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ABSTRACT 

Molecular typing techniques have been employed in the 

epidemiological study of methicillin-resistant S. aureus (MRSA) and 

methicillin-resistant coagulase-negative staphylococci (MRCoNS) to 

identify the staphylococcal cassette chromosome mec (SCCmec) 

elements. The aim of this study was to determine the prevalence and 

diversity of SCCmec types in the isolates obtained from four hospitals 

in south-south, Nigeria. A total of 149 staphylococcal isolates were 

obtained from clinical samples from March through September, 2015. 

They were identified and SCCmec typing was done using single-target 

PCR. The prevalence of methicillin-resistant staphylococci (MRS) in 

this study was 53.7%. SCCmec type II was the most prevalent with 

43.0% while for cassette chromosome recombinases (ccr) typing, ccrC 

(type5) was the predominant with 44.2%. Nineteen (22.1%) of the 

MRS isolates were non-typeable for both ccr and mec gene complexes. There is a need to 

curb the spread of MRS in south-south, Nigeria.  
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INTRODUCTION 

Staphylococcus aureus, a common and important human pathogen causing nosocomial and 

community-acquired infections can colonize the anterior nares and skin in both adults and 

children. The infections of the bacterium cause significant morbidity and mortality in both the 

community and hospital settings. The infections range from superficial skin and soft tissue 

infections to bacteremia, endocarditis, osteomyelitis, etc.
[1]

 

 

Methicillin-resistant S. aureus (MRSA) strains are characterized by the presence of a large 

heterologous mobile genetic element called staphylococcal cassette chromosome mec 

(SCCmec) which includes the mecA gene, the central element of methicillin resistance. 

Besides the mec gene complex (consists of mecA gene and its regulators, mecI and mecR1), 

SCCmec contains the cassette chromosome recombinases (ccr) gene complex. The ccr genes 

(composed of ccrC or a pair of ccrA and ccrB) encode recombinases mediating integration 

and excision of SCCmec into or from the chromosome. The ccr genes and surrounding genes 

form the ccr gene complex.
[2] 

In addition to ccr and mec gene complexes, SCCmec contains a 

few other genes and various other mobile genetic elements such as: insertion sequences, 

transposons and plasmids.
[3]

 

 

The presence of mecA causes the resistance of S. aureus to methicillin. Penicillin binding 

protein 2a (PBP2a) encoded by mecA has a low affinity for all β-lactam antibiotics compared 

to other PBPs. In the presence of a β-lactam antibiotic, the peptidoglycan layer with PBP2a is 

not disrupted and the resistant bacterium can survive.
[4,5]

 

 

Coagulase-negative staphylococci (CoNS) comprise a variety of Staphylococcus species and 

they are opportunistic pathogens commonly associated with infections in patients with 

indwelling devices or being immunocompromised. CoNS are usually resistant to methicillin 

due to the presence of SCCmec.
[3]

 Methicillin-resistant CoNS (MRCoNS) serve as a large 

reservoir of SCCmec. Characterization of SCCmec in MRCoNS can generate useful 

information on the mobilization and evolution of this element.
[3]

 

Various molecular typing techniques were used in the epidemiological study of MRSA and 

MRCoNS to identify the SCCmec elements based on the combination of the two essential 

components, the mec and ccr gene complexes. To date eleven different types of SCCmec (I-
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XI) and five allotypes of the ccr gene complexes (ccrAB1, ccrAB2, ccrAB3, ccrAB4 and 

ccrC) have been reported.
[4,3,6]

 Generally, SCCmec types I, II, III, VI and VIII are called 

hospital-acquired MRSA or (HA-MRSA). Types IV, V and VII are named as community-

acquired (CA-MRSA) while types IX, X and XI are named as livestock-associated MRSA 

(LA-MRSA).
[6,7]

 

 

Several studies have been conducted globally to determine the prevalence of various SCCmec 

types in different regions of the world. SCCmec types I-V are globally distributed, whilst 

others appear to exist as local strains in the country of origin.
[8,4,9]

 In Nigeria, available data 

on SCCmec types in our hospital environments are still relatively limited or absent in some 

regions when compared to information from developed countries. 

 

The present study was designed and carried out to determine the prevalence and diversity of 

SCCmec types in MRSA and MRCoNS isolates obtained from tertiary health institutions in 

south-south, Nigeria.    

 

MATERIALS AND METHODS   

Sample collection 

A total of 149 staphylococcal isolates were collected from clinical samples in four tertiary 

hospitals (Igbinedion University Teaching hospital, Okada, Edo state; University of Benin 

Teaching hospital, Benin, Edo state and two tertiary hospitals in Warri and Abraka in Delta 

state) in south-south, Nigeria. The samples were collected from eyes, ear, urethra, wound, 

mouth, vagina, semen, stool, sputum, urine and synovial fluid of patients from March through 

September, 2015. Each hospital ethics committee approval was received. The samples were 

directly inoculated onto blood and mannitol salt agar for 24 - 48 hours at 37
o
C. 

 

Bacterial isolates 

All the staphylococcal isolates obtained in this study were identified using standard 

microbiological methods which included: colonial morphology, Gram staining, DNase, 

catalase, coagulase and mannitol fermentation tests.
[10]

 

 

Methicillin-resistant staphylococcal isolates were identified by resistance to oxacillin disc (5 

µg; Oxoid, United Kingdom) as described by Okwu, et al.,
[11]

 Control strains used were S. 

aureus USA300 as methicillin-resistant and SH1000 as methicillin-susceptible S. aureus. 

 

 

http://www.wjpps.com/


www.wjpps.com                              Vol 5, Issue 7, 2016.                                            

            

 

94 

Okwu et al.                                   World Journal of Pharmacy and Pharmaceutical Sciences 

DNA Extraction 

Extraction was carried out using DNeasy blood and tissue kit (Qiagen, Germany) according 

to manufacturer’s instructions. The enzyme lysostaphin (200µl/ml) was included. The DNA 

concentrations in the final eluates were measured with a spectrophotometer nanodrop 

(Isogen, ND1000). 

 

Polymerase Chain Reaction (PCR) assay 

To confirm the identity of S. aureus, CoNS, methicillin-resistant staphylococci, SCCmec and 

ccr types of the isolates, single-target PCR assay was performed using 17 different sets of 

primers (Table 1) specific for the target genes and S. aureus control strains USA300, 

JCSC4469, WIS, Q2314, 8/6-3P, COL, BK2464, ANS46, MW2 and HDE288. 

 

PCR thermal cycling conditions included initial denaturation at 94
o
C for 4 minutes, followed 

by 30 cycles of 94
o
C for 30 seconds, 53

o
C - 60

o
C for 30 - 45 seconds, 72

o
C for 1 minute and 

ending with a final extension step at 72
o
C for 10 minutes, followed by a hold at 10

o
C. PCR 

reagent used in this study was TaKaRa Ex Taq (Japan, Cat. No. RR001A). 

 

Gel electrophoresis of PCR product was carried out by using 1% agarose gel containing 

0.05µl/ml SYBR safe in 0.5X TAE buffer at 135V for 23 minutes. The DNA bands were 

visualized with a gel documentation system. The sizes of the bands were determined by 

comparison with a DNA ladder (Gene Ruler 
TM

, 1kb). 

 

Statistical analysis 

Percentages, chi square and fisher’s exact tests using SPSS version 16.0 were applied for the 

analysis of data obtained in this study. A p value < 0.05 was considered as statistically 

significant. 

 

RESULT 

A total of 149 staphylococcal isolates were obtained from clinical samples of patients from 

four tertiary hospitals in south-south, Nigeria. Of the 71 (47.7%) staphylococcal isolates 

obtained from male subjects, 39 (26.2%) were methicillin-resistant staphylococci (MRS) 

while 75 (50.3%) staphylococci and 40 (26.8) MRS isolates were from female subjects 

(Table 2). The prevalence of the MRS (MRSA and MRCoNS) isolates in this study was 

53.7%. The distribution of staphylococci and MRS isolates were highest in the age group of 

20 – 29 years with 34.9 and 16.8 respectively; followed by 30 – 39 years with 18.1% and 
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10.7% respectively (Table 3). There was no significant difference (p > 0.05) in the 

distribution of staphylococci and MRS isolates with respect to sex (p = 0.53) and age (p = 

0.84) in this study. 

 

Of the 104 staphylococcal isolates selected for screening for mecA gene using single-target 

PCR assay, 86 (82.7%) were mecA positive, 15 (14.4%) were mecA negative while 3 (2.9%) 

were non-typeable. For oxacillin disc diffusion test, 76 (73.1%) were oxacillin positive, 23 

(22.1%) were negative while 5 (4.8%) were intermediate (Table 4). There was no statistically 

significant difference  between the two methods used in this study for screening for MRS 

isolates. 

 

As shown in Table 5, Figures 1 and 2, of the 86 mecA gene positive (MRS) isolates, 61 

(70.9%) were MRSA while 25 (29.1%) were MRCoNS isolates. Six SCCmec types (II, III, 

IVa, IVc, V and VI) and four ccr (ccrAB1, ccrAB2, ccrAB3 and ccrC) types were identified 

among the MRSA and MRCoNS isolates in this study. SCCmec type II was the most 

prevalent with 37 (43.0%) isolates followed by type III with 10 (11.6%), then type IVa with 4 

(4.7%). SCCmec types IVc, V and VI were each 2.3%. For ccr typing, ccrC (type 5) was 

observed to be predominant with 38 (44.2%) isolates, followed by ccrAB2 (type 2) with 19 

(22.1%), then ccrAB1 (type 1) with 4 (4.7%) and the least was ccrAB3 (type 3) with 3 (3.5%). 

ccrAB4 (type 4) was not identified in the study and 22 (25.6%) of the MRS isolates were non-

typeable for ccr gene complex. Of the SCCmec type II MRS isolates, 22 (25.6%) carried 

ccrC complex; 9 (10.5%) carried ccrAB2 complex; 3 (3.5%) which were only MRSA isolates 

carried ccrAB1 complex while 3.5%, were non-typeable for ccr gene complex. In this study, 

only the MRSA isolates carried SCCmec type III with ccrC complexes. No MRCoNS isolates 

with SCCmec III and IVa types were observed. All the MRS isolates with SCCmec IVa and 

IVc had ccrAB2 type only. Types V and VI were only found in MRCoNS isolates. For type V 

isolates, 1.2% carried either ccrAB3 or ccrC type each while the type VI isolates carried the 

ccrAB3 type only. In this study, 10 (11.6%) of the MRS isolates could only be assigned the 

ccr but not the SCCmec types while 19 (22.1%) were non-typeable (for both the mec and ccr 

gene complexes).  
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Table 1. Primers and control strains used in this study 

Primer                           Specificity                            Sequence (5'                                           Size (bp)           Control strain     References 

16S rRNA-F               All Staph                            GCAAGCGTTATCCGGATTT                          597                    USA300             2, 12  

16S rRNA-R                                                CTTAATGATGGCAACTAAGC 

femA-F                    S. aureus                               CGATCCATATTTACCATATCA                       450                     USA300           2, 12 

femA-R                                                      ATCACGCTCTTCGTTTAGTT 

mecA-F                     MRSA                                ACGAGTAGATGCTCAATATAA                        293                      USA300           2,12 

mecA-R                                                     CTTAGTTCTTTAGCGATTGC 

Type I-F                  SCCmec I                              GCTTTAAAGAGTGTCGTTACAGG                   613                      COL                  2, 8 

Type I-R                                                    GTTCTCTCATAGTATGACGTCC                                                                         

KDP F1                       SCCmec ll                            AATCATCTGCCATTGGTGATGC                    284                     BK2464             2, 23 

KDP R1                                                      CGAATGAAGTGAAAGAAAGTGG                                                                        

RIF5 F10                 SCCmec III                               TCTTAAGTACACGCTGAATCG                    414                     ANS46                 2, 23 

RIF5 R13                                                      ATGGAGATGAATTACAAGGG 

Type IVa-F               SCCmec IVa                           GCCTTATTCGAAGAAACCG                          776                    MW2                       2, 8  

Type IVa-R                                                 CTACTCTTCTGAAAAGCGTCG                                                                          

Type IVb-F               SCCmec IVb                              TCTGGAATTACTTCAGCTGC                        493                  8/6-3P                  2, 8    

Type IVb-R                                                     AAACAATATTGCTCTCCCTC                                                                             

Type IVc-F               SCCmec IVc                             ACAATATTTGTATTATCGGAGAGC                200                 Q2314                 2, 8   

Type IVc-R                                                     TTGGTATGAGGTATTGCTGG                                                                             

Type IVd-F5            SCCmec IVd                              CTCAAAATACGGACCCCAATACA                881                 JCSC4469            2, 8 

Type IVd-R6                                                  TGCTCCAGTAATTGCTAAAG                                                                             

Type V-F               SCCmec V                                 GAACATTGTTACTTAAATGAGCG                   325                   WIS                     2, 8       

Type V-R                                                      TGAAAGTTGTACCCTTGACACC                                                                                     

DCS F2                SCCmec I, II, IV & VI                  CATCCTATGATAGCTTGGTC                        342                 HDE288                  2, 8   

DCS R1                                                       CTAAATCATAGCCATGACCG 

βc                         ccrB                                           ATTGCCTTGATAATAGCCITCT                                                                                  6 

α1                         ccrA1                                        AACCTATATCATCAATCAGTACGT                695                  COL                        2, 6 

α2                         ccrA2                                       TAAAGGCATCAATGCACAAACACT                937                  BK2464                  2, 6          

α3                         ccrA3                                     AGCTCAAAAGCAAGCAATAGAAT                  1,791                ANS46                    2, 6       

α4.2                      ccrAB 4                                    GTATCAATGCACCAGAACTT                        1,287                HDE288                   2, 6     

β4.2                                                         TTGCGACTCTCTTGGCGTTT 

γR                         ccrC                                        CCTTTATAGACTGGATTATTCAAAATAT          518                 WIS                       2, 6   

γF                                                            CGTCTATTACAAGATGTTAAGGATAAT 

Key: F= forward; R= reverse; I= inosine. 

 

Table 2. Distribution of staphylococci and MRS in male and female subjects 

Sex 
Frequency/Percentage (%) 

Staph MRS 

Male 71 (47.7) 39 (26.2) 

Female 75 (50.3) 40 (26.8) 

SNA 3 (2.0) 1 (0.7) 

Total 149 (100) 80 (53.7) 

P = 0.53 

Key: staph = staphylococci; MRS = methicillin-resistant staphylococci; SNA = Sex not 

assigned. 
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Table 3. Distribution of staphylococci and MRS in different age ranges 

Age range Frequency/Percentage(%) 

 Staph MRS 

0 – 9 12 (8.1) 3 (2.0) 

10 – 19 13 (8.7) 9 (6.0) 

20-29 52 (34.9) 25 (16.8) 

30-39 27 (18.1) 16 (10.7) 

40-49 11 (7.4) 7 (4.7) 

50-59 7 (4.7) 4 (2.7) 

60-79 1 (0.7) 1 (0.7) 

70-79 5 (3.4) 1 (0.7) 

Ad 21 (14.1) 14 (9.4) 

Total 149 (100) 80 (53.7) 

P = 0.84 

Key: staph = staphylococci; MRS = methicillin-resistant staphylococci; Ad = Adult. 

 

Table 4. Comparison of two methods for the detection of MRS isolates 

No. of isolates 
Frequency/Percentage (%) 

oxacillin PCR mecA gene 

Positive/Resistant 76 (73.1) 86 (82.7) 

Negative/Sensitive 23 (22.1) 15 (14.4) 

Intermediate 5 (4.8) 0 

Non-typeable 0 3 (2.9) 

Total 104 (100) 104 (100) 

P = 0.09 
 

Table 5. Frequency of SCCmec typed MRS isolates with their ccr elements 

SCCmec 

type 
ccr type 

No. of MRSA/MRCoN      

isolates 
No./ (%) MRS  type 

II – 3 / - 3 (3.5) HA-MRSA 

II 1 3 / - 3 (3.5) HA-MRSA 

II 2 7 / 2 9 (10.5) HA-MRSA/HA-MRCoNS 

II 5 13 / 9 22 (25.6) HA-MRSA/HA-MRCoNS 

III 5 10 / - 10 (11.6) HA-MRSA 

IVa 2 4 / - 4 (4.7) CA-MRSA 

IVc 2 1 / 1 2 (2.3) CA-MRSA/CA-MRCoNS 

V 3 – / 1 1 (1.2) CA-MRCoNS 

V 5 – / 1 1 (1.2) CA-MRCoNS 

VI 3 – / 2 2 (2.3) HA-MRCoNS 

– 1 – / 1 1 (1.2) Non-typeable 

– 2 3 / 1 4 (4.7) Non-typeable 

– 5 5 / – 5 (5.8) Non-typeable 

– – 12 / 7 19 (22.1) Non-typeable 

  Total = 61/25 86 (100)  
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Sccmec = staphylococcal cassette chromosome mec; MRSA= methicillin-resistant S. aureus; 

MRCoNS=methicillin-resistant coagulase negative staphylococci; HA= hospital-associated; 

CA= community-associated. 

 
Figure 1. Single-target PCR SCCmec II typing of MRS isolates. 

Lane1, 1 kb DNA ladder; Lanes 7,10,14, 16, 17, 21, 26, 28, 31, 34, 35, 39, 41, 42, and 43 

were SCCmec type ll positive(284 bp); Lane 46, negative control(MW2); Lane 47, 

positive control(BK2464) 

 

Figure 2. Single-target PCR ccrC typing of MRS isolates. 

Lane1, 1 kb DNA ladder; Lanes 1,2,3,4,7,8,10,12,13,15, 16, 17,20,... and 46 were ccrC 

positive(518 bp); Lane 47, negative control(MW2); Lane 48, positive control(WIS) 
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L= Lane; bp= base pair; PCR= polymerase chain reaction; SCCmec= staphylococcal cassette 

chromosome mec; MRS= methicillin-resistant staphylococci 

 

DISCUSSION 

Methicillin-resistant S. aureus (MRSA) is a strain of S. aureus which was first reported in 

1961 soon after methicillin was introduced and it has since emerged as an important pathogen 

in human medicine. MRSA infections have now become a major public health concern and 

its prevalence is increasing globally.
[1]

 In addition, Methicillin-resistant coagulase-negative 

staphylococci (MRCoNS) are now recognized as important causes of human infections and 

they often serve as reservoirs of antimicrobial resistance determinants, since they usually 

have a high prevalence of multidrug resistance.
[12]

 In the present study, the prevalence of 

methicillin-resistant staphylococci (MRSA and MRCoNS) obtained from clinical samples in 

four tertiary hospitals in south-south (Okada, Benin, Abraka and Warri), Nigeria was 53.7%. 

This is higher than 35.0% MRSA reported previously by Okwu, et al.,
[1]

 in south-south, 

Nigeria probably due to the addition of MRCoNS isolates that increased the prevalence value 

in the present study. However, previous studies reported that the prevalence of MRSA in 

Nigeria usually varies between 34.7% and 71.2%.
[13,14,15]

 MRSA prevalence values are 

known to vary with geographical locations, type of health institutions, studied population and 

methods of detection employed. MRSA is commonly associated with nosocomial infections 

with high isolation rates recorded in tertiary hospitals.
[16]

 

 

It was observed in the present study that the percentages of methicillin-resistant staphylococci 

(MRS) were higher in females than males and also in age groups 20-29 years, followed by 

30-39 years than others. However, there was no statistical significant difference in MRS 

carriage in sex (p = 0.53) and age (p = 0.84). This is in line with the previous reports of 

Ankur et al.,
[17]

; Okwu, et al.,
[1]

 and Navidinia, et al.,
[5]

 

 

One of the most important molecular methods available for the determination of the 

epidemiology and clonal strains relatedness of MRSA is SCCmec typing.
[5]

 It could be used 

to determine hospital-acquired MRSA (HA-MRSA) and community-acquired MRSA (CA-

MRSA) isolates. Generally, SCCmec types I, II, III, VI and VIII are HA-MRSA while types 

IV, V and VII are CA-MRSA.
[6,7]

 In this study, SCCmec typing using single-target PCR 

technique identified types II, III, IVa, IVc, V and VI which are in agreement with the 

previous report of Alli, et al.,
[18]

 in south-west, Nigeria. However, type VI was not reported in 

their studies probably due to its absence in the isolates studied or the homologous primer set 
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was not included. Type I was not reported in the present study which is in line with previous 

report.
[18]

 Type II was the most prevalent in this study with 43.0% (MRSA and MRCoNS), 

followed by type III with 11.6% (identified only for MRSA); suggesting that most of the 

MRS isolates in the present study may have originated from HA-MRSA or/and HA-

MRCoNS. Alli, et al.,
[18]

 reported that the MRSA clones in circulation in south-west, Nigeria 

were dominated by types II and V with 36.4% and 42.4% respectively. Amirkhiz et al.,
[7]

 

reported that type III MRSA was predominant with 69.8% in northwest, Iran. For MRCoNS 

isolates, type III was found to be the most prevalent in southern Brazil (52%); type IV was 

the most common in United States (36%) and Finland (33%) and type II in China.
[19]

 

SCCmec type II (53 kb) and type III (67 kb) are large and possess mobile genetic elements 

such as integrated plasmids (pUB110, pI258 and pT181) and transposons (e.g. Tn554). Type 

II carries multiple resistance genes and has been associated with strains that began to be 

prevalent in the 1980s and is frequently associated with HA-MRSA. Type III encodes the 

largest number of resistance genes and is associated with serious hospital infections. In 

contrast, type IV (21-24 kb) and type V (27 kb) have shorter elements, more mobile, 

generally susceptible to non-beta-lactam antibiotics and linked with community MRSA 

clones.
[20,21]

 

 

There were variations in the combinations of ccr and mec complexes for the MRS isolates in 

the present study. This is in line with the reports of Amirkhiz, et al.,
[7]

 and Abadi, et al.,
[22]

 

who recorded variations in SCCmec cassettes. These variations included strains containing 

both SCCmec type IV and ccrC, type III strains carrying ccrAB1, ccrAB2 or ccrAB3 gene, 

strains with multiple ccr genes, strains carrying ccr genes without a mec complex and a mecA 

positive strain with neither ccr genes nor a mec complex. 

 

CONCLUSION 

MRSA and MRCoNS SCCmec type II were the predominant isolates in this present study. 

MRCoNS type II isolates may be related to the presence of predominantly MRSA isolates 

carrying mostly SCCmec type II element in south-south, Nigeria. This is because coagulase-

negative staphylococci (CoNS) are known to carry SCCmec elements at a high frequency and 

they serve as possible reservoir of resistance genes. Also, horizontal transfer of mecA DNA 

from CoNS to S. aureus was observed in a previous study.
[19]

 

 

There will be a need: to develop new SCCmec classification methods or alternatively employ 

whole genome sequencing approach to assist in typing the non-typeable MRS; for active 
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MRS surveillance by healthcare institutions in Nigeria; to develop and enforce measures in 

preventing the spread of MRS infections such as frequent hand washing, rational prescription 

of antibacterial drugs, proper disinfection and sterilization. These will aid curb the spread and 

emergence of MRS in Nigeria. 
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