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ABSTRACT 
 

Staphylococcus aureus is an opportunistic pathogen that provides conditions for host 

invasion due to various virulence factors and plays a role in causing various infections. 

The pathogenicity of these bacteria may vary depending on the host's susceptibility. This 

study investigates the sensitivity of S. aureus strains isolated from clinical samples to 

methicillin and vancomycin, and it evaluates the presence of resistance, virulence and 

toxin-producing genes, and their expression level in the methicillin-resistant S. aureus 

(MRSA), vancomycin-resistant S. aureus (VRSA), and vancomycin-intermediate S. 

aureus (VISA) isolates. A cross-sectional study was conducted, encompassing 502 S. 

aureus isolates obtained from diverse infections over the course of a year. The methicillin 

and vancomycin sensitivities of the isolates were ascertained by disk diffusion and 

microdilution broth methods, respectively. The presence of genes associated with 

resistance, adhesion, and toxin production was subsequently investigated through the 

implementation of multiplex polymerase chain reaction (PCR) methodology. The 

expression levels of virulence and resistance genes were detected in resistant and sensitive 

isolates using real-time quantitative PCR (qPCR). Among the 502 S. aureus isolates, 168 

(33.6%) were identified as MRSA. Furthermore, a total of six isolates (1.2%) were 

identified as VRSA, and two isolates (0.4%) were identified as VISA. The distribution of 

virulence and resistance-related genes varied among the isolates. The results of the gene 

expression study demonstrated that the expression levels of the majority of the studied 

genes were significantly higher in resistant isolates (MRSA and VRSA) compared to 

sensitive isolates. It is imperative to acknowledge that VRSA and MRSA are regarded as 

grave hazards to human health. The present study underscores the necessity for enhanced 

sanitary measures to more effectively control this hospital pathogen, particularly in light of 

the presence and expression of genes encoding virulence factors in S. aureus isolates. 
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1. Introduction 
Staphylococcus aureus (S. aureus) is a type of Gram-
positive bacteria that is naturally present in various parts of 
the human body. Its primary ecological niche in humans is 
the external areas of the nasal cavities. However, under 
certain conditions, such as periods of stress, viral infections, 
tissue damage, or any factor that weakens the immune 
system, this bacterium can lead to a wide range of 
infections. These infections can manifest as diverse clinical 
presentations, ranging from cutaneous manifestations such 
as pustules, boils, and abscesses to more severe conditions 
including osteomyelitis, endocarditis, toxic shock 
syndrome, and septicemia (1). The escalating resistance of 
S. aureus to antibacterial medications constitutes a pivotal 
concern among health experts. In the face of emergent 
resistant strains, the development of new antibiotics has 
proven ineffective in addressing the challenges posed by 
these infections (2). Methicillin, a penicillinase-resistant 
penicillin, was introduced in 1960. A year after its 
introduction, the first case of methicillin-resistant S. aureus 
(MRSA) was reported. Subsequent to this, MRSA has 
proliferated rapidly on a global scale, with a 2003 report by 
the Clinical and Laboratory Standards Institute (CLSI) 
indicating a global prevalence of 64.4% (3). Vancomycin, a 
glycopeptide, has been a mainstay of treatment against 
MRSA infections for the past three decades due to its 
ability to disrupt the construction of the cell wall of Gram-
positive bacteria. However, the emergence of vancomycin-
intermediate S. aureus (VISA) and vancomycin-resistant S. 
aureus (VRSA) has led to global concern about the 
treatment of staphylococcal infections (4). The 
identification of vancomycin-resistant strains, the 
determination of virulence factors, and the study of the 
spread of these species are of great importance in 
determining the epidemiology and control of infections 
caused by these bacteria (6). This study investigates the 
sensitivity of S. aureus strains isolated from clinical samples 
to methicillin and vancomycin. It also evaluates the 
presence of resistance, virulence, and toxin-producing 
genes, as well as their expression level, in MRSA, VRSA, 
and VISA isolates. 
 
2. Materials and Methods 
2.1. Bacterial Isolates 
This cross-sectional study was conducted on 502 S. aureus 
isolates from various clinical samples, including discharges, 
trachea, bronchi, wounds, blood, and catheters. The isolates 
were obtained from the microbiology laboratories of five 
hospitals (Loghman Hakim, Milad, Jam, Khatam, and 
Ebnesina) in Tehran, Iran, during the period from 2019 to 
2020. The isolates were confirmed as S. aureus using 
standard phenotypic tests that had been previously 
described. 
2.2. Antimicrobial Susceptibility Testing 
The Kirby-Bauer disk diffusion method was employed to 
evaluate all S. aureus isolates for MRSA strains on Mueller 
Hinton agar medium (Merck, Germany) and 30 μg 

cefoxitin disks (Padtan Teb, Iran). This method was 
selected in accordance with the CLSI recommended 
standard for methicillin resistance (7). Additionally, the 
vancomycin minimum inhibitory concentration (MIC) was 
measured for all isolates using the broth microdilution 
method according to the CLSI recommendation. According 
to the CLSI standard, the MIC breakpoint for detecting 
vancomycin-intermediate strains is a concentration between 
4-8 μg/ml, and for detecting vancomycin-resistant strains, it 
is greater than or equal to 16 μg/ml. S. aureus ATCC 29213 
and S. aureus ATCC 33592 were utilized as a negative and 
positive control for methicillin sensitivity, respectively. E. 
faecalis strain ATCC 51299 was utilized as a vancomycin-
resistant strain for the purpose of quality control 
investigation. 
2.3. Detecting the Resistance, Adhesion, and Toxin-
Producing Genes 
The extraction of deoxyribonucleic acid (DNA) was carried 
out using the SinaPure EX6021 extraction and purification 
kit (SinaClon, Tehran, Iran). All MRSA, VRSA, and VISA 
isolates were screened by PCR for the S. aureus 16s rRNA 
and mecA genes. The PCR reaction mixture contained 25 
µL of the final solution, composed of 1 µL of template 
DNA (50 ng/ml), 1 µL of each primer (Table 1) with a 
concentration of 25 pM, and 12.5 µL of master mix 2x 
(Ampliqon, Germany). Deionized distilled water was used 
to dilute the solution to the desired volume. The multiplex 
PCR method was employed in three sets to verify the 
presence of adhesion genes (icaA, icaB, icaC, icaD, fnbA, 
fnbB, clfA, and clfB), toxin-producing genes (tsst1, pvl, 
hla, and sec), and vancomycin resistance genes (vanA, 
vanB, vanC1-3). In order to accomplish this objective, 12 
µL of 2X PCR Master Mix, 4 µL of template DNA, and 1 
µL of each primer pair (Table 1) were meticulously 
combined in a DNase-free microtube with a capacity of 0.2 
ml. The total volume of the mixture was then adjusted to 25 
µL using RNase-free distilled water. The amplification of 
the DNA template was subsequently conducted using a 
Master cycler Eppendorf (Eppendorf, Germany) under the 
following conditions: an initial denaturation step for 10 
minutes at 94°C; followed by 35 cycles at 94°C for 45 
seconds, at specific annealing temperatures for 45 seconds, 
then at 72°C for 45 seconds; a final extension step for 5 
minutes at 72°C; and then maintenance at 4°C. 
Subsequently, the microtubes were placed in a 
thermocycler, and the reaction was carried out with a 
specified temperature program. The strains S. aureus 
ATCC 25923, S. aureus ATCC 29213, S. aureus ATCC 
33591, and S. epidermidis ATCC 35556 were utilized as 
positive controls, while distilled water was employed as the 
negative control. 
2.4. Gene Expression Analysis by Real-Time Reverse 
Transcription (RT)-PCR 
Real-time RT-PCR was performed on all isolates. The 
expressions of genes encoding resistance, adhesion, and 
toxin factors were determined by real-time RT-PCR using 
the primers detailed in Table 1. First, total RNA was  
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extracted using an EX6101-RNX Plus Solution for total 
RNA isolation kit (SinaClon, Tehran, Iran). Then, 
according to the manufacturer's instructions, cDNA was 
synthesized using a SinaClon First Strand cDNA Synthesis 
Kit (SinaClon, Tehran, Iran). The reaction was performed 
in a StepOne™ Real-Time PCR System (Applied 
Biosystems, USA). The sequences of the primers utilized 
are delineated in Table 1. The 16S rRNA gene was utilized  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
as the reference gene. The real-time qPCR was performed 
in a volume of 10 µL, including 5 µL of SinaGreen HS-
qPCR Mix, 2X with low Rox, 0.35 µL of each primer, 1 
µL of synthesized cDNA, and 3.3 µL of deionized, 
diethylpyrocarbonate (DEPC) water. The expression level 
of genes in MRSA isolates was then compared to that of 
methicillin-susceptible S. aureus (MSSA) isolates. 
 

Reactions Genes Primer sequences 
Annealing 

Temp 

PCR product size 

(bp) 
References 

Single reaction 16S rRNA 
5′-GGGACCCGCACAAGCGGTGG-3′ 

60 191 (8) 
5′-GGGTTGCGCTCGTTGCGGGA-3′ 

Single reaction mecA 
5′-GTAGAAATGACTGAACGTCCGATGA-3′ 

55 310 (9) 
5′-CCAATTCCACATTGTTTCGGTCTAA-3′ 

Multiple reaction Set1 

icaA 
5′-GAGGTAAAGCCAACGCACTC-3′ 

60 151 

 

(10) 

5′-CCTGTAACCGCACCAAGTTT-3′ 

icaB 
5-ATACCGGCGACTGGGTTTAT-3′ 

60 140 
5-TTGCAAATCGTGGGTATGTGT-3′ 

icaC 
5′-CTTGGGTATTTGCACGCATT-3′ 

60 209 
5′-GCAATATCATGCCGACACCT-3′ 

icaD 
5′-ACCCAACGCTAAAATCATCG-3′ 

60 211 
5′-GCGAAAATGCCCATAGTTTC-3′ 

fnbA 
5′-AAATTGGGAGCAGCATCAGT-3′ 

60 121 
5′-GCAGCTGAATTCCCATTTTC-3′ 

fnbB 
5′-AAATTGGGAGCAGCATCAGT-3′ 

60 197 
5′-GCAGCTGAATTCCCATTTTC-3′ 

clfA 
5′-ACCCAGGTTCAGATTCTGGCAGCG-3′ 

60 165 
5′-TCGCTGAGTCGGAATCGCTTGCT-3′ 

clfB 
5′-AACTCCAGGGCCGCCGGTTG-3′ 

60 159 
5′-CCTGAGTCGCTGTCTGAGCCTGAG-3′ 

Multiple reaction 

Set2 

tsst-1 
5′-TTATCGTAAGCCCTTTGTTG-3′ 

60 398 

(11) 

5′-TAAAGGTAGTTCTATTGGAGTAGG-3′ 

pvl 
5′-GGAAACATTTATTCTGGCTATAC-3′ 

60 502 
5′-CTGGATTGAAGTTACCTCTGG-3′ 

hla 
5′-CGGTACTACAGATATTGGAAGC-3′ 

60 744 
5′-TGGTAATCATCACGAACTCG-3′ 

sec 
5′-GGGAATGTTGGATGAAGG-3′ 

60 900 
5′-AGGCAAGCACCGAAGTAC-3′ 

Multiple reaction 

Set3 

vanA 
5′-GTACAATGCGGCCGTTA-3′ 

54 732 (12) 
5′-GGGAAAACGACAATTGC-3′ 

vanB 
5′-CCGACAATCAAATCATCCTC-3′ 

54 536 (13) 
5′-AAGCTATDCAAGAAGCCATG-3′ 

vanC1 
5′-ATCGCATCACAAGGACCAATC-3′ 

54 796 

(14) 

5′-GAAAGACAACAGGAAGACCGC-3′ 

vanC2 
5′-CGCAGGGACGGTGATTTT-3′ 

54 484 
5′-CGGGGAAGATGGCAGTAT-3′ 

vanC3 
5′-GCTTGTTCTTTGACCTTA-3′ 

54 224 
5′-GCCTTTACTTATTGTTCC-3′ 

 

Table 1. Primer sequences and annealing temperature of investigated genes using multiplex and qPCR. 
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2.5. Statistical Analysis 
Data were analyzed using SPSS version 19 software, and 
one-way ANOVA was applied to analyze variance 
between groups. An error rate of less than 0.05 was 
considered in this study. 

 
3. Results 
3.1. Bacterial Isolates Results 
In this study, 502 S. aureus isolates were obtained from 
various clinical specimens and subjected to microscopic 
and macroscopic examination. The majority of the samples 
were obtained from Lughman Hakim Hospital (198 
isolates), followed by Milad (122 isolates), Ebnesina (78 
isolates), Khatam (58 isolates), and Jam (46 isolates). The 
most prevalent clinical samples were wound and bone 
aspiration samples, with a total of 260 samples, while the 
least prevalent clinical samples were bone marrow 
aspirates, with a total of only 2 samples. 
3.2. Antimicrobial Susceptibility Testing Results 
The cefoxitin disk diffusion test of the 502 S. aureus 
isolates yielded results indicating that 168 isolates (33.46%) 
were MRSA. In the vancomycin broth microdilution test, 
two isolates (0.39%) were identified as VISA, six isolates 
(1.19%) as VRSA, and the remaining isolates (98%) were 
identified as sensitive strains. The highest percentage of  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MRSA compared to the number of isolates was observed at 
Milad Hospital (36.88%), while the lowest resistance rate 
was recorded at Khatam Hospital (25.86%). Furthermore, 
Ebnesina Hospital exhibited the highest percentage of 
VRSA (3/6; 50%) and VISA (1/2; 50%). 
3.3 The Results of Detecting the Resistance, Adhesion, 
and Toxin-Producing Genes 
All of the MRSA, VRSA, and VISA isolates were found to 
harbor the S. aureus 16srRNA gene. Among the 168 
MRSA isolates, the mecA gene was absent in only two 
isolates (1.19%), one of which was VRSA. The remaining 
VRSA and VISA isolates were found to possess the mecA 
gene. The presence of the van genes was investigated in 6 
VRSA and 2 VISA isolates. The results indicated the 
presence of van B, van C1, and van C3 genes in three 
(37.5%), three (37.5%), and one (12.5%) isolates, 
respectively. The investigation did not reveal the presence 
of other van genes. A total of 168 isolates were examined 
for the presence of adhesion (Figure 1a) and toxin (Figure 
1b) genes, and the results are documented in Table 2. The 
adhesion genes demonstrated a predominance of icaD (148; 
85.54%) and fnbB (105; 60.69%), while the toxin-
producing genes exhibited a high frequency of hla (167; 
96.53%). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Studied Genes Total MRSA* VRSA** VISA*** 

Adhesion Genes 

icaA 40 (23.12) 16(9.52) 5(83.33) 1(50) 

icaB 28(16.18) 8(4.76) 4(66.66) 1(50) 

icaC 69(39.88) 55(32.73) 4(66.66) 1(50) 

icaD 148(85.54) 117 (69.64) 6(100) 2(100) 

fnbA 20(11.56) 12(7.14) 2(33.33) 2(100) 

fnbB 105(60.69) 92(54.76) 4(66.66) 1(50) 

clf A 33(19.07) 28(16.66) 1(16.16) 1(50) 

clf B 40(23.12) 21(12.5) 4(66.66) 1(50) 

Toxin-producing genes 

tsst1 37(21.38) 29(17.26) 2(33.33) 1(50) 

pvl 29(16.76) 28(16.66) 1(16.66) 1(50) 

hla 167(96.53) 159(94.46) 6(100) 2(100) 

sec 18(10.4) 16(9.46) 1(16.6) 1(50) 

 

Table 2. Frequency of study sequence in Staphylococcus aureus isolates. 

 

Figure 1. Electrophoresis image related to adhesion 

genes(a) and toxin-producing genes(b). 
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3.4. Gene expression analysis results 
The expression levels of the genes in question were found 
to be significantly elevated in MRSA, VRSA, and VISA 
isolates in comparison to the reference gene. Statistical  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

analysis was performed by utilizing Excel software with the 
Livak formula and Anova software based on the analysis of 
variance (Figures 2 and 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. The expression level of all studied genes in MRSA isolates based on age group(a) and isolation sites(d). The percentage of MRSA 

isolates in relation to age group(b) and isolation sites(c). 

 

Figure 3. The expression level of all studied genes in VRSA isolates according to age group(a) and isolation site(d). Percentage of 

VRSA isolates according to age group (b) and location site (c). 
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4. Discussion 
In recent decades, there has been a marked increase in the 
utilization of vancomycin, attributable to the rising 
prevalence of methicillin-resistant Staphylococcus aureus 
(MRSA) infections (13). The present study documented 
168 MRSA isolates (33.46%), a percentage that is relatively 
high. Given the preponderance of this antibiotic in clinical 
practice, the emergence of antibiotic resistance and the 
pursuit of strategies to enhance its effectiveness are of 
paramount importance in the present context. The rationale 
for this emphasis is twofold: first, the widespread presence 
of the novel coronavirus and the subsequent disease known 
as "covid-19" have led to an increase in hospital-acquired 
infections (HAIs) caused by pathogens such as S. aureus 
and Acinetobacter baumannii, which can result in fatal 
outcomes, particularly in hospitalized patients with 
compromised immune systems. The findings of the Al 
Bshabshe et al. study (14) demonstrated a longitudinal 
increase in the prevalence of MRSA strains. Concurrent 
findings from other studies, which align with the present 
study's observations, underscore the global dissemination of 
MRSA strains (15,16). The present study demonstrates a 
lower frequency of MRSA strains in comparison to that 
observed in analogous studies (10-12). The variation in the 
prevalence of this strain and its methicillin resistance levels 
can be attributed to various factors. These include the 
hospital or sampling center, the type of clinical sample, the 
timing of sampling, and the test method employed (17). A 
range of mechanisms have been identified that underpin the 
resistance of staphylococci to methicillin. One such 
mechanism involves the acquisition of a novel binding 
protein to methicillin (PBP2a), which concomitantly 
reduces the antibiotic's affinity for bacteria. This form of 
resistance is associated with the mecA gene, which is 
carried by a region of bacterial DNA known as SCCmec 
(18).The mecA gene was detected in 166 of 168 MRSA 
isolates. However, in two MRSA isolates, the mecA gene 
was not detected, suggesting the potential involvement of 
other mec gene types or factors in causing resistance. The 
present study set out to ascertain the level of vancomycin 
resistance, and the results showed that, fortunately, the level 
of resistance to this drug in the isolates was low. A 
comprehensive investigation involving 502 isolates 
revealed that 8 isolates (1.59%) were identified as resistant 
to vancomycin or exhibiting intermediate vancomycin 
resistance through the broth microdilution method. In 
contrast, a report by Huang et al. (19) revealed that among 
678 isolates, 13 exhibited intermediate resistance, with no 
instances of vancomycin resistance identified. A meta-
analysis review of the data recorded in scientific sources 
from 1997 to 2019 was conducted by Shariati et al. 
According to the studies registered in the databases, 1.5% 
of the 5,855 studied strains had the VRSA phenotype. The 
rate of VISA phenotype among the 22,277 studied isolates 
was reported as 1.7%. Furthermore, among the 47,721 
investigated isolates, 4.6% exhibited the heterogeneous 
VISA (hVISA) phenotype. The present study found that the 

highest frequency of VRSA and hVISA was reported in the 
United States, with 3.6% and 5.2%, respectively, while the 
highest frequency of VISA was 2.1% in Asia. The study's 
findings underscore the necessity for preventive measures 
to control vancomycin resistance in these countries. While 
the frequency of vancomycin-resistant isolates in our study 
was relatively low, the presence of strains showing 
intermediate resistance opens up intriguing possibilities for 
future research.The present study investigated the 
frequency of virulence genes, including adhesion and toxin-
producing genes, and the expression level of these genes in 
methicillin and vancomycin-resistant strains compared to 
sensitive strains. The results of the study on adhesion genes 
demonstrated that all the genes under investigation were 
present in S. aureus isolates, albeit with varying 
frequencies. The most prevalent genes were icaD and fnbB, 
with frequencies of 85.54% and 60.69%, respectively, 
while fnbA and icaB had the lowest frequencies of 11.56% 
and 16.18%, respectively. A statistically significant 
difference (P > 0.05) in the expression levels of all 
adhesion-related genes (clfA, clfB, fnbA, fnbB, icaA, icaB, 
icaC, icaD) was observed between methicillin-resistant and 
methicillin-sensitive isolates. Mollaei and Reshki (21) 
conducted a study on 100 S. aureus isolates obtained from 
patients hospitalized in Zabul. The objective of their study 
was to examine the presence of adhesion-related genes. The 
results of this study indicated that 50% of the isolates 
examined possessed at least one of the studied genes. An 
examination of the frequency of toxin-producing genes, 
including HLA, Pvl, Sec, and Tsst-1, revealed the 
following frequencies: 96.53%, 16.76%, 10.40%, and 
21.38%, respectively. In a study by Fathali et al. (10), 95 
out of 200 Staphylococcus aureus isolates were found to be 
resistant to methicillin. The frequency of hla, pvl, sec, and 
tsst-1 genes in these resistant isolates was 93.68%, 4.21%, 
3.16%, and 60%, respectively. The present study's findings 
on the HLA gene are consistent with those of the 
aforementioned study, both indicating a frequency of nearly 
95%. Furthermore, the frequency of the aforementioned 
genes was analyzed in relation to the age and location of the 
isolation. The present study found that MRSA was most 
prevalent among samples isolated from catheters. 
Conversely, the lowest rate was observed in samples 
derived from esophageal and skin infections. No resistance 
was observed in the samples isolated from bone infections. 
Conversely, Nourbakhsh et al. (22) reported a maximum 
percentage of MRSA related to wound and catheter 
infection of 3.6%. Conversely, the results demonstrated an 
escalating trend in the percentage of resistance among older 
age groups, a finding that aligns with the present study. 
With respect to the expression of toxin-producing genes 
and adherence to sensitive strains, the expression increased 
in all resistance strains (VISA, VRSA, MRSA, and VRSA-
MRSA). The gene expression level exhibited variability 
across different age groups, defying a consistent pattern in 
the expression of toxin-producing genes. However, the 
majority of genes across all resistant categories exhibited 
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increased expression, with an equal ratio observed in the 
tested age groups. Furthermore, the isolation location 
variable was examined, and it was observed that among the 
MRSA isolates, the tsst 1 gene from surgical infections 
exhibited the highest gene expression. Conversely, the hla 
gene exhibited the lowest expression among burn wound 
infections and abscesses. In a study by Saeed Khan et al., 
all ten samples isolated from the intensive care unit were 
confirmed to be MRSA, and the Pvl gene exhibited the 
highest expression among the Hla, Hlb, Hld, Hlg, Sed, See, 
Seg, She, and Tsst genes (23). With regard to the 
expression of adhesion genes, the data indicate that the gene 
expression level varies among different age groups and 
does not exhibit consistent changes. The fnbA gene 
demonstrated the highest expression levels, while the clfB 
and fnbB genes exhibited the lowest expression levels 
across the various age groups. The results of a study of 502 
clinical samples of Staphylococcus aureus obtained from 
Tehran hospitals revealed relatively low methicillin and 
vancomycin resistance rates (33.46% and 1.2%, 
respectively). A salient finding of the present study was the 
substantial upregulation of adhesion and toxin-producing 
genes in the studied isolates. Given the presence of 
vancomycin resistance, along with resistance genes and 
virulence factor coding genes, it is imperative to implement 
robust control measures to address this hospital pathogen. 
Furthermore, the gene expression study results 
demonstrated that the expression of most of the studied 
genes is significantly higher in resistant isolates (MRSA 
and VRSA) than in sensitive isolates. This finding offers a 
promising avenue for further investigation in subsequent 
studies. 
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