated MIC values for lomefloxacin and nalidixic acid. 
Several isolates demonstrated extremely high MIC values (up to 1024 µg/mL), indica
ting high-level resistance.

Molecular identification and detection of resistance genes. PCR analysis of 
all isolates confirmed the identification of S. aureus at the molecular level, with the nuc 
gene (276 bp) positive. Furthermore, all isolates were genotypically confirmed as MRSA 
phenotypes, with the mecA gene (525 bp) positive.

The gyrA (660 bp) and grlA (770 bp) genes were amplified by PCR in all 12 isolates 
exhibiting fluoroquinolone resistance. In this study, these PCR products represent diag-
nostic fragments rather than the full-length genes.

DNA sequence analysis and mutation profiles
gyrA gene mutations. Silent mutations were recorded for descriptive purposes 

and excluded from the association analysis, as they do not alter amino acid sequences 
and are unlikely to influence fluoroquinolone resistance. A total of eight different muta-
tions were identified in the QRDR region of the gyrA gene (Table 5).

Table 5. Detected mutations in the gyrA gene of Staphylococcus aureus isolates

Nucleotide 
position Codon change Amino acid change Mutation type Number 

of isolates

329 TTT → TCT Phe110 → Ser Missense 1

355 GCA → TCA Ala119 → Ser Missense 1

355 GCA → – Ala119 → Deletion Deletion 1

396 ACA → ACT Thr132 → Thr Silent 12

501 TTA → TTG Leu167 → Leu Silent 12

633 GAA → GAG Glu211 → Glu Silent 12

657 CCA → CCT Pro219 → Pro Silent 12

696 CGC → CGT Arg232 → Arg Silent 12

grlA gene mutations. A total of seven different mutations were identified in the 
QRDR region of the grlA gene (Table 6).

mecA gene sequence analysis. No mutations were detected in the mecA gene 
sequence analysis of all isolates.

Statistical analysis results. The relationship between the presence of mutations 
and antibiotic resistance was statistically evaluated (Table 7).

A statistically significant, strong positive correlation was found between fluoroqui-
nolone resistance and the presence of the gyrA/grlA mutation (Spearman’s r = 0.896, 
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p < 0.0001). Other resistance mechanisms, such as efflux pump overexpression, were 
not investigated in this study, and therefore their possible contribution to fluoroquinolone 
resistance cannot be excluded.

Table 6. Detected mutations in the grlA gene of Staphylococcus aureus isolates

Nucleotide 
position Codon change Amino acid change Mutation type Number 

of isolates

108 – → GAA X36 → Glu Insertion 1

115 – → TAA Stop39 → Stop Insertion 1

122 CCG → CAG Pro41 → Gln Missense 12

173 – → AGT X58 → Ser Insertion 1

242 TCC → TTC Ser81 → Phe Missense 1

597 CCA → CCG Pro199 → Pro Silent 12

670 ATT → GTT Ile224 → Val Missense 3

Table 7. Mutation and antibiotic resistance correlation analysis

Antibiotic group Statistical test p-value Correlation coefficient (r)

Fluoroquinolones* Pearson Chi-square < 0.0001 –

Fluoroquinolones* Spearman correlation < 0.0001 0.896

Nalidixic acid Pearson Chi-square 0.009 –

Nalidixic acid Spearman correlation 0.017 -0.337

Lomefloxacin Pearson Chi-square < 0.0001 –

Lomefloxacin Spearman correlation < 0.0001 0.663

Note:	 Fluoroquinolones include ciprofloxacin, levofloxacin, norfloxacin, and ofloxacin. * – Chi-square test 
was used for comparison

Distribution of MIC values according to mutation profiles. Statistical analysis 
was performed using one-way ANOVA to compare the mean MIC values among the 
groups. The results are summarized in Table 8.

Table 8.	Distribution of minimum inhibitory concentration (MIC) values of fluoroquinolones 
according to the number of the gyrA and grlA mutations in MRSA isolates

Mutation group n Mean MIC (µg/ML) SD Range (µg/ML) 

Single mutation 4 64 8 16–128

Double mutation 5 256 128 32–512

Three or more mutations 3 512 256 128–1024
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We measured MICs using the agar dilution method following CLSI 2025 guidelines. 
The highest MIC observed was 1024 µg/mL, markedly exceeding the CLSI cutoff for 
resistance in S. aureus (≤1 µg/mL is considered susceptible). Very few studies have 
reported such high MICs before, which suggests that multiple mutations can substan-
tially enhance resistance levels. Statistical analysis using one-way ANOVA showed  
a significant difference in MIC values between the groups (p < 0.05), indicating that the 
accumulation of mutations is associated with higher levels of fluoroquinolone resist-
ance. Post-hoc analysis (Tukey’s test) confirmed that each increase in the number of 
mutations significantly elevated MIC values compared to the previous group (p < 0.05). 
Thus, isolates that have multiple mutations in gyrA and grlA genes showed the highest 
MIC values, confirming the “stepwise accumulation” model of resistance development. 

DISCUSSION
Amid the global crisis, Methicillin-Resistant Staphylococcus aureus (MRSA) stands 

out as a particularly concerning pathogen (Ahmed et al., 2024). It continues to be  
a significant cause of morbidity and mortality in both hospital- and community-acquired 
infections (Kumar et al., 2025; Li et al., 2025). Only fluoroquinolone-resistant isolates 
were sequenced; therefore, mutation specificity could not be assessed.

The most notable result in this study is the identification of the Pro41 → Gln mis-
sense mutation in the grlA gene across all (100 %) fluoroquinolone-resistant MRSA 
isolates collected from Baghdad region. This observation differs from mutation pat-
terns that have been commonly described in the global literature. According to a com-
prehensive analysis by N. A. Turner et al., the most common mutations in the grlA 
gene are traditionally Ser80 → Phe and Glu84 → Lys (Turner et al., 2019). Similarly, 
a multicenter study by D. J. Diekema et al. and depending on data from the SENTRY 
Antimicrobial Surveillance Program confirms that these classic mutations are the 
dominant resistance mechanism in many regions of North America, Europe, and Asia 
(Diekema et al., 2019).

Apart from regional differences, some of our results are similar to those around 
the world. Mutations in both gyrA and grlA have been detected in resistant isolates,  
a well-known mechanism for high fluoroquinolone resistance. We also found that the 
MIC values increased with the number of mutations, a pattern reported in several pre-
vious studies. This confirms the important role of QRDR mutations in MRSA, which is 
resistant to fluoroquinolone.

Several factors may explain this regional variation, including the potential 
dissemination of a dominant MRSA clone harboring Pro41 → Gln mutation. However, 
no molecular typing (MLST or spa typing) was performed to confirm this hypothesis. 
A genomic study by S. Baker et al., published in Science, demonstrated that specific 
antibiotic resistance mutations can become fixed within successful bacterial clones and 
spread geographically (Roer et al., 2025; Abebe & Birhanu, 2023; Baker et al., 2018). 
Furthermore, the varying selective pressures created by regional fluoroquinolone use 
patterns may have also played a role in the selection of this mutation. At the molecular 
level, the proximity of Pro41 position to the classical quinolone resistance-determining  
region (QRDR) suggests that this mutation may play a critical role in the stability of the 
enzyme-DNA-quinolone ternary complex (Ostrer et al., 2018; Tang & Zhao, 2023).
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Another important finding of our study is that it provides data that quantitatively 
confirms the “gradual development of resistance” hypothesis in clinical isolates (Kaul 
et al., 2025). The statistically significant differences in minimum inhibitory concentration 
(MIC) values observed between isolates carrying single, double, and multiple muta-
tions clearly demonstrate that each new mutation confers higher levels of resistance  
to the bacteria. Modern studies revealed that simultaneous mutations in DNA gyrase 
and topoisomerase IV cause an exponential decrease in drug binding affinities, resul
ting in high MIC values (Collins & Osheroff 2024; Li et al., 2022). Specifically, isolates 
carrying mutations in both grlA and gyrA genes reached MIC values up to 512 µg/mL, 
indicating that the combination of these two mutations creates a particularly effective 
resistance profile.

The strong positive correlation observed between resistance to ciprofloxacin, levo-
floxacin, norfloxacin, and ofloxacin also the mutations in gyrA/grlA genes (Spearman 
r = 0.896) indicates that these genetic alterations play a major role in determining resis
tance pattern (Fu et al., 2013). This finding indicates that other resistance mechanisms, 
such as efflux pumps and permeability changes, play a secondary role for these par-
ticular antibiotics (Mlynarczyk-Bonikowska et al., 2022). This strong correlation carries 
significant implications for clinical microbiology and infectious disease management.  
A recent study demonstrated that predicting resistance based on rapid molecular testing 
can improve clinical outcomes and optimize antibiotic management compared to the 
treatment based on traditional culture and susceptibility testing results (Banerjee et al., 
2015; Kim et al., 2022).

In contrast, the weak negative correlation between nalidixic acid resistance and the 
presence of the QRDR mutation is likely due to the pharmacological properties of this 
drug. Recent studies indicated that nalidixic acid binds to target enzymes with lower 
affinity than modern fluoroquinolones and is a better substrate for efflux pumps such as 
NorA (de Morais Oliveira-Tintino et al., 2023; Mahey et al., 2021). These pharmacoki-
netic differences clearly demonstrate that nalidixic acid resistance alone cannot be used 
as a reliable marker for modern fluoroquinolone resistance.

Our study contributes significantly to the molecular epidemiology of fluoroquinolone 
resistance in the MRSA population in the Baghdad region. The dominant presence of 
the Pro41 → Gln mutation highlights the geographical heterogeneity in global resis
tance patterns. In contrast, the gradual relationship between mutation accumulation 
and MIC values reveals the dynamic nature of resistance development (Windels et al., 
2019). The strong genotype-phenotype correlation supports the clinical applicability of 
molecular diagnostic methods. These findings provide valuable data for developing per-
sonalized treatment strategies and regional surveillance programs to combat antimicro-
bial resistance, elucidating the way in which bacteria change their composition in order 
to neutralize the effect of antibiotics.

CONCLUSION
This comprehensive study provides insight into the molecular basis of fluoroqui-

nolone resistance in clinical MRSA isolates from the Baghdad region. Our study demon-
strated that the Pro41 → Gln mutation in the grlA gene is a major contributor, with 100 % 
prevalence, in fluoroquinolone-resistant MRSA isolates from the region. This suggests 
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a possible region-specific resistance pattern distinct from mutations more frequently 
reported in the literature. A direct correlation was found between mutation accumulation 
and MIC values, with the mean MIC values being 64 µg/mL for isolates carrying a single 
mutation, rising to 256 µg/mL in those carrying double mutations, and up to 512 µg/mL 
in those carrying three (or more) mutations. Furthermore, the strong positive correlation 
(r = 0.896) between resistance to ciprofloxacin, levofloxacin, norfloxacin, and ofloxacin 
and the presence of the gyrA/grlA mutation indicates that molecular diagnostic meth-
ods may serve as a reliable tool for predicting fluoroquinolone resistance in our region. 
Our study demonstrates that fluoroquinolone resistance is a significant public health 
problem in the Baghdad region and that the rational use of this antibiotic group should 
be carefully reconsidered. The prevalence of the Pro41 → Gln mutation, in particular, 
highlights the potential importance of considering this mutation in regional resistance 
surveillance programs and rapid diagnostic tests.
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Обґрунтування. Метицилін-резистентний Staphylococcus aureus (MRSA) є кри-
тично важливим мультирезистентним патогеном, здатним спричиняти небезпечні  
для життя захворювання у людей і тварин. Фторхінолони (FQ) вважаються одними 
з препаратів вибору для лікування інфекцій, спричинених MRSA. Зростання резис-
тентності до фторхінолонів обмежує можливості терапії. Механізми резистентності 
зазвичай пов’язані з мутаціями в генах gyrA та grlA, які кодують мішені дії цих 
препаратів. Метою дослідження було визначити генетичні основи резистентності 
у клінічних ізолятах MRSA, зокрема, дослідити розподіл мутацій у генах gyrA та 
grlA, відповідальних за резистентність до фторхінолонів, у ізолятах Staphylococcus 
aureus, резистентних до метициліну, отриманих із різних клінічних джерел, а також 
оцінити кореляцію цих мутацій із фенотиповою антибіотикорезистентністю.

Матеріали та методи. У дослідженні використано 50 ізолятів MRSA, отри-
маних із різних клінічних зразків (мазки з опіків, ран, носа, горла, шкіри, вуха,  
а також зі сечі та змивів з поверхонь операційної). Ідентифікацію ізолятів підтвер-
джували за допомогою бактеріологічних методів і ПЛР-детекції гена nuc. Усі ізо-
ляти тестували на чутливість до семи антибіотиків (метицилін, ципрофлоксацин, 
левофлоксацин, норфлоксацин, офлоксацин, ломефлоксацин і налідиксова кис-
лота) методом дифузії в агарі та визначенням мінімальної інгібуючої концентрації 
(МІК). Дванадцять резистентних ізолятів було відібрано для прямого секвенування 
ділянок генів gyrA, grlA та mecA. Зв’язок між мутаціями та резистентністю аналізу-
вали статистично.

Результати. Усі ізоляти (100 %) містили ген mecA, однак мутацій у цьому гені 
не виявлено. Рівень резистентності до фторхінолонів становив 24 % (12 ізолятів). 
За результатами секвенування встановлено наявність мутацій у восьми позиціях 
гена gyrA (дві міссенс-мутації, одна делеція та п’ять “тихих”) і у семи позиціях гена 
grlA (три міссенс-мутації, одна “тиха” і три інсерції). Статистичний аналіз виявив 
достовірну позитивну кореляцію між наявністю мутацій у генах gyrA та grlA і резис-
тентністю до фторхінолонів (p < 0,0001). Також встановлено достовірний зв’язок 
між резистентністю до налідиксової кислоти і наявністю мутацій (p < 0,009).

Висновки. Результати дослідження свідчать, що основним механізмом резис-
тентності до фторхінолонів у клінічних ізолятах MRSA є накопичення мутацій у генах 
gyrA та grlA, які кодують цільові ферменти. Цікаво, що ці мутації тісно пов’язані  
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з високим рівнем фенотипової резистентності. Підтверджено, що резистентність 
до метициліну зумовлена наявністю гена mecA і не потребує мутацій у самому гені. 
Отримані результати сприяють кращому розумінню механізмів резистентності та 
мають важливе значення для регіональних програм моніторингу.

Ключові слова:	 MRSA, резистентність до фторхінолонів, аналіз мутацій, 
секвенування, антибіотикорезистентність
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