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Abstract 

Background and Aim: Staphylococcus aureus is an important pathogen that causes various 
infections. The presence of some pathogenic factors in this bacterium helps the bacteria to 
survive in response to the immune system and antimicrobial treatments. Efforts to treat 
infections caused by these strains have resulted in resistance to most antibiotics, especially 
methicillin and vancomycin resistance, during recent years. Therefore, the consequences of 
infections caused by this bacterium can be serious. In this study we aimed to survey methicillin- 
resistance Staphylococcus aureus isolated from patients hospitalized in the ICU, NICU and 
surgical departments of Tehran University of Medical Sciences hospitals. 

Material and Method: 430 clinical samples of the patients were collected and identified as 
Staphylococcus aureus by phenotype and biotype tests. MRSA isolates were first screened by 
showing resistance to cefoxitin by disc diffusion method and finally confirmed by examining 
the mecA gene by PCR. The microbial resistance pattern of MRSA was also measured by disk 
diffusion method. Investigating the presence of a vancomycin resistance gene in isolated 
MRSA occurred by PCR. 
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Results: Out of 430 clinical samples, 117 (27.20%) Staphylococcus aureus were isolated of 
which 42 (35.89%) were identified as MRSA. The most MRSA obtained from the ICU 
department with 25 cases (59.52%). The majority of patients infected with MRSA belonged to 
the age group of 40-65 years. The mecA gene was detected in all MRSA. The entire MRSA 
was 100% sensitive to vancomycin and linezolid, and 100% resistance to cloxacillin. Molecular 
detection of vanA gene in isolated MRSA showed 2 (4.76%) of them contained vanA gene.  

Conclusion: The high prevalence of MRSA and its antibiotic resistance pattern to vancomycin 
and other antibiotic families can lead to treatment failures, uncontrolled nosocomial infections, 
and mortality. Although the PCR-based detection method is superior to other conventional 
techniques, a combination of these methods can provide diagnostic accuracy. 
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Introduction 

Staphylococcus aureus (S. aureus) is a round, gram-positive, facultative anaerobic bacterium 
that is part of the natural micro flora of humans. This bacterium is one of the major causes of 
hospital- and community-acquired infections, opportunistic pathogens that can cause skin and 
mucosal infections, endocarditis, osteomyelitis and sepsis [1]. 

Antimicrobial therapy plays an important role in infection control caused by S. aureus but has 
become less effective due to widespread drug resistance. Antibiotic treatment is a major key 
for treatment of infections caused by S. aureus [2]. However, the abuse of antibiotics has led 
to the resistance of S. aureus to antibiotics in recent years, and the issue of multidrug resistance 
has become increasingly prominent. There is a relationship between bacterial resistance and 
drug resistance genes. The mecA gene is considered one of the major resistance genes that 
confer resistance to β-lactams [3]. Methicillin-resistant Staphylococcus aureus (MRSA) strains 
are currently a remarkable health problem. Due to the widespread outbreak of MRSA, the 
treatment of MRSA was changed to vancomycin. Since the 1980s, vancomycin has become 
the choice drug for the treatment of serious MRSA infections in many healthcare institutions 
[4]. Although vancomycin has been the most reliable therapeutic agent against infections 
caused by MRSA, there is an alarming emergence of S. aureus strains with reduced 
susceptibility to vancomycin and other glycopeptides [5]. 

S. aureus strains are definitive causes of nosocomial infections. High pathogenicity of S. aureus 
and especially MRSA strains and the general weakness of hospitalized patients make it 
necessary to assess their antimicrobial resistance in clinical infections [6]. Thus, the present 
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study was done to survey the prevalence rate and distribution of antibiotic resistance among 
the MRSA strains isolated from patients hospitalized in the ICU and surgical departments. 

 

Materials and Methods 

Sampling: During 9 month, 430 clinical samples were collected from hospitalized patients in 
the ICU, NICU and surgical department of Tehran University of medical sciences hospitals. 
These samples referred to the laboratory for detection of S. aureus. 

Identification Tests: Confirmatory tests of S. aureus including gram staining, catalase test, 
coagulase test, mannitol fermentation and DNase were performed. 

Antibiotic Resistance Tests: Screening of MRSA was performed by cefoxitin disc diffusion 
method and then the antimicrobial resistant pattern of the MRSA was carried out by the disk 
diffusion agar method based on the CLSI 2021 guide line for antimicrobial tests. The used 
antibiotics consist of:  amoxicillin, trimethoprim-sulfamethoxazole, cefazolin, ceftriaxone, 
ciprofloxacin, erythromycin, imipenem, cefotaxime, clindamycin, cloxacillin, vancomycin and 
linezolid. Also, for vancomycin, E- test was done [7]. 

Detection of mecA and vanA Genes in the Isolated MRSA: PCR was used to detect the mecA 
gene to confirm MRSA and detect the presence of a vanA gene in confirmed MRSA. DNA 
extraction of isolated MRSA was followed by the Pars Tous kit (code A101161) protocol. Then 
the appropriated concentration of extracted DNA was measured by a Nano-drop device 
(Thermo).  Primers sequence of mecA and vanA genes are displayed in Table 1. Thermo cycler 
(peQlab) was used for PCR amplification. The PCR products were electrophoresed on a 1% 
agarose gel. 

 

Primers Sequence (5´ to 3´) Amplicon Size (bp) Ref 

mecA-F AAAATCGATGGTAAAGGTTGGC  

533 

 

(8) mecA-R AGTTCTGCAGTACCGGATTTGC 

vanA-F GGCAAGTCAGGTGAAGATG  

713 

 

(9) vanA-R ATCAAGCGGTCAATCAGTTC 

Table 1: Primers sequence of mecA and vanA genes. 
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Results 

During 9 months, out of 430 clinical samples, 117 (27.20%) samples were positive for S. 

aureus, whereas 42 (35.89%) of them confirmed as MRSA. Patients colonized with MRSA 
included 24(57.14%) men and 18 (42.86%) females by mean age 45.1 years old. No significant 
difference was observed between gender and MRSA infection (P=0.05). Clinical samples 
which contain MRSA included: 12 (28.58%) blood, 10 (23.81%) tracheal exudate, 8 (19.04%) 
wound, 4 (9.52%) CSF, 3(7.14%) urine and 3 (7.14%) abscess, 2 (4.77%) pleura. The hospital 
department where MRSA strains were isolated from hospitalized patients included 14 (33.33%) 
samples from the surgical clinic, 25 (59.52%) samples from the ICU and 3 (7.15%) samples 
from the NICU departments. Out of 117 isolates of S.aureus 42 (35.89%) were resistant to 
cefoxitin and considered as MRSA. The resistant or sensitivity pattern of MRSA is shown in 
Table 2.  The entire MRSA system was resistant to cloxacillin and sensitive to vancomycin and 
linezolid. After that, the most resistance was shown to both erythromycin and ceftriaxone. 41 
(97.62). 

Antibiotic Resistant Sensitive 

Number (%) 

Amoxicillin 23 (54.76) 19 (45.24) 

Trimethoprim- sulfamethoxazole 38(90.48) 4 (9.52) 

Cefazolin 38(90.48) 4 (9.52) 

Ceftriaxone 41 (97.62) 1(2.38) 

Ciprofloxacin 39 (92.86) 3(7.14) 

Erythromycin 41 (97.62) 1(2.38) 

Imipenem 23(54.76) 19(45.24) 

Cefotaxime 36(85.71) 6(14.29) 

Clindamycin 40(95.24) 2(4.76) 

Cefoxitin 42(100) 0(0) 

Cloxacillin 42(100) 0(0) 

Vancomycin 0(0) 42(100) 

Linezolid 0(0) 42(100) 

Table 2: The result of antibiotic resistance and sensitivity pattern of isolated MRSA. 
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The results of the E-test for Vancomycin showed that one of the samples Minimum Inhibitory 
Concentration (MIC) for S.aureus (MIC= 16) was in the vancomycin resistance range, whereas 
in the disc diffusion method, all of them were sensitive to vancomycin.  

The molecular results of the mecA gene showed that all the isolates that were resistant to the 
antibiotic cefoxitin by the agar disk diffusion method also contained the mecA gene in the PCR 
test. Two (4.76%) of the MRSA studied had vancomycin resistance genes. Electrophoresis 
results of the mecA and vanA genes are shown in Fig. 1. 

 

 
Figure 1: Gel electrophoresis of PCR products of genes from isolated MRSA: a, mecA (533 
bp); b, vanA (733 bp). M, Marker (100 bp); P, positive control S. aureus ATCC 25923 for 

mecA and Enterococcus faecalis ATCC 29212 for vanA; N, negative control (the tube 
containing distilled water, gene primers, and Master Mix). The numbers indicate the samples 

expressing the target genes. 

 

SPSS (IBM SPSS Statistics 24) software was used to check the significant relationship between 
the obtained results and the relationship with MRSA. 

 

Discussion  

MRSA is one of the major causes of hospital-acquired infections, especially in developing 
countries. Nowadays, MRSA has increasingly become a global problem in health care facilities 
[10]. S. aureus is considered as an opportunistic pathogen responsible for high mortality in 
humans [11].  The pathogenesis of this bacterium is further accentuated by the prevalence of 
antibiotic resistance among S. aureus isolates, often necessitating the use of more sophisticated 
treatment options [12].  
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The present study carried out on methicillin- resistance Staphylococcus aureus isolated from 
patients hospitalized in the ICU, NICU and surgical departments of Tehran University of 
Medical Sciences hospitals. During 6 months, out of 430 clinical samples, 117 (27.20%) 
samples were positive for S. aureus which 42 (89.35%) samples confirmed as MRSA. For 
primary confirmation of MRSA, we used cefoxitin disk by disk diffusion agar method. 24 
(57.14%) MRSA isolated from men and 18 (42.86%) from women. No significant relationship 
between gender and MRSA infection was seen (P=0.05). The mean average age of hospitalized 
patients was 45.1 years old, the youngest patient was 4 months old in NICU and the oldest 
patient was 73 years old in ICU. Blood with 12 (28.58%) cases and pleura with 2 (4.77%) cases 
were the most and least samples obtained from the studied departments, respectively. There 
was no significant relationship between samples and MRSA (P=0.01).  

Besharati, et al., Sasan, et al., Garoy, et al., and many similar studies, have shown different 
frequency of S.aureus in clinical samples [13-15]. In some studies, no significant relationship 
has been observed between gender and the rate of MRSA infection but in some other studies, 
they have stated that this infection is more common in young people, and in some other studies, 
they have found this to be the case in the elderly [16,17]. Although it is possible in different 
regions, the percentage report of isolated MRSA is slightly different, which is due to the 
regional, cultural, health and type of referrals hospital differences. But all the results indicate 
the high prevalence of MRSA among clinical samples.  

In this study, ICU included the highest number of isolates with 25(59.52%) samples containing 
MRSA. In a study by Razin, et al., the distribution of MRSA positive cultures was the highest 
in the ICU department with 60 cases (42%) and the wounds with 28% were the most abundant 
samples [18]. Sabouni, et al., reported the most isolation of MRSA from pediatric intensive 
care units [19]. A study in Congo showed the prevalence of 63.5% of MRSA among surgical 
patients hospitalized and Rodrigues, et al., in 2015 reported the medical clinic and adult ICU, 
had the highest MRSA isolate rates [20,21].   

Considering that the ICU department needs the highest hygiene conditions in terms of the 
specific conditions of the patients, considering the high frequency of MRSA in the ICU, the 
necessity of consideration and accuracy and correct observance of sterilization and hygiene 
principles by the personnel seems necessary and important. MRSA causes various infections, 
including urinary tract infections, in hospitalized patients, especially in ICU department 
[22,23]. 

The mecA gene is highly conserved among methicillin-resistant S. aureus and is contained in 
a Staphylococcal mobile chromosomal cassette (SCCmec). The mecC gene has been detected 
in MRSA and other staphylococcus species in several countries [24]. MRSA strains are 
currently a very significant health problem. Due to the widespread outbreak of MRSA, the 
treatment for MRSA was changed to vancomycin. 
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The high prevalence of S. aureus strains and, as a result, the use of vancomycin as an 
antimicrobial drug in many hospitals, the lack of control over the use of microbes and the 
inappropriate conditions of public health institutions, has been led to the emergence of medium 
sensitivity (VISA) or Vancomycin Resistant Strains [VRSA] [25].  In our study, all the strains 
that were resistant to cefoxitin disc contained the mecA gene by PCR and the results of the disc 
diffusion test were the same as the molecular results. In the case of the vancomycin gene, all 
MRSA were sensitive to vancomycin by disc diffusion method, the E-test strip in one of the 
samples showed suspicious conditions of resistance to vancomycin. But molecular detection of 
the vancomycin gene showed two samples (4.76%) containing the vancomycin resistance gene.  

Bokaian, et al., Floum, et al., used cefoxitin disk for initial confirmation of MRSA and 
Rocchettia, et al., investigated the mecA gene in MRSA and showed that most of the isolates 
that are resistant to disk also have the mecA gene in the molecular method [26-28]. These 
studies reported the frequency of MRSA from 40% to 78/7%.   In 2016, out of 1360 samples 
examined in Ethiopia, 34 (17.5%) were MRSA, and 10 (5.1%) showed vancomycin resistance 
[29]. In a case report study in 2003, a VRSA with MIC >32 μg per milliliter was identified 
[30]. Although the regional, economic and health conditions of the studied community can play 
a role in the difference in frequencies, the results indicate the abundance of MRSA strains and 
the presence of vancomycin-resistant strains, is a bad prognosis for the development of 
multidrug-resistant strains. 

The E-test result for vancomycin showed the disk diffusion is not reliable for studying the 
sensitivity or resistance to vancomycin and does not differentiate VRSA and VSSA. So it seems 
that it is more reliable to perform the MIC test and then check the resistance gene with a 
molecular method. Although the molecular method is better and more accurate. Because there 
may be human error in the disc diffusion method or even MIC when doing lawn culture. 

In the present study, the antimicrobial resistance pattern of MRSA isolates was investigated by 
an agar disk diffusion method based on the list of antibiotics available in CLSI 2021. Our 
results showed the highest sensitivity of MRSA to vancomycin and linezolid antibiotics (100%) 
and the highest resistance to cloxacillin antibiotics 100% and then to erythromycin and 
ceftriaxone, 97.62%. In similar studies, Kosha reported the highest sensitivity of MRSA to 
vancomycin by disk diffusion method and in Kavosi's study, all MRSA obtained were sensitive 
to vancomycin and had the highest resistance seen to erythromycin with 84.4% [31,32]. Gun 
in 2021 reported the highest resistance to macrolides like erythromycin (87.29 %) [33]. In 
Nepal in 2021, all MRSA were resistant to penicillin, followed by erythromycin (94.9%) and 
none of MRSA was resistant to vancomycin [34]. The high rate of MRSA isolation and 
resistance to penicillin, ampicillin, erythromycin, etc. indicate that these antibacterial agents 
are ineffective against MRSA. Vancomycin seems to be an antimicrobial agent that has shown 
high sensitivity against S. aureus in some studies. Hence, vancomycin may be used as the 
choice drug for the treatment of MDR-MRSA infections.  
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However, vancomycin susceptibility monitoring and routine testing should be performed, both 
by determining the MIC and checking for the vancomycin resistance gene in isolates. Regular 
monitoring of nosocomial infections, especially antibiogram monitoring of MRSA and MSSA, 
and formulating the policy of using the appropriate antibiotic for treatment, may be useful in 
reducing the incidence of MRSA infection. 
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