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The worldwide spread of community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) skin 
infections is becoming an emerging problem. These bacteria can produce virulence factors. The objectives of this 
study were to determine the rate of MRSA and frequency of mecA gene by PCR and detect genes eta and etb 
encoding exfoliatin A and B. This is a prospective study focused on school children of 5 to 15 years with a 
cutaneous infection from October 2007 to June 2008. The skin samples taken were allowed to isolate strains of S. 
aureus by standard bacteriological methods. Susceptibility testing was performed to detect strains of MRSA with 
cefoxitin disk. Detection of mecA, eta and etb genes was performed using PCR. The rate of MRSA was 14.8%. The 
mecA gene was present in 2 strains of S. aureus (3.7%). The genes encoding the exfoliatin were detected in 5.6%. 
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INTRODUCTION 

 
Staphylococcus aureus, though a commensal bacteria of 
the skin might be responsible for cutaneous infections. 
Strains of S. aureus resistant to methicillin (MRSA) are 
often responsible for nosocomial infections, but more 
recently their involvement has been reported in 
community-acquired infections (Lowy, 1998; Huletsky et 
al., 2004; Chambers, 2001). MRSA is no longer an 
exclusively nosocomial pathogen. Its acquisition in the 
community by children without risk factors has emerged 
in many countries in recent years (Hussain et al., 2000; 
Zetola et al., 2005). Their pathogenicity is linked to the 
expression of virulence factors (Rojo et al., 2010). 
Delaporte (2006) in a study on the emergence of multi-
drug resistant bacteria reported that over 60% of 
staphylococcal skin infections are community caused by  
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methicillin-resistant strains. The emergence of 
community-acquired MRSA is associated to the misuse 
and inappropriate use of antibiotics (Trystam et al., 2004). 
Rapid identification of MRSA and appropriate treatment is 
essential. Conventional methods are often limited by the 
heterogeneous expression of resistance (Kohner et al., 
1999; Geha et al., 1994). Among the approaches to 
improve the detection of methicillin resistance, PCR is 
considered to be the gold standard method 
(Mohanasoundaram and Lalitha, 2008; Sakoulas et al., 
2001). In Africa, there is a paucity of data on community-
acquired MRSA skin infections. The aims of this study 
were to determine the rate of MRSA and frequency of 
mecA gene and detect genes eta and etb encoding 
exfoliatin A and B by PCR. 
 
MATERIALS AND METHODS 
 
The cross-sectional  study  was  conducted from October  2007 to 



 
 
 

 
Table 1. Sequences of primers used for multiplex PCR.  

 
 Product gene Primer name 5' ---------------------------  3' Size (pb) Reference 

 

  COAG1 ATACTCAACCGACGA CAC CG   
 

  COAG4 GATTTTGGATGAAGC GGATT 
440 - 915 Ahrens and Andresens, 2004 

 

 
Coa COAG2 CGAGACCAAGATTCAACAAG  

   
 

  COAG3 AAAGAAAACCACTCACATCA   
 

  MecA1 GTAGAAATGACTGAACGTCCGATA 
310 Pérez-Roth et al., 2001  

 
mecA MecA2 CCAATTCCACATTGTTTCGGTCTAA  

   
 

  ETA-3 CTAGTGCATTTGTTATTCAAGACG 
119 Becker et al., 1998  

 
eta ETA-4 TGCATTGACACCATAGTACTTATTC  

   
 

  ETB-3 ACGGCTATATACATTCAATTCAATG 
262 Becker et al., 1998  

 
etb ETB-4 AAAGTTATTCATTTAATGCACTGTCTC  

   
 

 
 

 

June 2008 in a school in the community of Abobo. The school had 
1520 students. This study included children of 5 to 15 years 
attending such institution and who had a skin infection, suppurative 
skin infection regardless of sex. The type of skin infection have 
been described on the advice of a dermatologist and included 
impetigo (5), skin abscess with necrotic infection (147). For each 
child, a swab of purulent skin lesions was collected. Culture was 
performed on blood agar sheep (Columbia base agar containing 5% 
sheep blood) and mannitol salt agar (selective media for 
staphylococcus). This study was conducted at the Department of 
Bacteriology-Virology, Pasteur Institute of Côte d'Ivoire. 
 
 
Identification of S. aureus 
 
Species identification of staphylococci was carried out by standard 
microbiology methods. It focused on the morphology of bacteria to 
the gram stain, the presence of catalase, deoxyribonuclease 
(DNase), the API STAPH ® (REF 20500 bioMerieux SA) and an 
agglutination test Slidex Staph Plus (BioMerieux ®) which detects 
clumping factor simultaneously, protein A and capsular antigens of  
S. aureus. 
 
 
Antibiotic sensitivity test 
 
Susceptibility testing was performed for using the diffusion method 
of Kirby Bauer agar as recommended by the French Society for 
Microbiology antibiogram committee (FSM-AC 2008). Antibiotics 
tested were: Cefoxitin 30 µg; Erythromycin 15 UI; Lincomycin 15 µg; 
Pristinamycin 15 µg, gentamicin 10 UI, Ciprofloxacin 5 µg, 
rifampicin 30 µg and vancomycin 30 µg. Cefoxitin responds to 
methicillin. Quality control was performed with the reference strain 
S. aureus ATCC 29213. 

 

Detection of coa, mecA, eta and etb genes 
 
Preparation of DNA extracts 
 
The strains of S. aureus were inoculated onto blood agar (5% 
sheep blood) for 24 h. Bacterial DNA was extracted by thermal 
shock. Briefly, a loop of typical colonies was suspended in 400 µl of 

 
 

 
sterile distilled water. The suspension was frozen at -20°C for 20 
min and then the frozen suspension was incubated for 20 min in a 
heating block preheated to 100°C after centrifugation at 13,000 rpm 
for 10 min, the supernatant containing bacterial DNA was recovered 
and stored at -20°C for gene amplification. 
 
 
Gene amplification (PCR) 
 
Gene amplifications were performed to detect 4 genes that are the 
coa gene encoding staphylocoagulase by nested-PCR (Ahrens and 
Andresen, 2004), the mecA gene that encodes resistance to 
methicillin includes modification of PBP2a (Pérez-Roth et al., 2001) 
and both eta and etb genes that encode exfoliatin A and B by 
multiplex PCR (Becker et al., 1998). Sequences of the primers used 
in this study are compiled in Table 1. Different genes have been 
detected in a reaction carried out in a final volume of 50 mu.l 
containing: 10 mM Tris-HCl (pH 8.9), 50 mM KCl, 3 mM MgCl2, 200 
microM dNTPs, 0.6 mM of each primer, 1 U Taq DNA polymerase 
(Promega, Madison, USA) and 5 mu.l of DNA extract.  

For the coa gene, the amplification conditions, performed with the 
primers COAG1/COAG4 are as follows: initial denaturation of DNA 
at 94°C for 5 min was followed by another 40 cycles at 94°C about 
30 s, hybridization pause for 30 s at 55°C and elongation for 2 min 
30 s at 72°C. The amplification is completed by a final elongation 
phase for 10 min at 72°C. The second amplification performed with 
primers COAG2/COAG3 is under the same conditions as previously 
using 1 µl of the first amplification reaction.  

For the mecA gene, the amplification conditions are as follows: 
after incubating for 5 minutes at 94 ° C, two cyclical phases are 
carried out as follows: an initial cycle repeated 10 times consisted of 
a denaturation step at 94°C for 30 s, a primer binding step at 64°C 
for 30 s and an elongation step at 72°C for 45 s. The second phase 
of cyclical repeats 25 times consists of a denaturation step at 94°C 
for 45 s, a primer binding step at 50°C for 45 s and an elongation 
step at 72°C for 1 min. The amplification is completed by a final 
elongation phase at 72°C for 10 min.  

For the simultaneous detection of eta and etb genes, the 
amplification conditions are identical to that of the coa gene, the 
only difference is that the number of repeated cycles is 30 and the 
incubation time for the elongation cycle is 30 s.  

The size of PCR products (amplicons) was verified by agarose 
gel electrophoresis (1.5% w/v) containing ethidium bromide (EtBr) 



 
 
 

 
Table 2. Methicillin-résistance and  exfoliatin genes of Staphylococcus sp.  

 
 

Product gene 
S. aureus Coagulase negative Staphylococcus spp. 

 

 
(N = 54) (%) (N = 7) (%)  

  
 

 Meti-R mecA(+) 2 (3.7) 1 (14.3) 
 

 Meti-R mecA(-) 6 (11.1) 0 
 

 mecA (+) eta-etb (+) 1(1.9) 0 
 

 eta-etb (+) 1(1.9) 0 
 

 mecA (+)etb (+) 1(1.9) 0 
 

 
 

 
of 0.5 µg/ml and revealed on an ultraviolet table (UV). 
 

 

RESULTS 

 

One hundred and fifty-two (152) children of mean age 9 
years (range: 5 to 15 years) were included. The age 
group most represented was that of children aged 9 to 11 
years with 45.4%. One hundred and five (105) children 
(69. 1%) were male and 47 (30.9%) were female giving a 
sex ratio of 2.23. Suppurative skin lesions on the lower 
limbs (80.9%), upper limbs (12.8%), head (4.2%) or on 
the trunk (2.1%). out of the 152 samples analyzed, 61 
strains of staphylococci were isolated (40.1%). Among 
these isolates, 54 S. aureus (88.5%) and 7 coagulase 
negative Staphylococcus species (CNS) with 3 species:  
Staphylococcus lentus (3), Staphylococcus sciuri (3) and 
Staphylococcus cohnii urealyticum (1). The rate of 
methicillin-resistant S. aureus (MRSA) was 14.8%. One 
strain of S. lentus was methicillin-resistant. Resistance to 
erythromycin was 3.7% for S. aureus and 14.3% for SNC; 
these strains were also MLSB inducible. All strains of 
Staphylococcus isolated were sensitive to gentamicin, 
ciprofloxacin, rifampicin and vancomycin. The mecA gene 
was detected in 3 phenotypically methicillin-resistant 
strains (4.9%) and 2 were S. aureus (3.7%). The MRSA 
phenotype observed in 6 strains lacked the mecA gene. 
The genes encoding the exfoliatin were detected in 3 
strains of S. aureus (5.6%). Two (2) strains of S. aureus 
(3.7%) were simultaneously eta and etb genes that 
encode, respectively for exfoliatin A and B, a strain 
carrying the mecA gene. Only one strain was etb and 
mecA gene positive (Table 2). 
 

 

DISCUSSION 

 

Staphylococcus skin infections are common in children. 
The S. aureus prevalence was relatively high, 40.1%. 
Bernard et al. (2004) reported a rate of 53% of S. aureus 
in primary cutaneous infections and 47% in secondary 
skin infection. Could the lack of hygiene be incriminated 
as a factor favoring the frequent occurrence of skin 
infection of the child (Maguire et al., 1998)? The level of 

 
 

 

CA-MRSA skin infections was 14.8%. This rate is higher 
than those reported in France, 5.8% and 8.2% (Bernard 
et al., 2008; Hubiche et al., 2008). In the U.S., study on 
pediatric dermatology infections revealed that 32% of 
strains were MRSA (Ortega-Loayza et al., 2010). In India, 
Thind et al. (2010) showed a low rate of CA-MRSA in 
pyodermas (9.6%). Nagaraju et al. (2004) reported in an 
isolation rate of MRSA as 10.9% from community 
acquired pyoderma. In Iraq the level of resistance was 
very high with 90% of CA-MRSA. These data suggests 
that most MRSA were community acquired with limited 
nosocomial spread (Co et al., 2011). In China, 54.1% 
isolates were MRSA in skin and soft tissue infections 
(Yao et al., 2010). In previous study in China in 2008, 
10.4% of isolates were MRSA (Ho et al., 2008). The 
emergence of MRSA in the community is a growing 
concern, although strains of MRSA hospital can be 
transmitted in the community, some authors argue that 
the increasing prevalence of MRSA acquisition in the 
community can not be explained by the spread of hospital 
strains. Strains acquired in the community are often 
different from clinical strains and it appears to have risen 
outside the health care environment because of the 
selective pressure of antibiotics (Buckingham et al., 2004; 
Fridkin et al., 2005). However, lower rates of MRSA 
observed in Europe could be explained due to a better 
standard of hygiene reduces the movement of bacteria in 
the communities. They could also result in good policies 
initiated in the use of antibiotics in these countries 
(Trystam et al., 2004). All strains of MRSA in this study 
were not associated with another antibiotic resistance. 
The erythromycin resistance of 3.7% was also isolated; it 
was an inducible MLSB phenotype. Resistance in France 
was reported by 32% and the rate of multidrug resistance 
was 10.7% in skin infections (Bernard et al., 2008). The 
mecA gene was present in 3.7% of S. aureus, out of the 9 
strains of MRSA only 3 carried the mecA gene. In 
Nigeria, the absence of mecA gene among strains of 
MRSA has been reported (Olayinka et al., 2009). This 
difference shows that the phenotypic characteristics 
alone do not explain all the mechanisms of resistance 
observed, therefore it is important to look into genotypic 
characters. If the main mechanism of methicillin resis-
tance is the modification of the target (PBP2a) encoded 



 
 
 

 

by the mecA gene, other mechanisms are also involved. 
This is the case of hyper-production of beta-lactamase, 
hyper-production of PBP4 and production of 
methicillinase (Nour et al., 2005). The gold standard for 
MRSA detection is the amplification of mecA gene by 
PCR (Berger-Bach and Roher, 2002). Furthermore, the 
mecA gene was detected in a strain of coagulase 
negative Staphylococcus (CNS). These strains were 
often regarded as the reservoir of genes encoding 
resistance to antibiotics. These resistance genes were 
transferred to S. aureus and other bacteria "gram-
positive." However, neither the mechanism of transfer of 
mecA nor the organizations involved in this transfer are 
known to date. However, it was suggested that the 
circulation of mecA would be in the direction from CNS to 
S. aureus (Ito et al., 2001). Piemont et al. (1984) reported 
that about 5% of strains of S. aureus isolated from clinical 
specimens produced exfoliatin either A or B or both. In 
Nigeria, several authors argued that exfoliatin A would be 
the most frequent (Adesiyun et al., 1991; Ladhani, 2001). 
The association of MRSA and exfoliatin genes was not 
common about 1.4% in Tunisia (Ben et al., 2006), and it 
is very important for understanding gene expression and 
regulation in the endeavor to determine the mechanisms 
of CA-MRSA virulence, and the development of anti-
infective strategies to combat this emerging pathogen 
(Loughman et al., 2009).  

In conclusion, the circulation of MRSA in the community 
is significant and must be used to establish appropriate 
infection control programmes and health intervention 
strategies. More studies are needed to investigate the 
clonal evolution of MRSA over time and the emergence of 
CA-MRSA. The association of MRSA and exfoliatin 
genes leads to search for other virulence factors such as 
Panton-Valentine leukocidin. 
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