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Abbreviations 
MRSA— Methicillin Resistant Staphylococcus Aureus
VRSA— Vancomycin-Resistant Staphylococcus Aureus
VISA— Vancomycin Intermediate Staphylococcus Aureus
MDR— Multi-drug Resistant
PCR— Polymerase Chain Reaction
MIC— Minimum inhibitory concentration
LZN— Linezolid
IPM— Imipenem
CIP— Ciproflaxin
AMK— Amikacin
FOX— Cefoxitin
CLI— Clindamycin
CTX— Cefotaxime
ERY— Erythromycin
CRO— ceftriaxone
CFZ— Cefazolin
SXT— Trimethoprim / Sulfamethoxazole
VA— Vancomycin
















Abstract 
Staphylococcus aureus (S. aureus) is an important pathogen that is involved in causing various infections. In recent years, attempts to treat infections caused by these strains have led to resistance to most antibiotics, especially methicillin and vancomycin. In this study, we evaluated genes capsule in MRSA isolated from clinical samples of hospitals affiliated with the Tehran University of Medical Sciences.
73 clinical samples suspected of MRSA were collected and confirmed phenotypically and biochemically. PCR was done by studying the presence of cap8, cap5, vanA, and mecA genes.
All 73 samples were confirmed as MRSA both by biochemical tests and by examining the presence of the mecA gene. Wound with 21 (28.77%) was the most, and synovial fluid with 1 (1.36%) was the least analyzed sample. The ICU department had the highest amount of MRSA samples, with 25 (34.24%), and the ENT, with 1 (1.36%), had the lowest amount. 32 isolates (43.84%) contained the cap5 gene, 27 (36.99%) cap8 gene, and 5 (6.84%) had the vanA gene. Among the isolated VRSAs, 2 (40%) isolates contained both cap5&8 genes simultaneously. The results of antimicrobial tests showed multi drugs resistance in these isolates. 
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1- Introduction
Staphylococcus aureus (S. aureus) is considered an opportunistic pathogen that is responsible for high mortality. S. aureus is associated with asymptomatic colonization on human skin and mucosa surfaces [1]. However, it is a significant cause of wound infections. It can cause bone inflammation, endocarditis, and bacteremia, leading to secondary infections in any major organs. Staphylococcal infections often occur when skin barriers with mucosa are broken following a foreign body contract and in the host's defensive immune systems [2]. S. aureus becomes more prominent, which with the advent of Methicillin-Resistant S. aureus (MRSA) [3]. For instance, the common place and often requires the use of more sophisticated treatment options. Initially, MRSA was limited to the healthcare sector; hence, it was called HA-MRSA [4].
In 1997, the first clinical isolation of S. aureus with moderate resistance to vancomycin was reported in Japan. Excess strains of vancomycin inhibition S. aureus (VISA) (minimal inhibitory concertation [MIC of 8g/m] have been isolated in several countries, including the United States and France [5].
Polysaccharide capsules are involved in various disease-related functions and processes, including drying prevention, adhesion, and resistance to host immune defence. Preventing the activity of neutrophils, chemotaxis, phagocytosis is one of the most important roles of the capsule in S.aureus[6]. 
The effective binding of bacteria is essential in the initial establishment of the host organisms. The encapsulated S. aureus is protected against host-dependent invasion and spreads rapidly in the host findings. Although 11 have been reported as capsular polysaccharides, five are the only isolates types five (cap5) or eight (cap8) polysaccharides that play a significant role and are associated with MRSA diseases [7]. Capsules are suitable vaccine targets against other encapsulated pathogens [8]. 
More than 80% of the clinical isolates produce toxins with CP5 or CP8. Recently shown that   CP5 plays an essential role in S. aureus pathogenesis and is likely to allow the body to resist the absorption and killing by phagocytes [9]. 
 The rest of the strains have surface polysaccharide antigens 336, which are known as non-typeable Staphylococcus aureus [10]. 
To determine the frequency of capsular genes in MRSA isolates, in this study, these genes were examined in clinical samples obtained from a hospital affiliated to Tehran University of Medical Sciences.

2- METHOD AND MATERIAL
 2.1 Bacterial Isolate
This study was reviewed on clinical samples sent to the laboratories of the three teaching hospitals for review:  Shariatic hospital, Imam Khomeini complex, and the center for the excellence of children medical center. The sample was acquired from various sources such as blood, CSF, wound…….  Culture performed on blood and Chapman agar media. In addition, biochemical test is performed to identify MRSA. The test carried out are Gram-staining, catalase, coagulase, mannitol fermentation, urease, and DNase. Furthermore, MIC for vancomycin is measured using a Vancomycin E-TEST strip. 
 2.2 Antimicrobial Susceptibility Test:
By referring to the CLSI  2021 standard protocol [11], we used several antibiotics such as Amoxicillin (An), Trimethoprim- sulfamethoxazole (SXT), Cefazolin(CZ), Ceftriaxone(CRO), Ciprofloxacin (CP), Erythromycin (E), Imipenem (IPM), Cefotaxime (CTX), Cefotaxime (CTX), Clindamycin (CC), Cefoxitin (FOX), Cloxacillin (CX), Vancomycin (V), Linezolid (LZD). However, Cefoxitin was used for the phenotypic diagnosis of methicillin-resistant S. aureus detection. The method was done by Kirby –Bauer test. A standardized inoculum of bacteria (usually 0.5Mcf) is dabbed onto the surface of a Mueller-Hinton (MH) agar dish by lawn culture. The antibiotic discs (Mast, UK) were prepared and placed on the plate at appropriate distances in aseptic condition. After overnight incubation, the diameter of the zone of inhibition is measured around each disc.

2.3 Molecular identification of mecA, vanA, cap5 and cap 8 genes in isolated S. aureus
DNA Extraction
Boiling is used for extracting of DNA. We extract DNA after overnight (r 24 hrs) pure culture of our sample. Initially, each bacterium (sample) is suspended into 400ml of distilled H2O, and a loop-full of bacteria is picked aseptically from the pure agar plate and inoculated into a pre-sterilized microtube, then shook for several seconds and transferred to thermo-block at 100°C for 15 min. Immediately after boiling, they were cooled in the freezer at -20 for 2 minutes, and the micro-tubes were then centrifuged at 13000 XG for 10 min. After centrifugation, the supernatant containing DNA is transferred to another sterilized micro-tube, and the DNA concentration is measured using a thermo-nano drop device.
2.4 Polymerase chain reaction
PCR was used to determine the genes frequency in our samples. To perform the PCR test after preparing the desired primers (Table 1), the materials required for the PCR test (DNA, D.W, Master mix, Primers) and with the temperature conditions were performed in a PeQlab thermocycler peQSTAR. The annealing temperature for each gene was as follows: (mecA-58°C for 40sec, vanA-55°C for 30sec, cap8-56°C for 30sec, cap5-(51°C) for (30sec), and 72 °C for 1min extension, with a post-extension step at 72 °C for 5 min.
Table 1. Specifications of primes of studied genes

	Genes
	Primers
(5' to 3')
	Size
bp
	Ref

	mecA
	F: AAAATCGATGGTAAAGGTTGGC
R: AGTTCTGCAGTACCGGATTTGC
	
533
	
[12]

	vanA
	F: GGCAAGTCAGGTGAAGATG
R: ATCAAGCGGTCAATCAGTTC
	
713
	
[13]

	cap5
	F: GGT TTG CTG AAA AAC CAG TC
R: CCT CAT ATG CTC CTA CAT TT  
	
454
	
[14]

	cap8
	F: GCCTTATGTTAGGTGATAAACC
R: GGAAAAACACACTATCATAGCAGG
	
173
	
[13]




3- Results
3.1 Sample preparation and collection
The analysis of hospital departments outlined the ward that produced high MRSA clinical samples. In this study, we identified several hospital departments, which is listed in Table 2.  The ICU department had the highest amount of clinical samples suspected to have MRSA, with 25 (34.24%), and the ENT, with 1 (1.36%), had the lowest amount.
Table 2. The studied hospital wards and their percentages. 
	Hospital wards
	Number of samples
	Percentage (%)

	ICU
	25
	34.24%

	Burn
	16
	22%

	Surgery
	8
	10.95%

	Orthopaedic
	7
	9.58%

	Neurosurgery ward
	5
	6.84%

	Oncology
	3
	4.10%

	Paediatric
	3
	4.10%

	NICU
	3
	4.10%

	Outpatient
	2
	2.73%

	ENT
	1
	1.36%



In this survey, we evaluated the whole samples and discovered that the collected MRSA samples in males 42 (57.54%) are considered higher than in females 31(42.46%), but there is no significant relationship between gender and the rate of infection with MRSA (P= 0.1).
As can be seen in the table of results (Table 3), wound with 21(28.77%) cases were the most and synovial fluid with one case (1.36%) was the least clinical samples.
Table 3 . Different sources of the clinical sample and their percentages

	Samples
	Percentage Amount

	Wound
	21(28.77%)

	Blood
	20 (27.40%)

	Tracheal
	10(13.70%)

	Urine 
	9(12.33%)

	Abscesses
	6(8.22%)

	CSF
	4(5.48%)

	Pleura
	2(2.74%)

	Synovial
	1(1.36%) 




3.2 Determination of antimicrobial susceptibility pattern
Based on antibiotics listed in CLSI 2021, we done antibiogram test by kirby bauer method. Results shown all of the strains (100%) were susceptibile to both vacomycin& linezolid and were resistant (100%) to cefoxitin. (Figure1)
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[bookmark: _GoBack]Figure1: The result of antibiograms test for isolated S. aureus

Molecular identification of MRSA and detection of vanA, cap 5& cap8 genes: All the strains which confirmed as cefoxitin resistant, were contain for mecA. Among confirmed MRSA, 5 (6.84%) isolates have vancomycin resistance gene and were known as VRSA. The frequency of cap 5 and cap8 genes in isolated MRSA was 32 (43.83%) and 27 (36.99%) respectively. No cap 5 and cap8 genes were observed in 14 (19.18%) isolates. Out of 5 isolated VRSAs, 2 (40%) isolates contained both cap5&8 genes simultaneously. 1(20%) isolate contained cap5, 1(20%) contained cap8 and 1(20%) contained none of the capsular genes. 
Among the clinical samples studied by us, S. aureus isolates from one blood sample and one CSF sample contained all of the mecA, vanA, cap5, and cap8 genes simultaneously.
The gel electrophoresis image for the studied genes shown in the figure 2 .
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Figure. 2: The electrophoresis result of: A; mecA gene (533 bp), B; vanA (713bp), C; cap5 (454bp), D; cap8 gene (173 bp). M: Marker 100 bp, P: positive control of S. aureus  contains desired genes., N: negative control (water, primers for each  gene, Mastermix), 1,2,3,4: samples 

4- Discussion 
The ability of MRSA to cause a variety of infections is due to the expression of several pathogenic factors, including adhesins, cytotoxins, superantigens, exoenzymes, and capsular polysaccharides, all of which play a role in the pathogenesis of Staphylococcal infections  [15]. 
Capsule is an important pathogenic factor in this bacterium that protects it from phagocytosis by cleaning cells and prevents the activity of neutrophils against bacteria. Wound with 21 (28.77%) was the most, and synovial fluid with 1 (1.36%) was the least analyzed sample. The ICU department had the highest amount of MRSA samples, with 25 (34.24%), and the ENT, with 1 (1.36%), had the lowest amount.
In the present study, there was no significant relationship between age, gender and MRSA infections. No significant relationship between gender and MRSA infection was also observed in the study by Mohzr & et al, [16]. In a study conducted between 2000-2007 in Korea, the results showed that the rate of MRSA infection was higher in people over 61 years of age [17]. 
In a study by Tabai in Mashhad (2016), from a total of 7335 bacteria isolated from patients hospitalized in Imam Reza (AS) Mashhad Hospital, the prevalence of MRSA was 382 (41.7%) cases [18]. Most MRSA isolates were isolated from blood and wound culture samples , in addition in the studies of Saudi Arabia and Kuwait, this amount was reported as 11 and 12%, respectively [19,20]. 

MRSA strains are currently a very significant health problem. Due to the widespread outbreak of MRSA, the treatment of MRSA was changed to vancomycin. And since the 1980s, vancomycin has become the drug of choice for the treatment of serious MRSA infections in many healthcare institutions. 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 glycoproteins. 
The results of antimicrobial tests in a present study showed multi drugs resistance in these isolates. All of our isolated MRSA was resistant to cefoxitin and sensitive to vancomycin & linezolid.
In Rezazadeh's study, all MRSA strains were resistant to penicillin and sensitive to mupirocin [21]. Askari  & et al, showed the most resistance to penicillin(96.6%)  and erythromycin (45%) among isolated  MRSA from clinical samples [22].

A study conducted in Nigeria showed that the susceptibility of S. aureus isolates to vancomycin was 76.6% (272) of 355 S. aureus isolates tested [23]. In 2016, out of 1360 samples examined in Ethiopia, out of 194 S. aureus obtained, 34 (17.5%) were MRSA, and 10 cases (5.1%) showed vancomycin resistance [24].

The data suggest that the primary cause for the high prevalence of MRSA strains in hospitals and the decreased prevalence of the sensitive strains may be due to various unnecessary antibiotic prescriptions to patients in the hospitals or in the community. Hence, it is recognized that several specific genes in MRSA strains might acclimate to the hospital environments and continue more than other strains grown within hospitals.

In the present study, 5 (6.84%) of the isolated MRSA contained vancomycin resistance gene. 32 (43.83%) isolates contained cap5 and 27 (32.53%) isolates contained cap8. 26 (35.62%) isolates had no positive genes for cap5 and cap8. 9 (12.32%) isolates simultaneously contained both cap5 and cap8 genes The samples were separated from blood, wound and cerebrospinal fluid. Among the MRSA samples, which were also VRSA, 2 samples contained cap 5 and cap 8 genes, and this bacterial strain was isolated from blood and cerebrospinal fluid samples.
 In a 3-year study in Iran on the prevalence of VRSA on S. aureus isolates in 2014-2017, it was shown that four isolates (0.2%) out of 1798 samples were VRSA and two isolates (0.1%) were VISA [25]. 
In Havaie & et al study in Isfahan, most clinical isolates (73%) expressed capsular polysaccharide types 5 (24%) and 8 (49%), while 27% were untypeable [26]. 
The distribution of the polysaccharide capsule has been analyzed in other countries around the world, and the percentage of distribution varies in each study. In Kuwait, the prevalence of cap8 gene was 3.8% in the examined samples [27].  Liu reported in 2018 that eighty-one strains (56.64%) were cap5, 36 strains (25.17%) were identified as cap8 type, and the remaining 26 strains (18.18%) were untypeable [28].  Vadier reported in France in 2007 that 195 (42%) S. aureus isolates were reported as cap5, 45% as cap8 and 13% as other types [29]. 


Considering that the strains producing type 5 and 8 capsules constitute about 80% of clinical isolates, the role of type 5 and type 8 capsules in pathogenicity is controversial. Nevertheless, recent studies have shown that type 5 capsules may be the target of antibodies that protect against experimental staph aureus infections and can be considered as a suitable candidate for their effective role due to their abundance among clinical isolates. Named for vaccine purposes.
The distribution of MRSA and VRSA strains is different in different geographical areas and the pattern of sensitivity of these strains to antimicrobial agents is changing, the frequency of MRSA strains from hospital infections and clinical cases and the prevalence of multiple antibiotic resistance in this strain, and the emergence of VISA and VRSA strains in hospitals has caused a serious threat regarding therapeutic risks and non-response to microbial treatments [30]. 
MRSA strains are currently a very significant health problem. Due to the widespread outbreak of MRSA, the treatment of MRSA was changed to vancomycin. And since the 1980s, vancomycin has become the drug of choice for the treatment of serious MRSA infections in many healthcare institutions. 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.
With the obtained results from our study and the resistance of several families between MRSA and VRSA isolates and comparing with the results of similar previous studies, we can understand the spread and speed of vancomycin resistance among S. aureus isolates, especially MRSA, which is an alarm for it is treatment.
It is counted and considering the occurrence of MDR resistance among these strains, it is necessary to use effective antibiotics or new treatment methods to treat these resistances. Although our study was limited to Tehran, the emergence of VRSA and VISA strains may be common in other provinces of Iran. Based on the antimicrobial susceptibility test results of many studies, linezolid can be considered as an effective drug against VRSA strains. It seems that it is necessary to carry out continuous and nationwide monitoring programs to draw the pattern of sensitivity to vancomycin in our country. This study and many previous studies showed that the prevalence of cap5 in MRSA clinical cases is very high. Identification of capsular genotypes of MRSA clinical isolates is important information because capsular polysaccharides are part of potential vaccine formulations against S. aureus and may be used as promising strategies in the future to combat MRSA and drug-resistant VRSAs.
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