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a b s t r a c t

Staphylococcus aureus (S. aureus) is considered as a notorious nosocomial pathogen among hospitalized
patients and community-dwelling subjects. Its increasing morbidity and mortality is believed to be due
to antibiotic resistance. However, the data concerning molecular properties of infecting strains are few.

In this study, a total of 192 S. aureus strains, including 88 (45.8%) meticillin-sensitive S. aureus (MSSA)
and 104 (54.2%) meticillin-resistant S. aureus (MRSA) were recovered from clinical samples. The preva-
lence of subtypes containing staphylococcal cassette chromosome mec (SSCmec), staphylococcal en-
terotoxins (SEs), toxic shock syndrome toxin (TSST) and exfoliative toxin was assessed by PCR. Antibiotic
susceptibility pattern and vancomycin resistance of each isolate were evaluated by disk diffusion method
and micro-dilution method, respectively.

9 (2.3%) strains required MIC > 2 mg/l of vancomycin, which significantly increased among multi drug
resistant (MDR), MRSA and SCCmec type III strains (p < 0.05). 171 (89%), 140 (72.91%), 7 (3.6), 78 (48.6%),
5 (2.6%), 151 (78.64%), 129 (67.18%), 178 (92.7%) and 15 (7.8%) of 192 isolates harbored mecA, entA, entB,
entC, entD, entE, eta, etb and tsst-1 genes, respectively. 31 (16.14%), 5 (2.6%), 95 (49.48%) and 7 (3.64%) of
192 isolates carried SCCmec type I, II, III and IV, respectively. We found a significantly higher rate of MRSA
and resistance to all tested antibiotics, except to penicillin G, kanamycin and linezolide among the
SCCmec type III class (p < 0.05).

According to our findings, MSSA isolates should be taken as seriously as MRSA strains due to the
potential presence of broad spectrum virulence factor genes.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Staphylococcus aureus (S. aureus), as one of themajor nosocomial
pathogens in various parts of the world, causes a wide range of
human infections, including endocarditis, pneumonia, toxic shock
syndrome, and bacteremia [1]. The emergence of meticillin-
resistant strains along with multi drug resistant (MDR) strains in
sseini).
hospital settings and nursing homes increase the morbidity and
mortality rate of staphylococcal infections owing to cumbersome
treatment [2]. Resistance to meticillin is acquired via several
mechanisms. The expression of an altered penicillin binding pro-
tein (PBP2a) is the main mechanism. The highly conserved mecA
gene is responsible for encoding PBP2a that bears onmobile genetic
elements called staphylococcal cassette chromosomemec (SSCmec)
[3,4]. Eleven types of SSCmec have been recognized, five of which
(IeV) are universally spread. It seems that other types of SSCmec
appear only in an initial rise region [5,6]. The members of SCCmec
family possess two indispensable components, conserved terminal
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inverted repeats and direct repeats [7]. The third region called
Junkyard locates between the two described parts and includes
several genes and pseudogenes, which do not appear to be neces-
sary for the pathogenesis of the microorganism [8].

A wide range of virulence factors, including exfoliative toxin
(ETA and ETB) and potent superantigens such as staphylococcal
enterotoxins (SEs) and toxic shock syndrome toxin (TSST) are
produced by S. Areas, which lead to severe infections and toxemia
syndromes. Superantigens are known as a robust T-cell mitogen
activator which are responsible for extensive unspecific T-cell
proliferation and secretion of pro-inflammatory cytokines, subse-
quently causing severe sepsis [9,10]. 21 discrepant types of SE have
been reported with different sequence homologies [11]. The tsst-1
gene encodes a 21.9 KDa extracellular toxin causing toxic shock
syndrome (TSS) [12]. Although the frequency of the tsst-1 gene
within meticillin sensitive S. aureas strains (MSSA) have already
been high, recent reports revealed that the number of MRSA
harboring this gene has been increased [13e15]. There are three
isoforms of ET, ETA, ETB and ETD which are encoded by the eta, etb
and etd genes, respectively. The ETA and ETB toxins are associated
with the occurrence of staphylococcal scaled skin syndrome (SSSS)
[16]. Despite the genetic homology and similar biological activity,
ETA and ETB differ in their immunological characteristics and
location of encoding genes. The eta gene has a chromosomal origin
that is integrated by prophages, whereas the etb gene is a plasmid
gene [17].

To the best of our knowledge, There are few studies surveying
the relation between the co-presence of SEs, TSST and exfoliative
toxin and their clinical outcomes in patients suffered from S. aureus
infections. Herein, we attempted to assess the prevalence of
S. aureus subtypes containing SSCmec, SEs, TSST and exfoliative
toxin in MRSA and MSSA strains isolated from clinical samples.

2. Materials and methods

2.1. Bacterial isolates

A total of 192 S. aureus strains were recovered from clinical
samples, including wounds, urine, stool, blood, bail, tracheal aspi-
rates, sputum, bronchoalveolar lavage (BAL), bone, ear infections,
chest tube, pleural effusion, synovial fluid during 2009e2012 from
one of the educational hospitals in the north of Tehran, Iran.
S. aureus strains were identified by means of various biochemical
tests,Gram-staining, catalase, coagulase and DNAse activity tests,
manitol fermentation and the presence of hemolysis on blood agar
plates after 24 h incubation at 37 �C. To remove the colonized
S. aureus isolates, all of the infectious cases were confirmed in
accordance with clinical and Para-clinical manifestations along
with the results from microbial culture and colony count. The
collected strains were freezed and stored at �80 �C for further
examinations.

2.2. Antimicrobial susceptibility testing

The antimicrobial susceptibility pattern against 12 antibiotics,
including cefoxitin (10 mg), penicillin G (10 U), vancomycin (30 mg),
ciprofloxacin (5 mg), erythromycin (15 mg), clindamycin (2 mg),
cotrimoxazole (25 mg), gentamicin (10 mg), linezolid (30 mg),
cephazolin (30 mg), kanamycin (30 mg) and tetracycline (30 mg)
were investigated for each isolate. All the antibiotics were pur-
chased from MAST company, Merseyside, UK. The antimicrobial
evaluation was performed using disc diffusion method (Kir-
byeBauer) based on clinical and laboratory standard institute
(CLSI) guidelines [18].

Moreover, to confirm the findings of disk diffusion susceptibility
against vancomycin, minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) was determined using
micro-dilution method according to a guideline recommended by
CLSI. Nine different concentrations of vancomycin (0.0625, 0.125,
0.250, 0.5, 1, 2, 4, 8, 16, and 32 mg/l) in Muller Hinton (MH) broth
were prepared. One milliliter of each concentration was added to a
separate test tube. Then, approximately 1� 108 CFU/ml (equivalent
to 0.5 McFarland) from each isolate were inoculated into an
appropriate tube. After 24 h incubation at 37 �C, the turbidity of
each sample was evaluated. To assess the MBC, 1 ml of each incu-
bated test tube was cultured on a MH agar plate and incubated at
37 �C for 24 h and the bacterial growth was determined. Tubes
without antibiotic and another one without bacteria were used as
controls.

2.3. DNA isolation and PCR amplification for gene detection

Polymerase chain reaction (PCR) was used to evaluate the dis-
tribution of several virulence factors, including mecA, entA, entB,
entC, entD, entE, eta, etb and tsst-1 genes among the isolates.
Furthermore, SCCmec elements were identified based on relevant
primers (Table 1). All the primer pairs except for tsst-1 genes were
selected from literature. The tsst-1 primers is original that its ac-
curacy was confirmed by sequencing (Macrogen Research, Seoul,
Korea). Briefly, Each isolate was cultured in 5 ml of LB broth at 37 �C
overnight under aerobic conditions and then bacterial cells were
collected by centrifugation at 6000 rpm for 10 min. 100 ml buffer
solution (10 mM Tris・HCl, pH 8.0; 1 mM EDTA; 100 mMNaCl) and
15 ml lysozyme (0.25 mg/ml) were added to the bacterial pellet and
incubated for an hour at 37 �C. Then, 200 ml GC solution and 15 ml
proteinase K solutionwere added and incubated for 15min at 60 �C.
Finally, The DNA was precipitated using isopropanol. The quality
and quantity of purified DNA were determined using gel electro-
phoresis and NanoDrop spectrophotometer (NanoDrop-1000,
Wilmington, DE), respectively. 1 ml of each extracted DNA was
amplified in 25 ml of mixture reaction containing 10� reaction
buffer, 0.1 mM of the deoxynucleoside triphosphates (dNTPs),
2 mM MgCl2, 10 rmol of designed primers and 1 U of Taq DNA
Polymerase (Cinnagen, Tehran, Iran). PCR was carried out in
Eppendorf asterCycker (Hamburg, Germany) followed by an initial
denaturation step of 5 min at 94 �C; 35 cycles of 1 min at 94 �C,
2 min for annealing as listed in Table 1 for each gene and 1 min at
72 �C followed by 5 min final extension at 72 �C. To detect the
presence of desired amplicon, the 1.5% agarose electrophoresis was
performed, stained by ethidium bromide and then products were
visualized by UV transilluminator (Kiagene, Tehran, Iran). The
genomic DNA isolated from the standard strains named MW2, COL,
Mu50, Fri1151m and NRS111was kindly gifted from Dr. Patrice
Francois for positive controls of genes [19] .

2.4. Statistical analyses

All statistical analyses were done using Chi square and Fisher's
exact test in the SPSS version 15 (Chicago, IL). P values less than 0.05
were considered as statistically significant.

3. Results

3.1. Clinical isolates

In the current cross-sectional study, we surveyed the prevalence
of MRSA and MSSA S. aureus among our isolates, their antibiotic
resistance pattern and possession of virulence factor genes. Out of
192 strains, 116 (60.4%), 34 (17.7%), 12 (6.2%), 10 (5.2%), 8 (4.2), 4
(2.1%) and 2 (1%) were recovered from the wounds, blood, bail,



Table 1
The sequences of primers.

Gene name Forward sequence Reverse sequence Annealing temperature (C) Product size (bp) Ref

mecA TGAGTTGAACCTGGTGAAGTT TGGTATGTGGAAGTTAGATTGG 57 857 [39]
SCCmec I TTTAGGAGGTAATCT CCT TGA TG TTT TGC GTT TGC ATC TCT ACC 52 154 [40]
SCCmec II CGT TGA AGA TGA TGA AGC G CGA AATCAATGG TTAATGGACC 53 398 [41]
SCCmec III CCA TAT TGT GTA CGA TGC G CCTTAGTTGTCGTAACAGATC G 49 280 [41]
SCCmec IV TTTGAATGCCCTCCATGAATAAA T AGAAAAGATAGAAGTTCGAAGA 55 458 [40]
entA TTGGAACGGTTAAAACGAA GAACCTTCCCATCAAAAACA 50 121 [42]
entB 'TCGCATCAAACTGACAAACG GCAGGTACTCTATAAGTGCC 55 478 [42]
entC GGAGGAATAACAAAACATGAAGG AAAGGCAAGCACCGAAGTAC 59 459 [42]
entD TGGTGGTGAAATAGATAGGAC TGAAGGTGCTCTGTGGATAAT 51 384 [42]
entE TGGTAGCGAGAAAAGCGAAG TGTAAATAATGCCTTGCCTGAA 55.5 495 [42]
tsst-1 CTGGTATAGTAGTGGGTCTG AGGTAGTTCTATTGGAGTAGG 54 271 Original
eta TTTGCTTTCTTGATTTGGATTC GATGTGTTCGGTTTGATTGAC 54 464 [39]
etb ACGGCTATATACATTCAATT TCCATCGATAATATACCTAA 50.9 200 [39]
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tracheal aspirates, sputum, ear infections and chest tube samples,
respectively. Besides, 1 (0.5%) strain was isolated from each one of
synovial fluids, BAL, bone, urine, stool and plural effusion samples.
133 (69.3%) specimens were collected from men and the rest
(30.7%) from female. The subjects were in the range of 1e94 years
of age, categorized into 10 age groups. Most cases belonged to the
age group of 51e60 years. Table 2 lists the frequency of the isolates
with respect to different age groups, gender and infection sites.
Moreover, as summarized in Table 2, the samples were most
frequently collected from special care units (ICU, CCU and VIP)
(24%) and less frequently recovered from patients admitted to
Table 2
The pattern of MRSA and MSSA isolates distribution according to demographic
properties.

All strains
N ¼ 192 (%)

MSSA
N ¼ 88 (%)

MRSA
N ¼ 104 (%)

P value

Sex
Female 59 (30.7) 30 (34.1) 22 (27.9) 0.353
Male 133 (69.3) 58 (65.9) 75 (72.1)
Source
Wound 116 (60.4) 54 (61.4) 62 (59.6) 0.129
pleural effusion 1 (0.5) 0 1 (1)
Urine 1 (0.5) 1 (1.1) 0
Ear 4 (2.1) 4 (4.5) 0
Blood 34 (17.7) 17 (19.3) 17 (16.3)
Stool 1 (0.5) 1 (1.1) 0
Tracheal aspirate 10 (5.2) 1 (1.1) 9 (8.7)
Sputum 8 (4.2) 3 (3.4) 5 (4.8)
Bail 12 (6.2) 4 (4.5) 8 (7.7)
Bone 1 (0.5) 1 (1.1) 0
Chest tube 2 (1) 1 (1.1) 1 (1)
BAL 1 (0.5) 0 1 (1)
Synovial fluid 1 (0.5) 1 (1.1) 0
Age
0e10 years 8 (4.2) 4 (4.5) 4 (3.8) 0.326
11e20 years 16 (8.3) 7 (8) 9 (8.7)
21e30 years 19 (9.9) 5 (5.7) 14 (13.5)
31-40 years 9 (4.7) 7 (8) 2 (1.9)
41e50 years 36 (18.8) 21 (23.9) 15 (14.4)
51e60 years 39 (20.3) 17 (19.3) 22 (21.2)
61e70 years 33 (17.2) 12 (13.6) 21 (20.2)
71e80 years 22 (11.5) 10 (11.4) 12 (11.5)
81e90 years 8 (4.2) 4 (4.5) 4 (3.8)
91e100 years 2 (1) 1 (1.1) 1 (1)
Hospital wards
Internal 37 (19.3) 17 (19.3) 20 (19.2) 0.178
Surgery 30 (15.6) 15 (17) 15 (14.4)
Orthopedic 33 (17.2) 17 (19.3) 16 (15.4)
Chemo-therapic dep. 2 (1) 2 (2.3) 0
Pediatric 7 (3.6) 3 (3.4) 4 (3.8)
Urology 3 (1.6) 0 3 (2.9)
Emergency 34 (17.7) 19 (21.6) 15 (14.4)
ICU/CCU/VIP 46 (24) 15 (17) 31 (29.8)
urology (1.6%) and chemotherapy department (1%).
3.2. The antimicrobial susceptibility analysis

Antibiotic resistance of each isolate was assessed with antimi-
crobial susceptibility analysis. The highest resistance was observed
against penicillin G (Table 3). Furthermore, resistance to linezolide
was observed in 2 (1%) isolates. Results from disc diffusionmethods
showed prevalent resistance to vancomycin. Therefore, we deter-
mined the MIC and MBC for vancomycin using the micro-dilution
method for all isolates. According to the micro-dilution, 158
(82.7%), 24 (12.6%) and 9 (4.7%) out of 192 isolates had MIC lower
than 2, equivalent to 2 and upper than 2 mg/l for vancomycin,
respectively. We showed the significant increase of vancomycin
MIC among MDR, MRSA and SCCmec type III population (p < 0.05)
(Table 4).

Multi drug resistance (resistance to more than three antibiotics)
(MDR) was found in 102 (53.12%) of the isolates. Statistical analyses

̊

Table 3
The prevalence of virulence factors, SCCmec subtypes and antibiotic resistance status
among MRSA and MSSA isolates.

Name of
genes

All strains
N ¼ 192 (%)

MSSA
N ¼ 88 (%)

MRSA
N ¼ 104 (%)

P value

mecA 171 (89) 73 (83) 98 (94.2) 0.353
SCCmec I 31 (16.14) 11 (12.5) 20 (19.2) 0.207
SCCmec II 5 (2.6) 3 (3.4) 2 (1.2) 0.519
SCCmec III 95 (49.48) 28 (31.8) 67 (64.4) 0.001
SCCmec IV 7 (3.64) 2 (2.3) 5 (4.8) 0.35
ent A 140 (72.91) 59 (67) 81 (77.9) 0.058
ent B 7 (3.64) 3 (3.4) 4 (3.8) 0.844
ent C 78 (48.62) 36 (40.9) 42 (40.4) 0.834
ent D 5 (2.6) 3 (3.4) 2 (1.9) 0.527
ent E 151 (78.64) 63 (71.6) 88 (84.6) 0.019
tsst-1 129 (67.18) 63 (71.6) 66 (63.3) 0.257
eta 178 (92.7) 81 (92) 97 (93.3) 0.559
etb 15 (7.81) 14 (15.9) 1 (1) 0.000

Antibiotic
resistance

All strains
N ¼ 192 (%)

MSSA
N ¼ 88 (%)

MRSA
N ¼ 104 (%)

P value

Penicillin G 190 (98.95) 86 (97.7) 104 (100) 0.122
Cephazolin 91 (47.39) 3 (3.4) 88 (84.6) 0.01
gentamicin 94 (48.95) 6 (6.8) 88 (84.6) 0.000
Kanamycin 122 (63.54) 29 (33) 93 (89.4) 0.000
Erythromycin 104 (54.16) 16 (18.2) 88 (84.6) 0.000
Tetracycline 123 (64.06) 29 (33) 99 (90.4) 0.000
Ciprofloxacin 110 (57.29) 15 (17) 95 (91.3) 0.000
Clindamycin 90 (46.87) 8 (9.1) 82 (78.8) 0.000
cotrimoxazole 69 (35.93) 2 (2.3) 67 (64.4) 0.000
Linezolide 2 (1) 2 (2.3) 0 (0) 0.000
MDR 102 (53.12) 7 (8) 95 (91.3) 0.000

* p < 0.05 is significant in bold.



Table 4
Comparison of vancomycin resistance status of clinical isolates with the presence of
virulence factors.

Vancomycin MIC P value

<2 mg N ¼ 158 (%) 2 mg N ¼ 24 (%) >2 mg N ¼ 9 (%)

SCCmec I 26 (16.5%) 4 (16.7) 1 (11.1) 0.913
SCCmec II 5 (3.2) 0 (0) 0 (0) 0.585
SCCmec III 71 (44.9) 17 (70.8) 7 (77.8) 0.014
SCCmec IV 7 (4.4) 0 (0) 0 (0) 0.468
mecA 137 (86.7) 24 (100) 9 (100) 0.085
MRSA 73 (46.2) 33 (95.8) 8 (88.9) 0.001
MSSA 85 (53.8) 1 (4.2) 1 (11.1)
entA 113 (71.5) 18 (81.8) 8 (88.9) 0.333
entB 5 (3.2) 1 (4.8) 1 (11.1) 0.473
entC 68 (43.6) 5 (23.8) 4 (44.4) 0.221
entD 3 (1.9) 2 (8.7) 0 (0) 0.144
entE 122 (77.2) 20 (87) 8 (88.9) 0.426
tsst-1 102 (65.8) 19 (79.2) 7 (77.8) 0.347
eta 145 (93.5) 24 (100) 8 (88.9) 0.36
etb 14 (9) 1 (4.2) 0 (0) 0.475
MDR 70 (44.3) 24 (100) 8 (88.9) 0.001

* p < 0.05 is significant in bold.
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showed no significant impact of gender, age, hospital ward and
sample types on the incidence of MDR property.

The isolates were phenotypically divided into two groups, MRSA
andMSSA, based on resistance or sensitivity to cefoxitin. 88 (45.8%)
and 104 (54.2%) out of 192 isolates were MSSA and MRSA, respec-
tively. Apart from linezolide and penicillin G, resistance to other
antibiotics significantly increased among MRSA strains compared
to MSSA (p < 0.05) (Table 3). On the contrary, linezolide resistant
isolates significantly belonged to MSSA group (p < 0.05).
3.3. Distribution of the virulence factor genes in the clinical isolates

The prevalence of mecA, entA, entB, entC, entD, entE, eta, etb and
tsst-1 genes was evaluated by PCR. As described in Table 3, 171
(89%), 140 (72.91%), 7 (3.6), 78 (48.6%), 5 (2.6%), 151 (78.64%), 129
(67.18%), 178 (92.7%) and 15 (7.8%) out of 192 isolates harbored
mecA, entA, entB, entC, entD, entE, eta, etb and tsst-1 genes,
respectively.
Table 5
Frequency of virulence factors and antibiotic resistance among different SCCmec subtype

Name of genes SCCmec I n ¼ 31 (%) P value SCCmec II n ¼ 5 (%) P va

ent A 30 (96.8) 0.001 3 (60) 0.48
ent B 1 (3.3) 0.888 0 0.65
ent C 21 (67.7) 0.001 4 (80) 0.07
ent D 1 (3.2) 0.817 0 0.71
ent E 29 (93.5) 0.03 3 (60) 0.28
tsst-1 22 (71) 0.723 4 (80) 0.56
eta 29 (93.5) 0.870 5 (100) 0.57
etb 3 (9.7) 0.695 2 (40) 0.05

Antibiotic resistance SCCmec I P value SCCmec II P

Penicillin G 31 (100) 0.533 5 (100) 0
Cefoxitin 20 (64.5) 0.207 2 (40) 0
Cephazolin 20 (64.5) 0.043 2 (40) 0
gentamicin 20 (64.5) 0.058 1 (20) 0
Kanamycin 27 (87.1) 0.012 4 (80) 0
Erythromycin 18 (58.1) 0.634 3 (60) 0
Tetracycline 22 (71) 0.64 3 (60) 0
Ciprofloxacin 23 (74.2) 0.038 3 (60) 0
Clindamycin 16 (51.6) 0.564 2 (40) 0
cotrimoxazole 10 (32.3) 0.721 1 (20) 0
Linezolide 0 0.533 0 0
MDR 20 (64.5) 0.165 3 (60) 0

* p < 0.05 is significant in bold.
Prevalence of mecA gene and the presence of antibiotic resis-
tance genes are reported in Table 3. Aside from penicillin, vanco-
mycin and linezolid, resistance to other antibiotics significantly
prevails in the presence of mecA and entE genes (p < 0.05).
Furthermore, we found that the occurrence of entA gene is signif-
icantly higher among the resistant isolates against cefoxitin,
tetracycline, gentamicin, ciprofloxacin, cephazolin and kanamycin
(p < 0.05). Furthermore, the MDR property was directly correlated
to the presence of mecA, entA and entE genes (p < 0.05). The fre-
quency of entC and etawas significantly higher in males (p < 0.05).
In addition, the frequency of entE-carrying strains was significantly
high in MRSA samples, while the frequency of etb containing iso-
lates was low in the same samples (Table 3). There was no signifi-
cant correlation between the presence of virulence genes and
gender, age, hospital wards or sample types.

3.4. Prevalence of SCCmec genes

31 (16.14%), 5 (2.6%), 95 (49.48%) and 7 (3.64%) out of 192 iso-
lates carried SCCmec type I, II, III and IV, respectively. The presence
of SCCmec type III was significantly higher among MRSA isolates
(p < 0.05, Table 3). As summarized in Table 5, the entA, entC and
entE genes were remarkably more prevalent among SCCmec type I
(p < 0.05). Moreover, the presence of the entE genes was signifi-
cantly higher within isolates having the SCCmec type III gene
(p < 0.05). Except penicillin G, kanamycin and linezolide, resistance
to all other tested antibiotics was more prevalent among the
SCCmec type III class (p < 0.05). Resistance to cephazolin, kana-
mycin and ciprofloxacin was observed with high frequency among
the SCCmec type I (p < 0.05) (Table 5). However, we found no sig-
nificant differences in terms of the pattern of SCCmec among
different age groups, genders, source of isolates and the hospital
wards to which patients were admitted (Table 6).

4. Discussion

Virulence factor profiles, antibiotic resistance pattern and the
genetic background of S. Areas strains have an impact on the clinical
manifestation of infection. It is believed that the expression of
genes responsible for virulence factors and toxins alters due to the
s.

lue SCCmec III N ¼ 91 (%) P value SCCmec IV n ¼ 7 (%) P value

1 74 (77.9) 0.119 4 (57.1) 0.311
3 4 (4.2) 0.668 5 (71.4) 0.653
8 43 (45.3) 0.135 3 (42.9) 0.676
0 3 (3.2) 0.925 0 0.659
9 83 (87.4) 0.002 7 (100) 0.165
7 65 (68.4) 0.634 6 (85.7) 0.312
3 87 (91.6) 0.715 7 (100) 0.503
1 4 (4.2) 0.069 1 (14.3) 0.527

value SCCmec III P value SCCmec IV P value

.816 93 (97.9) 0.151 7 (100) 0.782

.519 67 (70.5) 0.000 5 (71.4) 0.35

.720 65 (68.4) 0.000 5 (71.4) 0.205

.189 66 (69.5) 0.000 5 (71.4) 0.226

.735 76 (80) 0.581 6 (85.70 0.460

.791 67 (70.5) 0.000 5 (71.4) 0.35

.965 77 (81.1) 0.03 5 (71.4) 0.907

.901 74 (77.9) 0.000 5 (71.4) 0.441

.755 62 (65.3) 0.000 5 (71.4) 0.185

.722 50 (52.6) 0.032 4 (57.1) 0.484

.816 0 0.159 0 0.782

.755 70 (73.7) 0.000 5 (71.4) 0.323



Table 6
Pattern of demographic characteristics among clinical isolates with different SCCmec subtypes.

SCCmec I n ¼ 31 (%) P value SCCmec II n ¼ 5 (%) P value SCCmec III N ¼ 91 (%) P value SCCmec IV n ¼ 7 (%) P value

Sex
Female 9 (29) 0.823 2 (40) 0.649 32 (33.7) 0.380 3 (42.9) 0.479
Male 22 (74.2) 3 (60) 63 (66.3) 4 (57.1)
Source
Wound 23 (74.2) 0.915 4 (80) 0.990 60 (63.2) 0.227 1 (14.3) 0.324
pleural effusion 0 0 1 (1.1) 0
Urine 0 0 0 0
Ear 0 0 1 (1.1) 0
Blood 5 (16.1) 0 14 (14.7) 2 (28.6)
Stool 0 0 1 (1.1) 0
Tracheal aspirate 2 (6.5) 0 8 (8.4) 2 (28.6)
Sputum 1 (3.2) 0 5 (5.3) 1 (14.3)
Bail 0 1 (20) 3 (3.2) 1 (14.3)
Bone 0 0 0 0
Chest Tube 0 0 1 (1.1) 0
BAL 0 0 1 (1.1) 0
Synovial fluid 0 0 0 0
Age
0e10 years 0 0.475 0 0.017 4 (4.2) 0.930 0 0.601
11e20 years 4 (12.9) 1 (20) 11 (11.6) 1 (14.3)
21e30 years 1 (3.2) 1 (20) 8 (8.4) 0
31-40 years 0 0 4 (4.2) 0
41e50 years 9 (29) 0 19 (20) 3 (42.9)
51e60 years 6 (19.4) 1 (20) 19 (20) 0
61e70 years 6 (19.4) 0 16 (16.8) 1 (14.3)
71e80 years 4 (12.9) 0 9 (9.5) 1 (14.3)
81e90 years 1 (3.2) 2 (40) 4 (4.2) 1 (14.3)
91e100 years 0 0 1 (1.1) 0
Inward
Internal 4 (12.9) 0.263 0 0.097 21 (22.1) 0.226 3 (42.9) 0.532
Surgery 8 (25.8) 0 14 (14.7) 0
Orthopedic 3 (9.7) 3 (60) 18 (18.9) 0
Chemotherapic dep. 0 0 2 (2.1) 0
Pediatric 0 1 (20) 4 (4.2) 0
Urology 0 0 2 (2.1) 0
Emergency 5 (16.1) 0 10 (10.5) 1 (14.3)
ICU/CCU/VIP 11 (35.5) 1 (20) 24 (25.3) 3 (42.9)
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acquisition of resistance genes [20]. There are scarce data in the
literature on the link between genotype/phenotype of S. aureus and
clinical outcomes. In the context of cumbersome antibiotic therapy,
this study presents findings on comparing the presence of some
toxin genes, SCCmec genes and the pattern of antibiotic resistance
between MSSA and MRSA strains for the first time in Iran.

In order to do a thorough screening of MRSA isolates, we tested
each isolate both phenotypically and genotypically and determined
resistance to cefoxitin using disk diffusion and identified the mecA
gene by PCR. Our results correspond with the previous Iranian re-
ports published by Sadeghi et al., Moghadami et al., and Habibi et al.
which are approximately similar to our findings [21e23]. However,
Fatholahzadeh and his colleagues found a lower rate of MRSA
incidence (36%) [24]. Inconsistent with previous reports (predom-
inant MRSA strains among blood and pulmonary infections
occurred in a hospital settings) [7,25], our MRSA strains were more
prevalent among samples recovered from wounds in patients be-
tween 50 and 70 years of age and subjects admitted to ICU/CCU/VIP
departments.

We revealed that six cefoxitin-resistant isolates did not harbor
mecA.

The current study underscores the serious concern of spreading
MDR strains. 91.3% of MRSA isolates were MDR with the predom-
inant resistance to penicillin G, while only 8% of MSSA strains were
identified as MDR with the main resistance to kanamycin, eryth-
romycin and ciprofloxacin. Furthermore, resistance to all antibiotics
tested here except to penicillin G and linzolideweremore prevalent
in MRSA isolates. However, linzolide was significantly more active
on MSSA than MRSA. Rising resistance to two new antibiotics,
vancomycin and linzolide, is alarming for the treatment of noso-
comial infections. Though, they have been known as efficient
agents so far, it requires to devise a new effective alternative. In the
current study, vancomycin MIC for the minority of isolates was
higher than 2 mg/ml which has increased compared to previous
Iranian reports and indicates that vancomycin may become ineffi-
cient against S. aureus in near future. Recent report by Han et al.
[26] revealed a strong association between rising vancomycin MIC
and MRSA and SCCmec type II but studies performed in Korea and
China showed no relationship between the type of SSCmec genes
and agr dysfunction [27,28]. Findings obtained here showed a
remarkable association between the increase of vancomycin MIC
and the occurrence of MDR, MRSA and SCCmec type III properties.
These findings suggest the emergence of new super resistant
strains which can have a negative impact on the public health.

In accordance with previous data from Iran, there is a remark-
ably higher rate of resistance to clindamycin, erythromycin,
gentamicin, kanamycin, tetracycline, ciprofloxacin and cotrimox-
azole among our MRSA isolates [21]. This observation suggests that
these antibiotics are not efficient enough to combat infections and
their prescription should be supported by the knowledge of
circulating resistant strains in the community.

Consistent with previous reports in Iran [7,21,24], findings from
the current study demonstrated that the most predominant
SCCmec genewas type III (49.48%) followed by type I (16.4%), which
may be due to horizontal gene transfer. Except in Japan and Korea,
the SCCmec type III is the dominant type in the majority of Asian
countries, including Arab countries, Vietnam, Thailand, Indonesia,
Singapore, India and China [29]. Resistance to cefoxitin, cephazolin,
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gentamicin, erythromycin, tetracycline, clindamycin and cotri-
moxazole was significantly higher in SCCmec type III. Other sig-
nificant results were the prevalence of some toxin genes among
different SCCmec type strains.

Here, the majority of isolates possessed a varied number of toxin
genes, ranging from zero to six genes. The main toxin in our study
was eta (92.7%) followed by entE (78.64%) and entA (72.91%). This
frequency was higher than the one in the reports from Turkey [30].
We showed that the entA, entC and entE genes were significantly
frequent in SCCmec type I, whereas entE was prevalent in SCCmec
type III. In addition, there were no entB- and entD-positive strains
within the SCCmec type II population. None of SCCmec type IV
carried the entD gene. We showed that there are marginal differ-
ences in the distribution of toxin genes among four SCCmec types
which is in contrast to the previous reports [31e33]. Collins et al.
and Jimenez et al. reported opposing data showing that antibiotic
resistance and virulence factors demonstrated different pattern
based on the type of SCCmec gene [20,34]. They recognized atten-
uation of toxin secretion in SCCmec type II but more various ranges
of toxin expression in SCCmec type IV.

This research has verified that entE and etb were significantly
more frequent among MRSA and MSSA strains, respectively. In
contrast to the common belief that MRSA strains have higher rate of
enterotoxins [30,35e38], we found that both MRSA and MSSA have
similar patterns of enterotoxin distribution.

In conclusion, according to our findings, MSSA isolates should be
considered as important as MRSA strains due to harboring broad
spectrum virulence factor genes which can act as potential sources
of infection. . Moreover, discrepancies between our data and other
reports in terms of variation in toxin patterns may be due to
geographical differences.

The current study includes some limitations. The authors had no
access to the information concerning clinical outcomes, mortality
and association between clinical manifestations, severity of dis-
eases and in vivo detection of toxins.
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