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ABSTRACT 

 

 
Background and Objectives: Methicillin-resistant Staphylococcus aureus (MRSA) is one of the main causes of high mor- 

tality and morbidity in hospitals. This study was aimed to examine virulence factors, molecular typing, and the antibiotic 

resistance pattern of MRSA isolates in hemodialysis patients and healthy communities. 

Materials and Methods: Total of 231 and 400 nasal samples were obtained from hemodialysis patients and healthy com- 

munities, respectively. Virulence factors profile was examined in two groups by PCR reaction. Enterobacterial Repetitive 

Intergenic Consensus (ERIC-PCR) was used as a molecular typing approach. 

Results: Overall, 35.49% (82/231) of hemodialysis patients were positive for S. aureus, and 47.56% (39/82) of isolates were 

positive for mecA. In a healthy community, 15% (60/400) of samples were positive for S. aureus, and 36.66% (22/60) were 

positive for mecA. The frequency of MDR was significantly higher in patients group (p-value < 0.00001). The frequency of 

pvl (p.value = 0.003932, P<0.05) and tsst-1 (p.value = 0.003173, p < .05) were significantly higher in patients group. The 

highest frequency virulence factors in healthy individuals were related to hla (68.33%, 41/60), hlb (53.33%, 32/60), and 

Acme/arcA (46.66%) genes. Two groups were clustered by the ERIC-PCR method into 7 clusters and 2 single isolate with a 

0.74 similarity index. Based on the results, each cluster was combination with healthy and patient isolates. 

Conclusion: Our findings indicate a notable variation in the frequency of virulence factors between S. aureus isolates ob- 

tained from dialysis patients and the healthy community. 
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INTRODUCTION 

 
Staphylococcus. aureus, as an opportunistic patho- 

gen, is the cause of a wide range of infections such as 

suppurative disease, arthritis, osteomyelitis, infec- 

tive endocarditis, necrotizing pneumonia, and toxic 

shock syndrome (TSS) (1) (2, 3). Some virulence 

factors produced by S. aurus play a key role in the 

escape of infection from the host immune system (3- 

6). The nasal carriage of S. aureus can be a reservoir 

for subsequent infections in individuals colonized 

with this pathogen (4, 5). The appearance of antibiot- 

ic-resistant S. aureus strains (methicillin-resistant S. 

aureus (MRSA) is now a serious threat in commu- 
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nity and hospital settings. MRSA infections are one 

of the causes of the length of hospital stay and high 

morbidity and mortality, especially in people with 

HIV, cancer, diabetes, rheumatoid arthritis, and pa- 

tients undergoing dialysis (6). S. aureus colonization 

is one of the main causes of endogenous infection in 

hemodialysis patients both time-to-first-bacteremia 

and the relapse of infection (7). 

The increasing prevalence of antibiotic resistance 

is now a serious threat to public health (8). 

Although MRSA infections were originally ac- 

quired only from hospital settings (HA-MRSA), 

Community-associated methicillin-resistant S. au- 

reus (CA-MRSA) strains are found in the healthy 

community,  but  CA-MRSA  infections  can be the 

cause of infection in the community and hospital set- 

tings (9, 10). 

A CA-MRSA strain is detected when the patient 

has no history of hospitalization, surgery, or the year 

before infection based on the US Centers for Disease 

Control and Prevention (CDC) guideline (11). The 

virulence  factors  variety  is  different between  pa- 

tients and healthy groups. The presence of virulence 

factors, such as the virulence-associated Panton-Val- 

entine Leukocidin (PVL) gene in CA-MRSA, is re- 

sponsible for leukocytosis and tissue necrosis (12). 

In this respect, Enterobacterial repetitive intergen- 

ic consensus sequence targeted PCR (ERIC-PCR) 

is a quick method for epidemiological typing for 

Gram-positive and -negative bacteria (13). ERIC se- 

quences with 126 bp long are highly conserved cen- 

tral inverted repeats located in extragenic regions 

of the bacterial genome. These repeats are found in 

multiple copies in bacteria genomes (14, 15) which 

can be used for typing S. aureus isolates (16). 

The present study aimed to better understand the 

prevalence, molecular features, and antibiotic resis- 

tance pattern of CA-MRSA in healthy communities 

and HA-MRSA in hemodialysis patients in Tabriz, 

Iran. 
 

 
 

MATERIALS AND METHODS 

 
This cross-sectional study was performed on the 

student community and hemodialysis patients in Ta- 

briz, Iran. Ethical approval (Reference number: IR. 

TBZMED. REC.1398.989) for the study was obtained 

from the Tabriz University of Medical Sciences, Ta- 

briz Iran ethics committee. The study was carried 

out from July 2017 to August 2018. In this study, two 

population including hemodialysis patients referred 

to the Imam Reza Hospital of Tabriz and healthy stu- 

dents (200 girls and 200 boys) from six different high 

schools in Tabriz city, Iran were studied. The sample 

size was determined based on Cochran formula (17). 

Individuals with previous antibiotic consumption and 

treated with decolonization drug were excluded from 

two populations. 

 
Bacteria identification. The nasal, catheter and 

throat samples were obtained from 231 hemodialy- 

sis patients, and nasal samples were obtained from 

400 students aged 16 to 17 years from high schools 

(mean age: 16.5) in Tabriz city from January 1, 2018, 

to March 1, 2018. The individuals were monitored for 

antibiotic consumption during the past three months, 

and individuals without previous antibiotic consump- 

tion were included in this study. 

 
Antimicrobial susceptibility testing. The sus- 

ceptibility pattern of isolates was determined to var- 

ious antibiotics by Kirby Bauer disk diffusion testing 

based on the Clinical Laboratory Standards Institute 

(CLSI) guidelines as previously described (7, 15). An- 

tibiotic disks used were as follows: oxacillin (1 μg), 

rifampicin (5 μg), clindamycin (2 μg), erythromycin 

(15 μg), linezolid (30 μg), cefazolin (30 μg), penicillin 

(6 μg), amoxicillin/clavulanic acid (20/10 μg), ampi- 

cillin (5 μg), cefoxitin (30 μg) (MAST, UK). S. aureus 

ATCC 33591 (methicillin-resistant) and S. aureus 

ATCC 25923 (methicillin-susceptible) were used as a 

positive control, and ultrapure water was as a negative 

control. 

 
The detection of virulence factors by PCR reac- 

tion. The boiling approach was performed through 

TE buffer (10mM Tris, 1mM EDTA) to extract DNA 

from S. aureus isolates. Based on spectroscopy val- 

ues at 260 nm and 260/280, the quantity and quali- 

ty of DNA were evaluated. PCR reactions for nucA 

and mecA genes were performed to confirm S. au- 

reus and MRSA isolates, respectively (18). Five vir- 

ulence factors including Arginine catabolic mobile 

element   (ACME-arcA), Toxic shock syndrome tox- 

in-1 (tsst-1), Alpha-hemolysin (hla), Beta-hemolysin 

(hlb), and Panton-Valentine leukocidin (pvl) genes 

were selected due to key role of them in the increase 

of pathogenicity of S. aureus. ACME is an increasing 

factor of S. aureus colonization in the skin and mu- 
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cous membranes, tsst-1 is mostly lead to toxic shock 

syndrome. hla is the cause of cell death and lysis, Hlb 

is mostly the main reason of lung and eye infections. 

pvl is known as the leading cause of leukocyte lysis 

and tissue necrosis (3, 19). The virulence factors fre- 

quency were examined by PCR reaction using specif- 

ic primers (Table 1) in a 25 μL reaction for 30 cycles 

as follow: 94°C for 1 min, 49°C/53°C for 1 min, and 

72°C for 1 min after an initial denaturation at 94°C 

for 4 min. The final extension was done at 72°C for 5 

min. PCR products were detected by 1% agarose gel 

electrophoresis. For further validation, PCR products 

were sequenced. 

 
ERIC-PCR typing. The genetic diversity of 

MRSA isolates was analyzed by ERIC PCR based on 

the number of copies of the ERIC sequence. ERIC – 

PCR reaction was performed based on specific prim- 

ers (Table 1) after the initial denaturation at 95°C for 

5 minutes and followed for 40 cycles (94°C for 1 min- 

ute, 50°C for 1 minute, and 72°C for 2 minutes). The 

final extension was done at 72°C for 10 minutes. A 

binary data matrix in NTSYS-pc 2.02 software pack- 

age (20) was used for the analysis of ERIC patterns of 

the isolates. The dendrogram was made based on the 

Unweighted Pair Group Method using an arithmetic 

mean (UPGMA) algorithm in the NTSYS program. 

 
Statistical analysis. Statistical analysis was car- 

ried out by the SPSS software. The variations in the 

prevalence of virulence factors and antibiotic resis- 

tance were compared by Chi-square test (p<0.05). 

 
Table 1. The sequence of primers used for PCR 

Each test was performed at least three times. Data 

were presented as mean ± standard deviation (SD) or 

95% confidence interval (CI). 
 

 
 

RESULTS 

 
Antimicrobial susceptibility. Overall, 35.49% 

(82/231) of hemodialysis patients and 15% (60/400) 

healthy individuals were positive for S. aureus. Antibi- 

otic resistance profile to 11 antibiotics was determined 

on 82 S. aureus isolates from hemodialysis patients 

and 60 S. aureus isolates from the healthy community 

by the disc diffusion agar. In both groups, the highest 

antibiotic resistance was observed against ampicillin, 

and the highest sensitivity was to linezolid antibiot- 

ic. The frequency of MRSA isolates in patients, and 

healthy individuals based on resistance to cefoxitin 

was equal to 68.04% ± 1.0% and 18.34% ± 1.6%, re- 

spectively. Details of the results of the disc diffusion 

test are shown in Fig. 1. Based on results, 31.66% ± 

2.5% (19/60) of S. aureus isolates in the healthy group 

were multi-drug resistant (MDR) based on resistance 

to 3 or more classes (7) while 70.73% ± 2.0% (58/82) 

of S. aureus isolates were MDR in patients group. The 

frequency rate of MDR was significantly higher in pa- 

tients group (p-value < 0.00001). 

 
Detection of MRSA isolates and virulence fac- 

tors by PCR reaction. Identification of all S. aureus 

isolates were confirmed based on the presence nucA 

gene. In the healthy group, 36.66% ± 1.7% (22/60) of 

 

Primer Primer sequence (5´→3´) Size (bp) Ref 
mecA F: 5 ʹ - AGAAATGACTGAACGTCC -3 ʹ 305 (7) 

 R: 5 ʹ - ATTCCACATTGTTTCGGTC - ʹ 3   
hla F: 5 ʹ - GTACAGTTGCAACTACCT -3 ʹ 253 (19) 

 R: 5ʹ- CTTTCCAGCCTACTTTTTTATCAGT -3 ʹ   
hlb F: 5 ʹ - GTGCACTTACTGACAATAGTGC -3 ʹ 313 (19) 

 R: 5ʹ- GTTGATGAGTAGCTACCTTCAGT -3 ʹ   
Acme-arcA F: 5′- CTAGGTGCATAAATGTACGTG -3′ 577 (26) 

 R: 5′- CCAGAAGTACGCGAGAAC -3′   
tsst-1 F: 5 ʹ -ACAAGCGCTATTTTTATTTCAG-3 ʹ 271 (3) 

 R: 5ʹ-CCCATCCCCAACCACTTTT-3 ʹ   
pvl F: 5′- AGGTAAAATGTCTGGACATG-3′ 427 (27) 

 R: 5′-GCATCAACTGTATTGGATAGC-3′   
ERIC F: 5′- ATGTAAGCTCCTGGGGATTC-3′ Variables (15) 

 R: 5′- AAGTAAGTGACTGGGGTGAG-3′   
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the isolates were positive for mecA, while 47.56% ± 

1.3% (39/82) of the isolates in the patient's group were 

positive for mecA. The most frequency virulence fac- 

tors in healthy individuals were related to hla (68.33% 

± 1.2%, 41/60), hlb (53.33% ± 1.3%, 32/60), and 

Acme/arcA (46.66% ± 1.6%) while in patients group, 

highest frequency of virulence factors were related to 

hla (47.56% ± 1.0%, 39/82), Acme/arcA (45.12% ± 

1.4%, 37/82) and pvl (39.02% ± 1.8%, 32/82) (Fig. 2). 

The frequency of pvl (p.value = 0.003932, P < 0.05) 

and tsst-1 (p.value = 0.003173, p < .05) were signifi- 

cantly higher in patients group. 

 
ERIC PCR genotyping. Based on the ERIC-PCR 

gel analysis exhibited 1 to 12 bands ranging from 100 

to 900 bp. 

Dendrogram data generated from the computer-de- 

signed analysis indicated a high genetic dissimilarity 

among healthy and patient's groups (Fig. 3). 

The genetic dissimilarity MRSA isolates based on 

PCR results for mecA positive isolates (22 isolates 

from healthy community and 39 isolates from pa- 
 

 

 
 

Fig. 1. Results of antibiotic susceptibility test of S. aureus 

isolates from hemodialysis patients and healthy community. 
 
 

 
 

Fig. 2. Virulence factors profile of S. aureus isolates ob- 

tained from hemodialysis patients and healthy community. 

tients) were clustered into 7 clusters and 2 single iso- 

lates with similarity index:0.74. Based on results, in 

each cluster a combination with the healthy communi- 

ty (H) and patient's isolates were observed. ERIC-type 

A was identified as the predominant type comprised of 

39 isolates (63.93% ± 1.0%). The other clusters were 

including 2 to 4 isolates. 
 

 
 
DISCUSSION 

 
The frequency of virulence factors is the main 

cause of S. aureus pathogenicity in both HA-MR- 

SA and CA-MRSA. In this study, 68.04% of clinical 

isolates obtained from hemodialysis patients were 

MRSA based on resistance to cefoxitin. The frequen- 

cy of MRSA was more than the recent study in Ta- 

briz, in which 40.8% of clinical isolates were identi- 

fied as MRSA (21). Based on a systematic review and 

meta-analysis, MRSA prevalence was almost 43% in 

Iran from 2000 to 2016 (22). In a study conducted 

in the north of Iran, 36.9% of hemodialysis patients 

were S. aureus carriage, which 74.2% of them were 

MRSA (23). 

In this study, 18.34% of isolates obtained from a 

healthy  community  were  MRSA  which  was  less 

than the MRSA rate in students (4.5%) from central 

IRAN (24). 

The highest frequency virulence factors in healthy 

individuals were related to hla (68.33%, 41/60), hlb 

(53.33%, 32/60), and Acme/arcA (46.66%) genes 

while hla (47.56%, 39/82), Acme/arcA (45.12%,37/82) 

and pvl (39.02%,32/82) were most frequency in pa- 

tients. 

In the healthy group, 16.66% of the isolates were 

positive for the pvl gene; 11.66% (7/60) of the isolates 

were positive for both pvl and ACME-arcA genes. 

A significant correlation was observed between the 

presence of the ACME-arcA gene and resistance to 

methicillin (p<0.05) in the two groups. At the same 

time, 90% (9/10) of the pvl-positive isolates were sen- 

sitive to methicillin (p<0.05). In the patients' group, 

12.37% were positive for both hla and hlb genes, 

while 53.33% of the isolates were positive for both 

genes in the healthy group. 

Also, 11.66% of the pvl-positive isolates in the 

healthy group were positive for the ACME-arcA 

gene, consistent with previous research (25). In con- 

trast, in the patients' group, 13.40% of the isolates 

were positive for both virulence factors, and 4.12% 
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Fig. 3. Dendrogram of ERIC-PCR analysis for S. aureus isolates obtained from hemodialysis patients and healthy community. 

H: isolates obtained from nasal of healthy community, K: isolates obtained from catheter, T: isolates obtained from throat of 

dialysis patients, and N: isolates obtained from nasal of dialysis patients 

 
carried pvl and tsst-1. Only 1.03% of the isolates in 

this group were positive for four genes, including 

pvl, tsst-1, ACME-arcA, and mecA. Based on results, 

there is a different profile of virulence factors in pa- 

tient and healthy groups. 

This study shows a significant relationship between 

the presence of the ACME-arcA gene and the fre- 

quency of mecA-positive strains in a healthy popu- 

lation. There is no relationship between the presence 

of pvl and mecA so that 14.29% pvl positive isolates 

were MRSA in the healthy group. In the patient 

group, 15.67% of the isolates were positive for AC- 

ME-arcA and mecA. Two groups were clustered by 

the ERIC-PCR method into 7 clusters and 2 single 

isolates with a 0.74 similarity index. Based on the re- 

sults, each of the clusters were including both healthy 

and patient isolates. 
 

 
 

CONCLUSION 

 
Our findings indicate a notable variation in the fre- 

quency of virulence factors between S. aureus iso- 

lates obtained from dialysis patients and the healthy 

community. The genetic relatedness of the isolates 

from dialysis patients and healthy group was high, 

indicating cross-transmission within patient and 

healthy communities. 
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