
Background 
Staphylococcus aureus is considered as one of the most 
essential bacterial pathogens in humans that can cause 
various infections in patients ranging from skin infections 
to fatal necrotizing pneumonia, bacteremia, and 
endocarditis (1). Methicillin-resistant S. aureus (MRSA) 
is one of the important pathogens that is responsible 
for many nosocomial infections. First, MRSA was 
identified only in the hospitals, but 30 years later, the 
first virulent MRSA was acquired from the community 
(2). The resistance to methicillin in S. aureus is induced 
by the presence of the mecA gene, encoding low-affinity 
penicillin-binding protein PBP2a (78 KD) (3,4). MRSA 
has a mobile genetic element staphylococcal cassette 
chromosome mec (SCCmec) carrying the mecA gene. 
(5- 7) SCCmec elements in S. aureus are as unique 
genomic islands with 2 essential components (i.e., the ccr 
and the mec gene complexes) and J region (5,8,9). The 
ccr gene complex is composed of ccr genes encoding 2 
site-specific recombinases (ccrA and ccrB), and the mecA 

gene complex contains mecA and regulatory genes mecI 
and mecR. (6,10,11) Zhang et al defined 8 different types 
of SCCmec in the combination of ccr and mec complex. 
While types I-V were widespread (12), other types existed 
in the strains of the country from which they were 
originated (13,14). SCCmec exchange between species is 
related to the ccr gene expression (15). Several allotypes of 
ccr and mec gene are classified in SCCmec. The 5 allotypes 
of the ccr gene complex include ccrAB1, ccrAB2, ccrAB3, 
ccrAB4, and ccrC (16,17), and 5 classes of the mec gene 
complex (types I-V) were described and SCCmec type IV 
has 8 individual subtypes (18,19). 
The site-specific recombination of SCCmec is catalyzed 
by its encoded ccr recombinases, ccrA and ccrB for types 
I to IV and ccrC for type V. In addition, ccrA and ccrB 
belong to a family of large serine invertase and resolvases 
which consist of resolvases, invertases, phage integrases, 
and transposases (6,20). 

Further, ccrB gene as a target gene is often chosen 
because the sequence is highly conserved compared to the 
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Abstract
Background: Staphylococcus aureus is one of the most important pathogens acquired from the hospital 
and community. Increasing the resistance of S. aureus to antibiotics is a major health concentration, and 
thus the study of antibiotic resistance in S. aureus is very important. The aim of this study is to determine 
the typing of methicillin-resistant S. aureus (MRSA) in the region of the ccrB gene by polymerase chain 
reaction-restriction fragment length polymorphism (PCR-RFLP). 
Methods: One hundred and six S. aureus were isolated from urine, blood, sputum, wound, and the 
trachea of patients hospitalized in Tehran during (March-April) 2016. Antibiotic susceptibility test was 
done by the disk diffusion method according to the Clinical and Laboratory Standards Institute (CLSI). 
In addition, molecular typing for staphylococcal cassette chromosome mec (Sccmec) type I-V was 
performed in MRSA isolates, followed by conducting PCR-RFLP by restriction enzymes BsmI and HinfI 
in the ccrB gene area. 
Results: PCR and typing showed that type II SCCmec was 40% (n=20), followed by types III (28, 56%), 
IVc (12, 24%), I (11, 22%), V (9, 18%) IVa (7, 14%), and IVb (5, 10%). However, SCCmec type IVd was 
not observed in the isolates. Finally, after the amplification of ccrB gene and RFLP, all isolates the same 
as the typing method represented types I, II, III, IVa, IVb, and IVc while no type V was detected by this 
method. 
Conclusions: The results of this study demonstrated that SCCmec (type I-IV) can be detected by PCR-RFLP 
in the ccrB gene, but this method identified no type V SCCmec in MRSA. 
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ccrA gene (21). 
Molecular techniques for the typing of the used 

microbes include PFGF, methods based on restriction 
enzyme, the analysis of plasmid, and DNA typing 
method based on polymerase chain reaction (PCR) (22). 
Pulse-field gel electrophoresis and multi-locus sequence 
typing are the best techniques for phenotypic and 
genotypic studies, but the most important problems of 
this method are the technical complexity, high cost, as 
well as a longer process (23). Studies suggest that PCR 
restriction fragment length polymorphism (PCR-RFLP) 
can be replaced by these expensive and time-consuming 
techniques (22). Antibiogram is regarded as one of the 
most important typing methods in many hospitals since 
it is easily standardized (24). 

Objectives 
The aim of this study was the molecular typing of ccrB 
gene in MRSA by RFLP. 

Materials and Methods 
Bacterial Isolates 
A total of 106 specimens doubtful to S. aureus were 
isolated from blood, urine, wound, nasal fluid, and the 
sputum of patients hospitalized in Milad hospital during 
March-April 2016. S. aureus isolates were identified based 
on gram-staining, catalase, coagulase test, and growth on 
the mannitol salt agar. 

Antibiotic Susceptibility Test 
The presence of the mecA gene and resistance to 
methicillin in S. aureus was confirmed by the oxacillin/ 
cefoxitin-resistant in all isolates. In addition, the 

antibiotic susceptibility test was performed by the disk 
diffusion method according to CLSI 2017. Further, the 
tested antibiotics were oxacillin (30 μg)⁄cefoxitin (30 μg) 
prepared from Padtan Teb. S. aureus ATCC 25923 was 
used as the control strain in the antibiotic susceptibility 
test. 

DNA Isolation 
MRSA isolates were cultured on brain heart infusion 
agar and incubated overnight in 37ºC. The bacteria were 
harvested from the medium and washed by the saline 
buffer. Then, DNA was extracted by the boiling method 
and the quality of the DNA was determined by the 
electerophores (25). 

Amplification of SCCmec Type 
Multiplex PCR for the detection of MRSA isolates SSCmec 
Type (I-V) were previously optimized for standard strains 
by Ito and Katayama (10). The primers of SCCmec types 
I–V including type IV subtypes (Table 1) were previously 
selected and reported (26). Further, the PCR mixture 
(Cinnagen) contained 12.5 μL of master mix (400 μm of 
dNTPs, 3 mM mgcl2, and 1.2 u Taq polymerase), 9.5 μL 
nuclease-free water, 10 pM each primer, and 1 μg DNA. 
Furthermore, the amplification for SCCmec types I, II, 
III, and V was performed by initial denaturation at 95ºC 
for 5 minutes, followed by 30-cycle denaturation at 95ºC 
for 30 seconds, annealing at 58ºC for 1 minute, and  
extension at 72ºC for 2 minutes. Moreover, the multiplex 
PCR carried out for IV subtypes encompassed the initial 
denaturation at 95ºC for 5 minutes, followed by 30-cycle 
denaturation at 95ºC for 30 seconds, annealing at 59ºC 
for 30 seconds and extension at 72ºC for 2 minutes, as 

Table 1. The Profile of SCCmec Type Specific Primers

Primer Orientation Primer sequence Target Gene Size (bp)

Type I Forward
Reverse

GCTTTAAAGAGTGTCGTTACAGG
GTTCTCTCATAGTATGACGTCC ORF E008 of strain NCT C10442 613

Type II Forward
Reverse

GATTACTTCAGAACCAGGTCAT
TAAACTGTGTCACACGATCCAT kdpE of strain N315 287

Type III Forward
Reverse

CATTTGTGAAACACAGTACG
GTTATTGAGACTCCTAAAGC J1 region of SCCmec Type III 243

Type Iva Forward
Reverse

GCCTTATTCGAAGAAACCG
CTACTCTTCTGAAAAGCGTCG ORF CQ002 of strain CA05 776

Type IVb Forward
Reverse

AGTACATTTTATCTTTGCGTA
AGTCATCTTCAATATGGAGAAAGTA J1 region of SCCmec type IVb 994

Type IVc Forward
Reverse

TCTATTCAATCGTTCTCGTATT
TCGTTGTCATTTAATTCTGAACT IVc element of strain 81/108 677

Type IVd Forward
Reverse

AATTCACCCGTACCTGAGAA
AGAATGTGGTTATAAGATAGCTA CD002 in type IVd 1242

Type V Forward
Reverse

GAACATTGTTACTTAAATGAGCG
TGAAAGTTGTACCCTTGACACC ORF V011 of strain JCSC3624 325

ccrB Forward
Reverse

GGCTATTATCAAGGCAATTTACC
ACTTTATCACTTTTGACTATTTCG 643
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well as ending by final extension at 72ºC for 8 minutes 
and hold step at 5ºC. Finally, PCR products were 
electrophoresed in 1.5% gel agarose containing 1 μL safe 
stain and image supplied by UV transilluminator and gel 
document. 

Amplification of ccrB Gene 
The primer sequence for the amplification of the ccrB gene 
was selected from the study by Yang et al (22) (Table 1). 
The total volume of PCR master mix was 50 μL containing 
25 μL of master mix (400 μm of dNTPs, 3 mM mgcl2, 
and 1.2 u Taq polymerase), 20 μL nuclease-free water, 1.5 
μL (10 pM) each primer, and 2 μL chromosomal DNA. 
Moreover, the cycling conditions included an initial step 
at 94ºC for four minutes, followed by 30 cycles of 94°C 
for 30 seconds, 59°C for 1 minute, 72°C for 2 minutes, 
and the final step 72°C for 8 minutes. 

Polymerase Chain Reaction-Restriction Fragment Length 
Polymorphism 
RFLP was used to detect the molecular typing of SCCmec 
(22). After the amplification of the ccrB gene in the 
MRSA strain, the PCR product was digested by HinfI 
and BsmI enzymes. Additionally, the digestion reaction 
was performed in two steps as follows. 
Step 1: PCR products were mixed with 17 μL nuclease-free 
water, one unit HinfI (Fermentas), and a two-unit buffer 
in a final reaction volume of 30 μL and then incubated at 
37°C for 16 hours. 

Step 2: A total of 10 μL of step 1 product was mixed with 
17 μL nuclease-free water, one unit BsmI (Fermentas), and 
a two-unit buffer in a final reaction volume of 30 μL and 
incubated at 37°C for 10 minutes, followed by adding 
2 μL ethylenediaminetetraacetic acid (EDTA) (0.5 M) 
and incubating at 80°C for 20 minutes. The restriction 
fragments were separated by 2% agarose gel electrophoresis 
in Tris-acetate-EDTA buffer for 50 minutes at 90 V 
and stained by the ethidium bromide. Eventually, SPSS 
Statistics, version 22 was used to analyze the data. 

Results 
Bacterial Isolates 
Staphylococcus aureus from the clinical samples in Milad 
hospital were isolated from different sources including 
(n=32, 30.1%) urine, (n=18, 17%) blood, (n=21, 19.8%) 
wound, (n=15, 14.15%) trachea, (n= 9, 8.5%) nasal fluid, 
and (n=11, 10.4%) sputum. 

The average age of the evaluated patients was 45 years 
with a minimum of 15 and a maximum of 75 years. In 
addition, 45 and 61 strains were collected from men 
(42.45%) and women (57.54%), respectively. 

Antibiotic Susceptibility Test 
Antibiotic susceptibility of 106 strains of S. aureus to 
cefoxitin/oxacillin showed that 50 (47.1%), 36 (34%), 

and 20 (18.9%) isolates were resistant, susceptible, and 
intermediate, respectively. Fifty strains as MRSA were 
used for the molecular typing of SCCmec. 

SCCmec Typing 
A clear discriminated band pattern was obtained for all five 
types and subtypes of the main SCCmec using the PCR 
(Figure 1) and multiplex PCR (Figure 2). The individual 
PCR band size of each fragment for SCCmec types I, II, 
III, V, IVa, IVb, IVc, and IVd were 613, 287, 200, 325, 
776, 994, 677, and 1242 bp, respectively. All the MRSA 
strains were positive in a certain SSCmec type. The most 
common type was type III (56%) while IVd subtype was 
not detected in this study (Figure 3). 

Rapid Typing 
After the amplification of the ccrB gene, the PCR product 
was used to digest the two steps of PCR-RFLP (22). 
SCCmec typing method was applied for 50 strains of 
MRSA isolates. The results in electrophoresis were shown 
as type I with 1 band of 404 bp, type II with 1 band of 
530 bp, type III with 2 bands of 218 and 225 bp, type Iva  
with 2 bands of 311 and 200 bp, type IVb with 2 bands of 
530 and 600 bp, as well as type IVc with 3 bands of 311, 
530, and 600 bp (Figure 4). Type IVd established 3 bands 
of 154, 225, and 264 bp, but type IVd was not detected in 
this study. This protocol is a suitable method for the rapid 
typing of the SCCmec element types I to IV, but the PCR-
RFLP method is not likely to identify type V. 

Figure 1. The Amplification of S. aureus SSCmec Type: (a) Type 
I, (b) Type II, (c) Type III, and (d) Type V.

Figure 2. Staphylococcus aureus SCCmec Type IV: MW: Marker 
3kb + 100 bp, 1, 2: Type IVa; 3, 4: Type IVb; 5, 6: Type IVc; 7, 
8: IVd, 9: Negative control.

Figure 3. The Frequency of SSCmec Type and Subtype.

Figure 4. Agarose Gel Electrophoresis Showing 6 PCR-RFLP 
Patterns of Types I to IV Digested by HinfI (one step), as well as 
HinfI and BsmI (two steps).

Figure 1. The Amplification of S. aureus SSCmec Type: (a) Type I, (b) 
Type II, (c) Type III, and (d) Type V.

Figure 2. Staphylococcus aureus SCCmec Type IV: MW: Marker 
3kb + 100 bp, 1, 2: Type IVa; 3, 4: Type IVb; 5, 6: Type IVc; 7, 
8: IVd, 9: Negative control.
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Discussion 
Methicillin-resistant (MRSA) gene in S. aureus is coded by 
chromosomal cassette mec and contains five main types of 
SCCmec. These organisms cause severe rates of disease and 
mortality worldwide. In the present study, 100 samples of 
S. aureus strains were isolated from hospitalized patients. 
The antibiotic susceptibility test revealed that 50 strains 
were resisted to oxacillin/cefoxitin. Further, methicillin 
resistance in staphylococci isolated from clinical samples 
by Rahbar was 53% in Tehran and 51% of MRSA were 
also reported in Turkey (27). 

In this study, SCCmec typing was performed on 50 
MRSA strains and all strains were typeable encompassing 
types III (28 cases), II (20), IVc (12), I (11), V (14), IVa 
(7), IVb (5), and IVd (0). Types III and IV were identified 
as the dominant types in this study, which mainly cause 
multi-drug resistant leading to increased health problems, 
especially in the hospital. Furthermore, types III and II 
exist together in 20% of MRSA strains and types II, III, 
IVb, and V were present together only in one bacterium 
although SCCmec type was observed in none of the cases 
4, 5, 6,... Four subtypes of SCCmec type IV were not 
detected together in any strains. 
Amiri et al evaluated 3 type I SCCmec, 12 type II 
SCCmec, 8 type IVb SCCmec, 4 type IVd SCCmec, and 

3 type V SCCmec isolates. The findings revealed different 
types of SCCmec carries in MRSA strains in a hospital in 
Kashan and two dominant types in this study were types 
II and IV SCCmec (28). In another study, Abdollahi et 
al identified that 15 cases related to types I, IV, and V 
and 63 cases belonged to types II and III. Moreover, the 
highest type related to different types of II (34 cases), III 
(29 cases), and other types were I (6 cases), V (six), and IV 
(three) (29). The typing of MRSA using M-PCR included 
types III (33.33%), IV (43.33%), and V (23.33%), (12), 
which is somewhat similar to our study. Several studies 
indicated that SCCmec type III was to be circulating 
in Iranian hospitals and other Asian countries (30-32) 
and SCCmec type IV was the most frequent isolation of 
MRSA in healthy carries (33) whereas SCCmec type V 
was dominant in methicillin-resistant S. haemolyticus (31) 
in Iran. 
In Slovenia, from 31 strains of MRSA, 16 isolates 
(51.6%) of SCCmec type IV, 7 (22.5%) and 2 (5.6%) 
strains were of SCCmec types I and III, respectively, and 6 
strains (19.4%) were classified as non-typed. In Malaysia, 
among the 66 observed strains of MRSA, 52 cases 
(78.8%) were of SCCmec type III and 12 cases (18.18%) 
belonged to SCCmec type II (34). Chongtrakool et al 
showed that SCCmec type III was the most common 
type of mecA in 8 Asian countries (35). These differences 
in the literature indicate that different locations and the 
variety of treatment may affect the epidemic distribution 
of SCCmec type in the world. 
The distribution of SCCmec in nature is limited to 
relatively few clonal complexes of related MRSA (36). 
The majority of epidemic H-MRSAs carries SCCmec 
types I, II or III (18). SCCmec subtype IVa or IVb carries 
non-oxacillin-resistant S. aureus strains (26), but SCCmec 
subtype IVc was observed in the hospital-acquired strains 
(37). Additionally, SCCmec IV is present in diverse 
genetic backgrounds, which suggests that type IV is a 
mobile element (38). 

In this study, rapid SCCmec typing was investigated 
by the PCR-RFLP for the ccrB gene using two Hinfl 
and BsmI enzymes in MRSA, which matched the results 
obtained by the PCR assay. Similarly, SCCmec types II 
and IV were identified by one-step digestion with HinfI. 
In addition, 24 (12 IVc, 7 IVa, and 5 IVb subtypes, 
respectively) isolates of SCCmec type IV and 20 isolates  
of SCCmec type II were successfully discriminated by 
one-step digestion. The second step with BsmI digestion 
is necessary for discriminating of SCCmec type I and III. 
In general, 28 isolates of SCCmec type III and 11 isolates 
of SCCmec type I were detected in the second step. 

Zhang et al detected SCCmec types IV, II, and III by 
the PCR-RLFP method. However, no SCCmec type I 
strains was found among the clinical MRSA isolates in 
this study (14). Type V cannot be identified by the PCR-

Figure 3. The Frequency of SSCmec Type and Subtype.

Figure 4. Agarose Gel Electrophoresis Showing 6 PCR-RFLP Patterns 
of Types I to IV Digested by HinfI (one step), as well as HinfI and 
BsmI (two steps).



 Avicenna J Clin Microbiol Infect, Volume 6, Issue 4, 2019                                                             104

Noorbakhsh et al

RFLP method since the ccrB gene of types I to IV has 
37.4% homology to the ccrC gene of type V at the nucleic 
acid level (39,40). 

Conclusions 
The findings revealed that using the PCR-RFLP method 
can be used to identify different types of staphylococcal 
cassette chromosome mec (SCCmec). This method can 
replace the original method with eight pairs of primers 
for SCCmec typing whereas the PCR-RFLP method is 
only performed with one pair of primers and one or two 
restriction enzymes. 
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