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Abstract

Background: In hospitals and communities,Methicillin-resistant Staphylococcus aureus (MRSA) plays a critical role due to its ability
to acquire resistance against several antibiotics and play a role in the spread of diseases.
Objectives: This research aimed to investigate the pattern of antibiotic resistance in MRSA isolates and performmolecular typing
of MRSA isolates using various elements, including SCCmec type, ccr type, prophage type, and gene toxin profiles.
Methods: The research spanned 20months at Al-Zahra Hospital in Isfahan and involved 148 isolates from various anatomical sites.
The isolates were evaluated for their antibiotic susceptibility patterns. They were characterized by screening for SCCmec typing, ccr
typing, phage typing, and PCR profiling of pvl, hlb, sak, eta, and tst toxin genes.
Results: From 148 total S. aureus isolates, 42% (n = 62) were methicillin-resistant. The MRSA isolates demonstrated substantial
resistance to penicillin and ciprofloxacin, and 90.3% of MRSA isolates were multiple-drug resistant. Also, SCCmec types III, I, and
IV were identified in 45.16%, 35.48%, and 19.35% of MRSA isolates, respectively. Also, seven prophage patterns and 15 toxin patterns
were detected amongMRSA isolates.
Conclusions: Multi-drug resistance is common among MRSA isolates. The only effective drug among the investigated antibiotics
was chloramphenicol. The MRSA isolates can be controlled by changing the prescribing procedure of antibiotics and applying
infection control strategies. The studied MRSA isolates can cause a wide range of diseases due to having several bacteriophages
that encode virulence factors. Identification of different types of prophagesmay be useful in predicting such pathogenic agents.
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1. Background

Nosocomial infections are a major problem affecting
all hospitals worldwide (1). Antibiotic resistance of
Staphylococcus aureus isolates is an important challenge
in hospital infection control (2). Methicillin, as an
antibacterial drug, is known to hinder the synthesis
of bacterial cell walls (3). The mecA gene is located
on a mobile region of the genome called SCCmec
(staphylococcal cassette chromosomal mec). This gene
contains specific regions that allow for modifications
in the penicillin-binding protein (PBP2a), leading to a
decrease in theaffinity forbinding tomethicillinandother
beta-lactam antibiotics. The SCCmec elements are divided
into 13 categories (I - XIII) (4). Initially, hospital-associated
methicillin-resistant S. aureus (HA-MRSA) caused MRSA

infections in hospitalized patients and chronically ill
patients. A new MRSA isolate emerged in 1990, primarily
infecting the skin and soft tissues of healthy individuals.
Community-acquired MRSA (CA-MRSA) is the name of this
isolate of MRSA. The HA-MRSA isolates typically harbor
SCCmec types I, II, and III and have higher multi-drug
resistance, while SCCmec types IV or V are typically linked
to CA-MRSA isolates (5).

Enzymes and extracellular protein toxins produced
by S. aureus infections, such as enterotoxins, toxic
shock syndrome toxin 1 (TSST-1), exfoliative toxins (ETs),
Panton-Valentine leukocidin (PVL), staphylokinase (SAK),
and hemolysins, are all essential virulence factors that
improve pathogenicity. Additionally, TSST-1toxin has
also been observed in strains isolated from healthy
individuals (6-8). Phage typing is a technique used to
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classify and differentiate bacterial isolates based on their
susceptibility to specific bacteriophages.

Bacteriophages are viruses that infect and replicate
within bacteria. By exposing MRSA isolates to a panel of
bacteriophages, phage typing allows the identification of
distinct phage profiles. This method provides valuable
information for epidemiological investigations, outbreak
control, and monitoring of the spread of MRSA isolates
(9). Typing methods and epidemiological research on
samples are essential for the detection of MRSA isolates,
as they determine the sources, control, and spread of
these microorganisms. Many molecular techniques are
available to identify and classify MRSA isolates. Methods
such as SCCmec typing and prophage typing have the
advantage of being rapid and cost-effective. These
methods can determine the molecular diversity and
types of refractory staphylococci and determine effective
treatment (10).

2. Objectives

Isfahan, one of Iran’s major cities, has witnessed
the rise of MRSA isolate infections. For an enhanced
understanding of the molecular characteristics of MRSA
isolates in this region, we employed phage typing and
molecular techniques to detect and characterize SCCmec
and ccr complex genes and virulence factors.

3. Methods

3.1. Isolation of Staphylococcus aureus and Phenotypic
Confirmation of Isolates

From January 2019 to September 2020, a total of 148
isolates of S. aureus were isolated and identified from
diverse clinical samples at Alzahra Hospital. Demographic
information about each patient, such as sex, age, date
of hospitalization, and type of specimen, was gathered
from the patient files. Different biochemical assays,
such as Gram staining, catalase, coagulase, mannitol
fermentation, and DNase, were performed to identify the
isolates (11).

3.2. Molecular Confirmation of Staphylococcus aureus Isolates

Biochemically identified isolates were further
validated by PCR using suitable primers (Macrogen Inc.,
South Korea) for the nucA gene (12). All S. aureus isolates
were cultivated, and DNA extraction was conducted using
the standard phenol/chloroform extraction procedure.
The S. aureus isolates were verified using nucA gene
primers, as previously published (13, 14).

3.3. Identification of Methicillin-resistant Staphylococcus
aureus Isolates

The disk diffusion method was used to test the
sensitivity of S. aureus isolates to cefoxitin (30 µg) (Padtab
Teb, Iran) for the detection of MRSA isolates based on
the guidelines of the Clinical and Laboratory Standard
Institute (CLSI) (15). On Mueller-Hinton Agar plates, a
bacterial concentration comparable to a 0.5 McFarland
standard was grown under aerobic conditions at 35°C
overnight. To confirm MRSA isolates, the PCR method
was performed for amplification of the mecA gene, as
described previously (16, 17). Staphylococcus aureus isolates
resistant to methicillin (ATCC 33592) and sensitive to
methicillin (ATCC 29213) were employed as the positive
and negative controls, respectively.

3.4. Examining Antibiotic Sensitivity Patterns

The antibiotic susceptibility pattern of MRSA isolates
was performed for penicillin (10 µg), kanamycin (30 µg),
amikacin (30 µg), erythromycin (15 µg), tobramycin (10
µg), gentamicin (10 µg), clindamycin (2 µg), ciprofloxacin
(5 µg), chloramphenicol (30 µg), and tetracycline (30 µg)
by the disc diffusionmethod based on the CLSI guidelines.

3.5. Detection of SCCmec and ccr Typing with Multiplex
Polymerase Chain Reaction

In order to ascertain SCCmec types, a multiplex
polymerase chain reaction (PCR) typing assay was
employed, as previously documented. This assay involved
the use of four pairs of primers, which included primers
that were unique and specific to each SCCmec type (18).
A thermocycler (Eppendorf, Germany) was employed to
perform DNA amplification. The multiplex PCR protocol
consisted of the following steps: initial denaturation at
95°C for 5 minutes, followed by 30 cycles of denaturation
at 95°C for 30 seconds, annealing at 56°C for 30 seconds,
extension at 72°C for 1minute, and a final extension step at
72°C for 8 minutes. A subsequent multiplex PCR assay was
conducted to characterize ccr gene complexes, employing
the previously described four sets of primers for each of
the ccr genes (19).

3.6. Prophage Typing

Specific primers for the prophage serogroups, such
as SGF, SGL, SGA, SGD, and SGB, as well as the prophage
subtypes SGFa and SGFb, were used in a multiplex-PCR
assay. Pantucek et al. previously described prophage
typing of MRSA isolates (20).
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3.7. Investigating the Presence of Important Toxins of
Methicillin-resistant Staphylococcus aureus

The PCR technique was employed along with specific
primers targeting the genes responsible for encoding ETA
and ETB (6), TSST (7), PVL (16), SAK, and HLB (8) (Appendix
1). The objective was to evaluate the efficacy of these PCR
methods indetectingvariouspathogenicitygenes inMRSA
isolates.

3.8. Evaluation of Polymerase Chain Reaction Products

The PCR results for all genes were evaluated using
1% agarose (Sigma, United Kingdom) gel electrophoresis.
Heatedagarosepowder (2%)wasuniformlydissolved in the
buffer. Consequently, the gel was stained with a DNA-safe
stain (Yektatajhiz). Electrophoresis (80 V, 45min)was used
to segregate the amplified PCR molecules on the gel, and
they were compared to a DNA size marker (Thermo Fisher,
USA). Finally, to visualize the bands, the gel was subjected
to UV light (17).

3.9. Statistical Analysis

Weused SPSS (v.22.0) software to conduct the statistical
analysis, specifically using the Fisher’s test. Statistical
significancewas considered for P-values (P) of ≤0.05, 0.01,
and 0.001.

4. Results

4.1. Staphylococcus aureus Isolates Phenotypic and Molecular
Confirmation

The identity of 148 S. aureus isolates was confirmed
by Gram differential biochemical tests (Gram staining,
catalase, coagulase, DNase, mannitol fermentation) and
PCR of the nuc gene.

4.2. Identification of Methicillin-resistant Staphylococcus
aureus Isolates

Out of the 148 isolates of S. aureus that were gained
from clinical samples, 62 (42%) were identified as MRSA
through both phenotypic (resistance to cefoxitin) and
genotypicmethods (thepresenceof themecAgene) (Figure
1A and B). The most common MRSA isolates originated
fromwoundspecimens (41.9%), followedby the respiratory
system (17.7%), blood (16.1%), urine (9.7%), abscess (4.8%),
synovial fluid (4.8%), and secretions (4.8%). Overall, 66.1% of
MRSA isolates were obtained from female and 33.9% from
male patients. In addition, most of the MRSA isolates were
obtained from the internal ward (50%), followed by the
ICU (21%), the surgical ward (19.3%), and the emergency
ward (9.7%). Table 1 presents the data regarding the
susceptibility of MRSA isolates obtained in this research to
the 10 antibiotics examined.

4.3. Patterns of Antibiotic-resistant Methicillin-resistant
Staphylococcus aureus Isolates

The antibiotic-resistant pattern revealed a high
rate of antibiotic resistance to penicillin (100%),
followed by ciprofloxacin (71%) and erythromycin
(67.7%). In comparison, the most effective antibiotic was
chloramphenicol (96.8%). Antibiotic penicillin was not
effective against anyMRSA isolates. Also, chloramphenicol
was effective against all of the CA-MRSA isolates. According
to the results of statistical analysis, the rate of antibiotic
resistance was as follows: erythromycin (P = 0.005),
kanamycin (P = 0.010), and clindamycin (P = 0.002).
Antibiotic resistance in HA-MRSA was substantially higher
than inCA-MRSA. Table 2presents theprevalenceof various
SCCmec types and their distribution among MRSA isolates
obtained from diverse samples. The relationship between
clinical specimens and SCCmec types was significant (P =
0.014), while the relationship of PVL toxin and prophage
with clinical specimens was not significant (P = 0.052 and
0.096, respectively).

4.4. Characterization of Methicillin-resistant Staphylococcus
aureus Isolates by SCCmec and ccr Typing

According to the findings of the multiplex PCR
analysis, the most prevalent SCCmec type among the
MRSA isolates was type III, accounting for 45.16% of the
total. These isolates also tested positive for type III ccr.
Besides, SCCmec type I was the second most prevalent,
comprising 35.48% of the isolates, along with type I ccr.
Additionally, 19.35% of the samples exhibited SCCmec type
IV with type II ccr, as depicted in Figure 1C. In contrast,
80.65% of the cases were classified as HA-MRSA, while the
remaining 19.35% were categorized as CA-MRSA. Table 3
presents the antibiotic resistance pattern of MRSA isolates,
categorized by the number of antibiotics to which they
were resistant and the SCCmec type of the isolates. The
antibiotic resistance pattern of MRSA isolates from 1 to 9
antibiotics was examined, and the relationship between
these patterns and SCCmec types was significant (P =
0.003).

4.5. Prophage Typing

Table 4 demonstrates the detection of various
prophage types in the PCR assays in the absence of
SGD and SGL. In the prophage typing of MSRA isolates,
the following prophage genes were identified: SGF in 62
(100%), SGFb in 60 (96.77%), SGFa in 55 (88.71%), SGB in 35
(56.45%) and SGA in 12 (19.35%) (Figure 2). As the results
showed, SGF was found in 100% of MRSA isolates, and all
isolates had at least one prophage, according to the PCR
data. Furthermore, none of the isolates contained SGL and
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Figure 1. (A) PCR amplification products of nuc genes run on the agarose gel. The negative control is in lane 1, followed by the positive nuc samples in lanes 2, 3, and 4, the
positive control in lane 5, and the 100-bp DNA molecular weight marker in lane 6. (B) Analysis of PCR products by agarose gel electrophoresis of mecA genes. Lane 1: 100-bp
DNAmolecularweightmarker, followedby positive control in lane 2, positivemecA sample (310 bp) in lanes 3 - 5, andnegative control in lane 6. (C) Agarose gel electrophoresis
of multiplex PCR products of SCCmec genes. Lanes 1 and 2: SCCmec type IV (415 and 937 bp); lanes 4, 5, and 6: SCCmec type III (518 bp); lanes 8 and 9: SCCmec type I (415 bp); lanes
3, 7, and 10: negative control; lane 11: 100-bp DNAmolecular weightmarker.

Table 1. Assessment of Resistance of Methicillin-resistant Staphylococcus aureus Isolates to Different Antibiotics

Antimicrobial Drug
Source of MRSA, No. (%)

Total, No. (%) P Value
HA CA

Penicillin 50 (100) 12 (100) 62 (100) 1.000

Ciprofloxacin 38 (76) 6 (50) 44 (71) 0.075

Erythromycin 38 (76) 4 (33) 42 (68) 0.005 a

Tetracycline 31 (62) 8 (67) 39 (63) 0.764

Amikacin 33 (66) 5 (42) 38 (61) 0.120

Tobramycin 32 (64) 5 (42) 37 (60) 0.157

Kanamycin 33 (66) 3 (25) 36 (58) 0.010 b

Clindamycin 33 (66) 2 (17) 35 (56) 0.002 a

Gentamicin 22 (44) 2 (17) 24 (39) 0.081

Chloramphenicol 2 (4) 0 2 (3) 0.481

Abbreviations: HA, hospital-acquired; CA, community-acquired.
a P< 0.01
b P< 0.05

SGD. The MRSA isolates were discovered to contain seven
differentpatterns, themost commonof whichwaspattern
1 (37 %). According to the statistical analysis conducted
using Fisher’s test, significant relationshipswere observed
between the following prophage types: SGF and SGFa (P =
0.009), SGF and SGFb (P = 0.000), and SGFa and SGFb (P =
0.000). These findings indicated a significant association
among these three prophages. However, the analysis did
not reveal any significant relationships between other
prophage types (Table 4).

4.6. Identification of Toxin Genes in Methicillin-resistant
Staphylococcus aureus Isolates

The predominant distribution of studied toxins in
MRSA isolateswas found tobeassociatedwith the sakgene,
accounting for 70.96% of cases. The existence of the hlb
gene was identified in 41.93% of the MRSA isolates. The
pvl gene was found in 19.35% of the isolates, while the
eta gene was detected in 56.45% of the isolates (n = 35).
Notably, none of the isolates were found to carry the etb
gene. The tst genewas recognized in only 2 (3.22%) of MRSA
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Table 2. Different SCCmec Types’ Prevalence and Distribution AmongMethicillin-resistant Staphylococcus aureus Isolates Recovered from Various Samplesa

Sample SCCmec I SCCmec III SCCmec IV pvl SGA Prophage Total

Urine 0 6 (21.4) 0 0 0 6 (9.7)

Wound 13 (59.1) 9 (32.1) 4 (33.3) 4 (33.3) 4 (33.3) 26 (41.9)

Blood 4 (18.2) 3 (10.7) 3 (25) 3 (25) 3 (25) 10 (16.1)

Synovial fluid 0 1 (3.6) 2 (16.6) 2 (16.6) 2 (16.6) 3 (4.8)

Respiratory system 2 (9.1) 8 (28.6) 1 (8.3) 1 (8.3) 1 (8.3) 11 (17.7)

Abscess 2 (9.1) 1 (3.6) 0 0 0 3 (4.8)

Secretion 1 (4.5) 0 2 (16.6) 2 (16.6) 2 (16.6) 3 (4.8)

P Value 0.014 b 0.052 0.096

a Values are presented as No. (%).
b P< 0.05

Table 3. Antibiotic Resistance Pattern of Methicillin-resistant Staphylococcus aureus Isolates

Number of Resistant
Antibiotics

Number ofMicroorganisms
(MRSA)

Sccmec Type Number of
Patterns

1 3 2 isolates Sccmec type I, 1 isolates Sccmec type IV 1

2 3 1 isolates Sccmec type I, 2 isolates Sccmec type IV 2

3 5 2 isolates Sccmec type I, 3 isolates Sccmec type IV 4

4 9 5 isolates Sccmec type I, 2 isolates Sccmec type III, 2 isolates Sccmec
type IV

6

5 7 1 isolates Sccmec type I, 4 isolates Sccmec type III, 2 isolates Sccmec
type IV

7

6 11 6 isolates Sccmec type I, 5 isolates Sccmec type III 11

7 4 2 isolates Sccmec type I, 1 isolates Sccmec type III, 1 isolates Sccmec
type IV

4

8 10 2 isolates Sccmec type I, 7 isolates Sccmec type III, 1 isolates Sccmec
type IV

4

9 10 1 isolates Sccmec type I, 9 isolates Sccmec type III 1

P value 0.003 a

a P< 0.01

Table 4. Evaluation of Prophage Variability inMethicillin-resistant Staphylococcus aureus Isolates

Phage Pattern
Phage Type Number ofMRSA Isolates, No.

(%)
SGA SGB SGF SGFa SGFb

1 - + + + + 23 (37.10)

2 - - + + + 20 (32.26)

3 + + + + + 8 (12.90)

4 + - + + + 4 (6.45)

5 - - + - + 3 (4.83)

6 - + + - + 2 (3.22)

7 - + + - - 2 (3.22)

Total, No. (%) 12 (19.35) 35 (56.45) 62 (100) 55 (88.71) 60 (96.77) 62 (100)
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Figure 2. Analysis of PCR products by agarose gel electrophoresis of prophage typing. A: (SGF prophage); Lane 1: 100-bp DNAmolecular weight marker, followed by positive
control in lane 2, positive SGF sample (155 bp) in lanes 3 and 4, and negative control in lane 5. B: (SGFa); Lane 1: 100-bp DNA molecular weight marker, followed by negative
control in lane 2, positive SGF sample (548 bp) in lanes 3 - 5, and positive control in lane 6. C: (SGFb); Lane 1: 100-bp DNAmolecular weightmarker, followed by positive control
in lane 2, positive SGFba sample (147 bp) in lanes 3 - 5, and negative control in lane 6. D: (SGA); Lane 1: 100-bp DNAmolecular weight marker, followed by negative control in
lane 2, positive SGA sample (744 bp) in lanes 3-6, and positive control in lane 7. E: (SGB prophage); Lane 1: 100-bp DNAmolecular weightmarker, followed by positive control in
lane 2, positive SGB sample (405 bp) in lanes 3 - 6, and negative control in lane 7.

isolates Figure 3). The SCCmec type IV, along with type II
ccr, exhibited positivity for the pvl gene. The pvl gene was
exclusively observed in CA-MRSA isolates. Based on Fisher’s
test, the comparison of the toxin genes indicated that
there was no statistically significant relationship between
different genes presented (Table 5). Appendix 2 shows
the relationship between virulence genes and prophage
genes. By using Fisher’s test, it was noticed that the P-value

of toxin/prophage was 0.000, indicating a statistically
significant relationship between these toxin genes and
prophages.

5. Discussion

According to the findings of the present study, MRSA
isolates were found in 42% of hospitals in Isfahan, with
90.3% of MRSA isolates being multi-drug resistant (MDR).
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Figure 3. Analysis of PCR products by agarose gel electrophoresis of toxin genes: (A) pvl genes (433 bp), (B) hlb genes (525bp), (C) sak genes (383bp), (D) tst genes (350bp); (E)
eta genes(119bp). Lane 1: 100-bp DNAmolecular weightmarker; lanes 2, 3, and 4: Positive samples; lane 5: Positive control; lane 6: Negative control.

The incidence of MRSA isolates in several parts of Iran has
been shown tobe 31.4% in Shiraz, 37.5% in Tehran, and 35.7%
in Hamedan, which is compatible with the findings of this
study (21-23). In a study conducted by Fasihi et al., MRSA
isolateswere 53%, whichwas slightlymore thanour results
(42%), possibly due to different sampling (12, 24). Besides,
MRSA isolateswerediscoveredtobepresent in29%, 21%, and
19% of patients by other researchers (25-27). However, in
our study, this rate was 42%, which is more than what the
previous research reports. Outbreaks of MRSA isolates in
different parts of Iranmay be due to different causes.

The number of patients evaluated, the kinds of clinical
specimens used, the geographic regions tested, and
the methods used to test for methicillin resistance all

contribute to these differences in findings. Antibiotic
susceptibility testing found that after penicillin (100%),
ciprofloxacin had the highest resistance rate at 71%. The
rate of resistance to chloramphenicol was lower than
that of other antibiotics. The results of the present study
align closely with those of a study conducted in 2020 in
the western part of Iran by Hesari et al., which found that
of 126 S. aureus isolates, erythromycin and ciprofloxacin
had the highest levels of resistance (28). In Mohammadi’s
study on S. aureus isolates, the highest resistance rate was
against erythromycin (82.75%) and clindamycin (82.75%)
antibiotics (29).

In the course of our investigation into antibiotic
resistance, we identified a total of 40 distinct patterns of
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Table 5. Distribution of Toxin Profiles of Different Methicillin-resistant Staphylococcus aureus Isolates

Pattern
Patterns of Toxins

No. (%)
sak hlb tst pvl eta etb

1 + - - - + - 12 (19.35)

2 + - - - - - 9 (14.51)

3 + + - - + - 7 (11.29)

4 + - - + + - 6 (9.67)

5 + + - - - - 5 (8.06)

6 - + - - + - 5 (8.06)

7 - + - - - - 3 (4.83)

8 + + - + + - 2 (3.22)

9 - + - + - - 2 (3.22)

10 - - - - + - 2 (3.22)

11 + + - + - - 1 (1.61)

12 + - - + - - 1 (1.61)

13 + - + - + - 1 (1.61)

14 - + + - - - 1 (1.61)

15 - - - - - - 5 (8.06)

Total, No. (%) 44 (70.96) 26 (41.93) 2 (3.22) 12 (19.35) 35 (56.45) 0 62 (100)

antibiotic resistance among MRSA isolates. Among these
patterns, we found that three isolates (4.83% of the total)
exhibited resistance solely to penicillin. Additionally, we
observed that 16.13% of the isolates displayed resistance to
the remaining nine antibiotics, all of whichwereHA-MRSA
isolates (30). Isolate classification plays an important
role in infection control policy to identify and distinguish
between community-acquired and nosocomial-acquired
isolates and their antibiotic resistance patterns. Molecular
typing of MRSA, in addition to identifying the isolate, has
a significant impact on reducing disease prevalence and
saving healthcare costs.

Besides, SCCmec typing revealed that 19.35% of MRSA
isolates were type IV, the lowest type, and 45.16% were
type III, the highest type. Also, CA-MRSA and HA-MRSA
made up 66.7% and 33.3% of MRSA isolates, respectively. In
a study in Iran, the most prevalent SCCmec type among
MRSA isolates was type IV. However, most other Iranian
researchers determined that SCCmec type III was the most
common SCCmec type, which is similar to our findings (31,
32). According to the findings of Bayat et al., MRSA isolates
were found in Karaj teaching hospitals, with 82% carrying
SCCmec type III (33). Furthermore, among MRSA isolates
acquired from various samples in China, SCCmec type III
had the highest frequency (34). Furthermore, in a separate
study conducted by our research team, the prevalence
of SCCmec type III was found to be predominant among

MRSA isolates during the survey (35). In this study, a large
proportion of MRSA isolates were obtained from wound
specimens containing 13 SCCmec type I, 9 SCCmec type III,
and 4 SCCmec type IV.

The results of the statistical analysis showed a
significant relationship between the number of resistant
antibiotics and the SCCmec type of isolates, and the
SCCmec type I and III isolates had more antibiotic
resistance than the SCCmec type IV isolates. The presence
of numerous phages in the form of prophages within
the genomes of S. aureus significantly influences the
biological characteristics of this species. This influence is
primarily observed through thephenomenonof lysogenic
conversion, which leads to alterations in the phenotype
of S. aureus. These alterations are closely associated with
the expression of important virulence factors, including
Panton-Valentine leukocidin, β-hemolysin, exfoliative
toxin A, and staphylokinase (20).

An investigation in 2021 was carried out on a total of
100 isolates of S. aureus. The results revealed that the
prevailing phage types observed were SGF and SGFa, while
other subgroups, such as SGA and SGD, were not detected
(36). However, in our research, we found 7 different
prophage patterns and 5 different prophage types. Dini
et al. reported that 35.7% of isolates were MRSA, and
17 different prophage patterns were detected (22), which
is different from our results. When we investigated the
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relationship between prophage presence in MRSA isolates
and SCCmec typing, we observed that the SGA prophage
was present in all SCCmec type IV isolates. In a recent
study in 2022 in North Cyprus, among 91 MRSA isolates,
the tst gene isolation rate was 2.76% (37). These rates were
almost similar to what has been reported in the USA (2%)
(38); however, in a Chinese study (8.7%) (39) and other
studies from Iran (40), the rates were higher. Among
MRSA isolates, only two isolates contained tst toxin, both
of which were isolated from the wound sample in the
surgical ward of the hospital. Both isolates were SCCmec
type III. The virulence element in all MRSA isolates of the
SGBprophage typewas eta. The absenceof the etbgenewas
observed in all of the isolates examined in this study, and
it was found that five isolates of MRSA did not possess the
toxins.

In a study on samples collected over 6 years published
in 2023, among S. aureus isolates, the rates of eta and etb
genes were 12.4% and 9.6%, respectively, which is different
from the results of this study (41). Certain S. aureus
isolates generate SAK, a fibrin-specific activator of human
plasminogen, which shows MRSA isolates’ SAK protein
levels (42). In clinical samples, we found 70.96% of MRSA
isolates, which is lower than previously published data
from Iran (43). The prevalence rate for hlb-positive MRSA
was 41.93%, according to our findings. These rates were
less than that found in China at 90.3% (39) and the USA at
96% (38). In another study in Iran, all MRSA isolates were
positive for hlb (43).

In a study on the Iranian population by Armin in 2022,
the rate of the hlb gene was reported as 48.2%, which
was lower than the results of our study (44). During
our investigation, we discovered that the pvl gene was
exclusively present inCA-MRSA isolates that testedpositive
for SGA prophage. In research conducted in China in 2021,
a total of 65MRSA isolateswere examined. The study found
that thepositive rateof thepvlgenewas47.7%,with31outof
the65 isolates testingpositive (45). InTabassumetal. study
in 2023, among the pathogenic samples isolated from the
wound, 100% MRSA was identified. They found that the
pathogenic MRSA samples contained 46% of the pvl gene,
which ismore than the present study (19.35%) (46).

Our study revealed a significant correlation between
phage typing results and the presence of virulent genes in
MRSA isolates. Specifically, we observed that the isolates
harboring the SGA prophage were consistently associated
with the PVL toxin, and interestingly, all of these isolates
belonged to SCCmec type IV. Furthermore, the presence
of the virulence factor ETA, which is encoded by the SGB
prophage, was consistently detected in all MRSA isolates
carrying this specific prophage type. In the study of MRSA
isolates, therewere 15 different toxin patterns. The pattern

with the highest rate (19.35%) was pattern 1, which was
characterized by the presence of genes sak and eta. The
expression of hlb, sak, and pvl toxins was associated with
MRSA isolates of the SCCmec subtype. Also, SCCmec type I
MRSA isolates possessed sak and eta toxin genes. Except for
pvl and eta, all of the genes investigated were present in
SCCmec type III isolates. Besides, except for tst and eta, all
of the toxins testedwerepresent in SCCmec type IV isolates.
Only SCCmec type IV bacteria carried the pvl gene.

Concerning the relationship between SCCmec typing
and the presence of prophages in the isolates, only 4
prophages were included in SCCmec types I and III, and 5
prophages were present in SCCmec type IV. Prophage SGA
wasonlypresent in SCCmec type IV,while SGLandSGDwere
notpresent in anyof the isolates. The strainswere found in
all wards of the investigated hospital. It is suggested that
the hospital should be inspected regularly and every year
in terms of infection control, and efforts should be made
to inhibit the dissemination of isolates in different parts
of themedical center.

Our researchwas conductedover 20months in Isfahan
Grand Hospital. If several treatment centers could be
examined simultaneously in a geographical area, more
complete results would be obtained, and we would also
be informed about the clonal spread of strains in this
area. The use of phage typing and molecular techniques
inMRSA clinical isolates allowed a comprehensive analysis
of the genetic multiplicity mechanisms of MRSA isolates.
In this research, MRSA isolates revealed a partial diversity
based on various specimens with different antibiotic
susceptibilitypatterns. BecauseMRSA isolateshavevarious
prophage and virulence factors, they can cause a broad
spectrum of illnesses, indicating that they represent a
substantial threat to patients’ health.

5.1. Conclusions

The results of our research demonstrated a significant
frequency of MRSA colonization in clinical samples,
underscoring the ongoing severity of MRSA as ahealthcare
problem. Proper prescription practices and appropriate
antibiotic utilization in medical centers can play a crucial
role in reducing MRSA colonization rates. The diverse
range of prophage and virulence factors observed inMRSA
isolates indicates their potential to affect a wide variety
of illnesses, posing a significant health risk to patients.
Therefore, infection control procedures and surveillance
programs should be executed to mitigate the spread of
MRSA in healthcare settings. These findings highlight the
importance of a multidisciplinary approach involving
healthcare professionals, infection control teams, and
policymakers to address the challenges posed by MRSA
isolates. Future studies should focus on developing novel
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therapeutic interventions and preventive measures to
combat MRSA colonization and infection effectively.
Overall, this research emphasizes the urgent need
for continued efforts and collaborations to tackle the
persistent threat of MRSA in healthcare settings and
protect patient well-being.

SupplementaryMaterial

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
website and open PDF/HTML].

Acknowledgments

The authors would like to thank everyone who
contributed to our research, andwe appreciate the Islamic
Azad University of Falavarjan for their support.

Footnotes

Authors’ Contribution: Fatemeh Sadat Zarkesh Esfahani
and Fereshteh Ghandehari conceived the study. Bahram
Nasr Esfahani and Keivan Beheshti Maal developed the
theory. Bahram Nasr Esfahani and Keivan Beheshti Maal
verified the laboratory methods. Fereshte Ghandehari
investigated and supervised the findings of this work. All
authors discussed the results and contributed to the final
manuscript.

Conflict of Interests: This paper has been read and
approved by all the authors, and all of them declare no
conflicts of interest.

Ethical Approval: The study was approved by the
Research Ethics Committee (REC) of the Islamic Azad
University of Falavarjan (NUM: IR.IAU.FALA.REC.1398.063).

Funding/Support: This manuscript was a doctoral thesis
and received no grant.

References

1. Stone PW, Larson E, Kawar LN. A systematic audit of economic
evidence linking nosocomial infections and infection control
interventions: 1990-2000. Am J Infect Control. 2002;30(3):145–52.
[PubMed ID: 11988708]. https://doi.org/10.1067/mic.2002.121099.

2. Alp E, Klaassen CH, Doganay M, Altoparlak U, Aydin K, Engin A, et al.
MRSA genotypes in Turkey: Persistence over 10 years of a single clone
of ST239. J Infect. 2009;58(6):433–8. [PubMed ID: 19446883]. https://doi.
org/10.1016/j.jinf.2009.04.006.

3. EnrightMC, Robinson DA, Randle G, Feil EJ, GrundmannH, Spratt BG.
The evolutionary history of methicillin-resistant Staphylococcus
aureus (MRSA). Proc Natl Acad Sci U S A. 2002;99(11):7687–92.
[PubMed ID: 12032344]. [PubMed Central ID: PMC124322].
https://doi.org/10.1073/pnas.122108599.

4. Baig S, Johannesen TB, Overballe-Petersen S, Larsen J, Larsen AR,
Stegger M. Novel SCCmec type XIII (9A) identified in an ST152
methicillin-resistant Staphylococcus aureus. Infect Genet Evol.
2018;61:74–6. [PubMed ID: 29567305].https://doi.org/10.1016/j.meegid.
2018.03.013.

5. Henderson A, Nimmo GR. Control of healthcare- and
community-associated MRSA: recent progress and persisting
challenges. Br Med Bull. 2018;125(1):25–41. [PubMed ID: 29190327].
https://doi.org/10.1093/bmb/ldx046.

6. Jarraud S, Cozon G, Vandenesch F, Bes M, Etienne J, Lina G.
Involvement of enterotoxins G and I in staphylococcal toxic
shock syndrome and staphylococcal scarlet fever. J Clin Microbiol.
1999;37(8):2446–9. [PubMed ID: 10405382]. [PubMed Central ID:
PMC85251]. https://doi.org/10.1128/JCM.37.8.2446-2449.1999.

7. Johnson WM, Tyler SD, Ewan EP, Ashton FE, Pollard DR, Rozee
KR. Detection of genes for enterotoxins, exfoliative toxins, and
toxic shock syndrome toxin 1 in Staphylococcus aureus by the
polymerase chain reaction. J Clin Microbiol. 1991;29(3):426–30.
[PubMed ID: 2037659]. [PubMed Central ID: PMC269793].
https://doi.org/10.1128/jcm.29.3.426-430.1991.

8. Goerke C, Wirtz C, Fluckiger U, Wolz C. Extensive phage dynamics
in Staphylococcus aureus contributes to adaptation to the
human host during infection. Mol Microbiol. 2006;61(6):1673–85.
[PubMed ID: 16968231]. https://doi.org/10.1111/j.1365-2958.2006.05354.
x.

9. Kali A, Stephen S, Sivaraman U, Kumar S, Joseph NM, Srirangaraj
S, et al. Bacteriophage types of methicillin-resistant Staphylococcus
aureus in a tertiary care hospital. Australas Med J. 2013;6(10):496–503.
[PubMed ID: 24223065]. [PubMed Central ID: PMC3821046]. https://
doi.org/10.4066/AMJ.2013.1742.

10. Montesinos I, Salido E, Delgado T, Cuervo M, Sierra A. Epidemiologic
genotyping of methicillin-resistant Staphylococcus aureus by
pulsed-field gel electrophoresis at a university hospital and
comparison with antibiotyping and protein A and coagulase
gene polymorphisms. J Clin Microbiol. 2002;40(6):2119–25.
[PubMed ID: 12037075]. [PubMed Central ID: PMC130756].
https://doi.org/10.1128/JCM.40.6.2119-2125.2002.

11. ForbesBA, SahmDF,WeissfeldAS. 10th, editor.Diagnosticmicrobiology.
Mosby; 2007.

12. Fasihi Y, Kiaei S, Kalantar-Neyestanaki D. Characterization of SCCmec
and spa types of methicillin-resistant Staphylococcus aureus isolates
from health-care and community-acquired infections in Kerman,
Iran. J Epidemiol Glob Health. 2017;7(4):263–7. [PubMed ID: 29110867].
[PubMed Central ID: PMC7384580]. https://doi.org/10.1016/j.jegh.2017.
08.004.

13. Cheng HR, Jiang N. Extremely rapid extraction of DNA from bacteria
and yeasts. Biotechnol Lett. 2006;28(1):55–9. [PubMed ID: 16369876].
https://doi.org/10.1007/s10529-005-4688-z.

14. Du Z, Yang R, Guo Z, Song Y, Wang J. Identification of Staphylococcus
aureus and determination of its methicillin resistance by
matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry. Anal Chem. 2002;74(21):5487–91. [PubMed ID: 12433077].
https://doi.org/10.1021/ac020109k.

15. Lubbers B, Diaz-Campos D, Schwarz S. Performance standards for
antimicrobial disk and dilution susceptibility tests for bacteria
isolated from animals. . Clinical and Laboratory Standards Institute;
2020.

16. McClure JA, Conly JM, Lau V, Elsayed S, Louie T, Hutchins W, et al.
Novel multiplex PCR assay for detection of the staphylococcal
virulence marker Panton-Valentine leukocidin genes and
simultaneous discrimination of methicillin-susceptible from
-resistant staphylococci. J Clin Microbiol. 2006;44(3):1141–4.
[PubMed ID: 16517915]. [PubMed Central ID: PMC1393128].
https://doi.org/10.1128/JCM.44.3.1141-1144.2006.

10 Jundishapur J Microbiol. 2023; 16(10):e139277.

https://jjm.brieflands.com/cdn/dl/9d984e1c-8fb2-11ee-8273-6f4add0cc5b0
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=120829
http://www.ncbi.nlm.nih.gov/pubmed/11988708
https://doi.org/10.1067/mic.2002.121099
http://www.ncbi.nlm.nih.gov/pubmed/19446883
https://doi.org/10.1016/j.jinf.2009.04.006
https://doi.org/10.1016/j.jinf.2009.04.006
http://www.ncbi.nlm.nih.gov/pubmed/12032344
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC124322
https://doi.org/10.1073/pnas.122108599
http://www.ncbi.nlm.nih.gov/pubmed/29567305
https://doi.org/10.1016/j.meegid.2018.03.013
https://doi.org/10.1016/j.meegid.2018.03.013
http://www.ncbi.nlm.nih.gov/pubmed/29190327
https://doi.org/10.1093/bmb/ldx046
http://www.ncbi.nlm.nih.gov/pubmed/10405382
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC85251
https://doi.org/10.1128/JCM.37.8.2446-2449.1999
http://www.ncbi.nlm.nih.gov/pubmed/2037659
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC269793
https://doi.org/10.1128/jcm.29.3.426-430.1991
http://www.ncbi.nlm.nih.gov/pubmed/16968231
https://doi.org/10.1111/j.1365-2958.2006.05354.x
https://doi.org/10.1111/j.1365-2958.2006.05354.x
http://www.ncbi.nlm.nih.gov/pubmed/24223065
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3821046
https://doi.org/10.4066/AMJ.2013.1742
https://doi.org/10.4066/AMJ.2013.1742
http://www.ncbi.nlm.nih.gov/pubmed/12037075
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130756
https://doi.org/10.1128/JCM.40.6.2119-2125.2002
http://www.ncbi.nlm.nih.gov/pubmed/29110867
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7384580
https://doi.org/10.1016/j.jegh.2017.08.004
https://doi.org/10.1016/j.jegh.2017.08.004
http://www.ncbi.nlm.nih.gov/pubmed/16369876
https://doi.org/10.1007/s10529-005-4688-z
http://www.ncbi.nlm.nih.gov/pubmed/12433077
https://doi.org/10.1021/ac020109k
http://www.ncbi.nlm.nih.gov/pubmed/16517915
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1393128
https://doi.org/10.1128/JCM.44.3.1141-1144.2006


Zarkesh Esfahani FS et al.

17. Rahimi F, Bouzari M, Katouli M, Pourshafie MR. Prophage
and antibiotic resistance profiles of methicillin-resistant
Staphylococcus aureus strains in Iran. Arch Virol. 2012;157(9):1807–11.
[PubMed ID: 22684535]. https://doi.org/10.1007/s00705-012-1361-4.

18. Boye K, Bartels MD, Andersen IS, Moller JA, Westh H. A new
multiplex PCR for easy screening of methicillin-resistant
Staphylococcus aureus SCCmec types I-V. Clin Microbiol Infect.
2007;13(7):725–7. [PubMed ID: 17403127]. https://doi.org/10.1111/j.1469-
0691.2007.01720.x.

19. Zhang K, McClure JA, Elsayed S, Louie T, Conly JM. Novel multiplex
PCR assay for characterization and concomitant subtyping
of staphylococcal cassette chromosome mec types I to V in
methicillin-resistant Staphylococcus aureus. J Clin Microbiol.
2005;43(10):5026–33. [PubMed ID: 16207957]. [PubMed Central
ID: PMC1248471]. https://doi.org/10.1128/JCM.43.10.5026-5033.2005.

20. Pantucek R, Doskar J, Ruzickova V, Kasparek P, Oracova E, Kvardova
V, et al. Identification of bacteriophage types and their carriage
in Staphylococcus aureus. Arch Virol. 2004;149(9):1689–703.
[PubMed ID: 15593413]. https://doi.org/10.1007/s00705-004-0335-6.

21. Hashemizadeh Z, Hadi N, Mohebi S, Kalantar-Neyestanaki D,
Bazargani A. Characterization of SCCmec, spa types and Multi Drug
Resistant of methicillin-resistant Staphylococcus aureus isolates
among inpatients and outpatients in a referral hospital in Shiraz,
Iran. BMC Res Notes. 2019;12(1):614. [PubMed ID: 31547848]. [PubMed
Central ID: PMC6757424]. https://doi.org/10.1186/s13104-019-4627-z.

22. Dini M, Shokoohizadeh L, Jalilian FA, Moradi A, Arabestani MR.
Genotyping and characterization of prophage patterns in clinical
isolates of Staphylococcus aureus. BMC Res Notes. 2019;12(1):669.
[PubMed ID: 31639052]. [PubMed Central ID: PMC6805666]. https://
doi.org/10.1186/s13104-019-4711-4.

23. Qodrati M, SeyedAlinaghi S, Dehghan Manshadi SA, Abdollahi A,
Dadras O. Antimicrobial susceptibility testing of Staphylococcus
aureus isolates from patients at a tertiary hospital in Tehran,
Iran, 2018-2019. Eur J Med Res. 2022;27(1):152. [PubMed ID: 35978369].
[PubMedCentral ID:PMC9382727].https://doi.org/10.1186/s40001-022-
00778-w.

24. Khosravi AD, Hoveizavi H, Farshadzadeh Z. The prevalence of genes
encoding leukocidins in Staphylococcus aureus strains resistant and
sensitive to methicillin isolated from burn patients in Taleghani
Hospital, Ahvaz, Iran. Burns. 2012;38(2):247–51. [PubMed ID: 21924558].
https://doi.org/10.1016/j.burns.2011.08.002.

25. Havaei SA,HalajiM,Vidovic S, R.Dillon J, KarbalaeiM,Ghanbari F, et al.
Prevalence and genotyping of methicillin-resistant and - susceptible
Staphylococcus aureus strains isolated from patients in a university
hospital, Isfahan, Iran. Jundishapur J Microbiol. 2017;10(5). https://doi.
org/10.5812/jjm.13571.

26. KarimiM, Esfahani BN,HalajiM,Mobasherizadeh S, ShahinM,Havaei
SR, et al. Molecular characteristics and antibiotic resistance pattern
of Staphylococcus aureus nasal carriage in tertiary care hospitals of
Isfahan, Iran. Infez Med. 2017;25(3):234–40. [PubMed ID: 28956540].

27. Bijari A, Hallaj Zade M, Hatami S, Kalantar E, Noori Sepehr M, Kabir K,
et al. High frequency of methicillin-resistant staphylococcus aureus
in intensive care unit in Karaj, Iran. Arch Clin Infect Dis. 2018;13(5).
https://doi.org/10.5812/archcid.61917.

28. Hesari Y, Sohrabi N, Abiri R, Babaei S, Amiri Z. Staphylococcal cassette
chromosome mec typing of meticillin-resistant staphylococcus
aureus in Kermanshah province, West of Iran. Jundishapur J Microbiol.
2020;13(3). https://doi.org/10.5812/jjm.98852.

29. Amohammadshirazi F, rezaei Z, Barzi SM, Bahreini Moghaddam
N, Badmasti F, shafiei M. The prevalence of vanA gene in
Methicillin-resistant Staphylococcus Aureus (MRSA) isolated from
patients with bedsores. Biol J Microorganism. 2023;12(46):69–79.
Persian. https://doi.org/10.22108/bjm.2022.134409.1479.

30. Stranden A, Frei R, Widmer AF. Molecular typing of
methicillin-resistant Staphylococcus aureus: can PCR replace
pulsed-field gel electrophoresis? J Clin Microbiol. 2003;41(7):3181–6.

[PubMed ID: 12843061]. [PubMed Central ID: PMC165370].
https://doi.org/10.1128/JCM.41.7.3181-3186.2003.

31. Abiri P, Akhavan sepahi A, GoudarziM.Molecular analysis and typing
of methicillin resistance Staphylococcus aureus strains isolated
from hospitalized patients. Pejouhesh dar Pezeshki. 2018;42(3):167–75.
Persian.

32. Ahmadi E, Khojasteh M, Mortazavi SM, Khan-Mohammadi F,
Kazemnia A, Beheshtipour J, et al. Prevalence of and risk factors
for methicillin-resistant Staphylococcus aureus nasal carriage in
the West of Iran: a population-based cross-sectional study. BMC
Infect Dis. 2019;19(1):899. [PubMed ID: 31660878]. [PubMed Central ID:
PMC6819401]. https://doi.org/10.1186/s12879-019-4567-1.

33. Bayat B, Zade MH, Mansouri S, Kalantar E, Kabir K, Zahmatkesh E, et
al. High frequency of methicillin-resistant Staphylococcus aureus
(MRSA) with SCCmec type III and spa type t030 in Karaj’s teaching
hospitals, Iran. Acta Microbiol Immunol Hung. 2017;64(3):331–41.
[PubMed ID: 28836817]. https://doi.org/10.1556/030.64.2017.020.

34. Parthasarathy AK, R DB, Chougale RA. Prevalence of methicillin
resistant Staphylococcus aureus and its associated sccmec types
among healthcare workers and patient visitors from western
Maharashtra, India. J Pure Appl Microbiol. 2022;16(2):834–40.
https://doi.org/10.22207/jpam.16.2.01.

35. Zarkesh Esfahani FS, Ghandehari F, Nasr Esfahani B, Beheshti-Maal
K. Molecular typing and investigation of virulence factors of
methicillin-resistant Staphylococcus aureus strains isolated from
patients hospitalized in an Isfahan teaching hospital. Microb
Metabolite Biotechnol. 2022;5(1):33–41.

36. Arabestani MR, Kamarehei F, Dini M, Aziz Jalilian F, Moradi A,
Shokoohizadeh L. Characterization of Staphylococcus aureus
isolates from pastry samples by rep-PCR and phage typing. Iran J
Microbiol. 2022;14(1):76–83. [PubMed ID: 35664714]. [PubMed Central
ID: PMC9085548]. https://doi.org/10.18502/ijm.v14i1.8806.

37. Potindji TMF, Momani OAA, Omowumi BB, Baddal B. Screening of
toxin genes in methicillin-resistant Staphylococcus aureus clinical
isolates from a hospital setting in a tertiary hospital in northern
Cyprus. Pol J Microbiol. 2022;71(4):491–7. [PubMed ID: 36368015].
[PubMed Central ID: PMC9944970]. https://doi.org/10.33073/pjm-
2022-042.

38. Nelson MU, Bizzarro MJ, Baltimore RS, Dembry LM, Gallagher PG.
Clinical and molecular epidemiology of methicillin-resistant
Staphylococcus aureus in a neonatal intensive care unit in
the decade following implementation of an active detection
and isolation program. J Clin Microbiol. 2015;53(8):2492–501.
[PubMed ID: 26019206]. [PubMed Central ID: PMC4508396].
https://doi.org/10.1128/JCM.00470-15.

39. Xie X, Bao Y, Ouyang N, Dai X, Pan K, Chen B, et al. Molecular
epidemiology and characteristic of virulence gene of
community-acquired and hospital-acquired methicillin-resistant
Staphylococcus aureus isolates in Sun Yat-sen Memorial hospital,
Guangzhou, Southern China. BMC Infect Dis. 2016;16:339.
[PubMed ID: 27450316]. [PubMed Central ID: PMC4957337].
https://doi.org/10.1186/s12879-016-1684-y.

40. Goudarzi M, Eslami G, Rezaee R, Heidary M, Khoshnood S, Sajadi
Nia R. Clonal dissemination of Staphylococcus aureus isolates
causing nosocomial infections, Tehran, Iran. Iran J Basic Med Sci.
2019;22(3):238–45. [PubMed ID: 31156782]. [PubMed Central ID:
PMC6528716]. https://doi.org/10.22038/ijbms.2018.30067.7245.

41. Liu J, Huang T, Soteyome T, Miao J, Yu G, Chen D, et al.
Antimicrobial resistance, SCCmec, virulence and genotypes
of MRSA in Southern China for 7 years: Filling the Gap
of molecular epidemiology. Antibiotics (Basel). 2023;12(2).
[PubMed ID: 36830279]. [PubMed Central ID: PMC9952273].
https://doi.org/10.3390/antibiotics12020368.

42. Hoseini Alfatemi SM, Motamedifar M, Hadi N, Sedigh Ebrahim
Saraie H. Analysis of virulence genes among methicillin resistant

Jundishapur J Microbiol. 2023; 16(10):e139277. 11

http://www.ncbi.nlm.nih.gov/pubmed/22684535
https://doi.org/10.1007/s00705-012-1361-4
http://www.ncbi.nlm.nih.gov/pubmed/17403127
https://doi.org/10.1111/j.1469-0691.2007.01720.x
https://doi.org/10.1111/j.1469-0691.2007.01720.x
http://www.ncbi.nlm.nih.gov/pubmed/16207957
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1248471
https://doi.org/10.1128/JCM.43.10.5026-5033.2005
http://www.ncbi.nlm.nih.gov/pubmed/15593413
https://doi.org/10.1007/s00705-004-0335-6
http://www.ncbi.nlm.nih.gov/pubmed/31547848
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6757424
https://doi.org/10.1186/s13104-019-4627-z
http://www.ncbi.nlm.nih.gov/pubmed/31639052
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6805666
https://doi.org/10.1186/s13104-019-4711-4
https://doi.org/10.1186/s13104-019-4711-4
http://www.ncbi.nlm.nih.gov/pubmed/35978369
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9382727
https://doi.org/10.1186/s40001-022-00778-w
https://doi.org/10.1186/s40001-022-00778-w
http://www.ncbi.nlm.nih.gov/pubmed/21924558
https://doi.org/10.1016/j.burns.2011.08.002
https://doi.org/10.5812/jjm.13571
https://doi.org/10.5812/jjm.13571
http://www.ncbi.nlm.nih.gov/pubmed/28956540
https://doi.org/10.5812/archcid.61917
https://doi.org/10.5812/jjm.98852
https://doi.org/10.22108/bjm.2022.134409.1479
http://www.ncbi.nlm.nih.gov/pubmed/12843061
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC165370
https://doi.org/10.1128/JCM.41.7.3181-3186.2003
http://www.ncbi.nlm.nih.gov/pubmed/31660878
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6819401
https://doi.org/10.1186/s12879-019-4567-1
http://www.ncbi.nlm.nih.gov/pubmed/28836817
https://doi.org/10.1556/030.64.2017.020
https://doi.org/10.22207/jpam.16.2.01
http://www.ncbi.nlm.nih.gov/pubmed/35664714
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9085548
https://doi.org/10.18502/ijm.v14i1.8806
http://www.ncbi.nlm.nih.gov/pubmed/36368015
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9944970
https://doi.org/10.33073/pjm-2022-042
https://doi.org/10.33073/pjm-2022-042
http://www.ncbi.nlm.nih.gov/pubmed/26019206
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4508396
https://doi.org/10.1128/JCM.00470-15
http://www.ncbi.nlm.nih.gov/pubmed/27450316
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4957337
https://doi.org/10.1186/s12879-016-1684-y
http://www.ncbi.nlm.nih.gov/pubmed/31156782
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6528716
https://doi.org/10.22038/ijbms.2018.30067.7245
http://www.ncbi.nlm.nih.gov/pubmed/36830279
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9952273
https://doi.org/10.3390/antibiotics12020368


Zarkesh Esfahani FS et al.

Staphylococcus aureus (MRSA) strains. Jundishapur J Microbiol.
2014;7(6). e10741. [PubMed ID: 25371805]. [PubMed Central ID:
PMC4217665]. https://doi.org/10.5812/jjm.10741.

43. Rahimi F, ShokoohizadehL. Characterizationof virulence factors and
prophage profiles of methicillin-resistant Staphylococcus aureus
strains isolated froma referral hospital in Tehran, Iran.Arch Clin Infect
Dis. 2018;13(5). https://doi.org/10.5812/archcid.59385.

44. Armin S, Karimi A, Pourmoghaddas Z, Azimi L, Fallah F, Tahbaz SV.
Evaluation of methicillin-resistant Staphylococcus virulence genes
and antibiotics susceptibility in Iranian population. J Res Med Sci.
2022;27:36. [PubMed ID: 35968212]. [PubMed Central ID: PMC9374147].

https://doi.org/10.4103/jrms.JRMS 543 19.
45. Bai Z, Chen M, Lin Q, Ye Y, Fan H, Wen K, et al. Identification

of methicillin-resistant Staphylococcus aureus from
methicillin-sensitive Staphylococcus aureus and molecular
characterization in Quanzhou, China. Front Cell Dev Biol.
2021;9:629681. [PubMed ID: 33553185]. [PubMed Central ID:
PMC7858276]. https://doi.org/10.3389/fcell.2021.629681.

46. Tabassum H, Gull M, Rasheed A, Bano A, Ejaz H, Javed N. Molecular
analysis of Panton-Valentine Leucocidin (pvl) gene amongMRSA and
MSSA isolates. Braz J Biol. 2023;83. e250351. [PubMed ID: 36753148].
https://doi.org/10.1590/1519-6984.250351.

12 Jundishapur J Microbiol. 2023; 16(10):e139277.

http://www.ncbi.nlm.nih.gov/pubmed/25371805
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4217665
https://doi.org/10.5812/jjm.10741
https://doi.org/10.5812/archcid.59385
http://www.ncbi.nlm.nih.gov/pubmed/35968212
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9374147
https://doi.org/10.4103/jrms.JRMS_543_19
http://www.ncbi.nlm.nih.gov/pubmed/33553185
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7858276
https://doi.org/10.3389/fcell.2021.629681
http://www.ncbi.nlm.nih.gov/pubmed/36753148
https://doi.org/10.1590/1519-6984.250351

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Isolation of Staphylococcus aureus and Phenotypic Confirmation of Isolates
	3.2. Molecular Confirmation of Staphylococcus aureus Isolates
	3.3. Identification of Methicillin-resistant Staphylococcus aureus Isolates
	3.4. Examining Antibiotic Sensitivity Patterns
	3.5. Detection of SCCmec and ccr Typing with Multiplex Polymerase Chain Reaction
	3.6. Prophage Typing 
	3.7. Investigating the Presence of Important Toxins of Methicillin-resistant Staphylococcus aureus
	3.8. Evaluation of Polymerase Chain Reaction Products
	3.9. Statistical Analysis

	4. Results
	4.1. Staphylococcus aureus Isolates Phenotypic and Molecular Confirmation 
	4.2. Identification of Methicillin-resistant Staphylococcus aureus Isolates
	Figure 1
	Table 1

	4.3. Patterns of Antibiotic-resistant Methicillin-resistant Staphylococcus aureus Isolates
	Table 2

	4.4. Characterization of Methicillin-resistant Staphylococcus aureus Isolates by SCCmec and ccr Typing
	Table 3

	4.5. Prophage Typing
	Table 4
	Figure 2

	4.6. Identification of Toxin Genes in Methicillin-resistant Staphylococcus aureus Isolates
	Figure 3
	Table 5


	5. Discussion
	5.1. Conclusions

	Supplementary Material
	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

