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Methicillin-resistant Staphylococcus aureus (MRSA) is a major public 

health problem causing both hospital and community associated 

infections worldwide. Methicillin resistance is usually due to the mecA 

gene that codes for a 78-kD a penicillin binding protein (PBP2a), with 

decreased affinity to methicillin and all beta-lactam antibiotics. A total 

of 65 S. aureus isolates were collected from a pediatric hospital and 

clinical laboratories in Constantine, from December 2014 to 

September 2015. All isolates were identified using matrix-assisted 

laser desorption/ionisation time of flight mass spectrometry(MALDI-

TOF-MS). The phenotypic detection of methicillin-resistant was 

investigated using the standard disk-diffusion method on Mueller–

Hinton agar. The isolates were tested with 16 antibiotics: Penicillin, 

oxacillin, Cefoxitin, Ceftriaxone, Ciprofloxacin, Gentamicin, 

Teicoplanin, Vancomycin, Erythromycin, Clindamycin, 

Pristinamycin, Doxycycline, Fosfomycin, Linezolid, Rifampicin and 

Trimethoprim-sulfamethoxazole. They were incubated at 37°C for 24 

h. Results showed that 35.38% of isolates were methicillin-

resistantStaphylococcus aureus. According to the obtained results 

from RT-PCR analysis of methicillin-resistant S. aureus (MRSA), 

mecA gene was present in 86.95% of the resistant isolates. The results 

of comparison between RT-PCR detection of mecA gene and standard 

disk diffusion test showed high degree of correlation. 

   
Copy Right, IJAR, 2016,. All rights reserved.

…………………………………………………………………………………………………….... 

Introduction:- 
Staphylococcus aureus is recognized as one of the most important pathogens responsible for a variety of diseases in 

both humans and animals worldwide [1,2, 3, 4]. Staphylococcus aureus was first identified in 1880 in Aberdeen, 

Scotland [2, 5]. Until the treatment of patients with penicillin in 1940 [2, 5], the mortality rate caused byS. aureus 

was 80%. In 1942, the first strains developed resistance to penicillin, due to β-lactamase production, were detected 

in hospital [2]. The introduction of methicillin in 1959 was necessary to solve the problems of penicillinase-

producing S. aureus resistant to penicillin [6, 7]. Resistance to methicillin in S. aureus was identified for the first 

time in UK in the early 1960 [2, 8, 9, 10, 11, 12, 13, 14], within 2 years after its introduction [6, 7, 12] 
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Since then, the resistance rate of methicillin-resistant S. aureus (MRSA) has gradually increased and become a 

serious problem in both community and hospital infections worldwide in 1970 [12]. Until the mid-1990s, the 

majority of MRSA isolates exhibited multiple resistance to several antimicrobial agents including tetracyclines, 

aminoglycosides, macrolides, lincosamides and fluoroquinolones [5, 12, 15, 16]. 

 

Resistance to methicillin in S. aureus is primarily mediated by the production of penicillin binding protein (PBP 2a), 

an additional penicillin-binding protein with low affinity for beta-lactam antibiotics, encoded by mecA gene [1, 5, 

17] which is absent in methicillin susceptible strains.  This gene is carried on the SCCmec element [13]. 

 

The detection of MRSA has become an important tool in clinical diagnosis for the management and treatment of 

patients [6, 17]. Routine methods used in microbiology laboratories for identification of methicillin resistance in S. 

aureus are based on antibiotic susceptibility disk diffusion agar and dilution [14, 17]. These methods detect only 

phenotypic expression of methicillin resistance without the presence of the mecA gene [17]. Since phenotypic 

methods are not discriminating enough and are highly dependent on growth conditions, the use of genetic approach, 

such as DNA hybridization and PCR, is essential to stop the spread of S. aureus methicillin-resistant and to increase 

the rapidity and accuracy of their identification and their antibiotics resistance patterns [6]. 

 

The aim of this study was therefore to show the prevalence and antibiotic susceptibility of S. aureus methicillin-

resistance isolated from the pediatric hospital and clinical laboratories in Constantine, Algeria, and to compare the 

degree of correlation between the phenotypic detection of methicillin-resistance in S. aureus by standard disk 

diffusion test with the genotypic detection of mecA gene by RT- PCR.  

 

Material and Methods:- 
Bacteria isolates:- 

A total of 65 S. aureus strains were isolated from infected patients. The isolates were collected from the pediatric 

hospital and clinical laboratories in Constantine (Algeria) from December 2014 to September 2015. The isolates 

were first identified with standard bacteriological technique and biochemical tests using the API system 20E® 

(biomérieux., Marcy l’Etoile, France). 

 

Identification of S. Aureus:- 

A confirmation of the staphylococcus aureus identification for all the isolates was performed by using matrix-

assisted laser desorption/ionisation time of flight mass spectrometry (MALDI-TOF-MS). Colonies were deposited 

directly on the MALDI-TOF target plate (Four spots per isolate) and were covered with 1.5 µL of matrix solution (2 

points of a-cyano-4-hydroxycinnamic acid + 500ml of acetonitrite HPLC + 475ml of distilled water + 25ml of tri-

fluoracetic-acid). Spots were analyzed using a Bruker Daltonics Microflex (Bremen, Germany). Peptidic spectra 

were compared with the Bruker database using Biotyper software, version 2.0, and the identification score was 

noted.  

 

Antibiotic resistance Test:- 

Antibiotic resistance of S. aureus isolates was tested using the standard disk-diffusion method on Mueller–Hinton 

agar according to recommendations of the Antibiotic Committee of the French Society for Microbiology (CA-SFM) 

[18]. The isolates were tested with sixteen antibiotics: Penicillin (10 μg), oxacillin (5 μg), Cefoxitin (30 μg), 

Ceftriaxone (30 μg), Ciprofloxacin (5 μg), Gentamicin (15 μg), Teicoplanin (30 μg), Vancomycin (30 μg), 

Erythromycin (15 μg), Clindamycin (15 μg), Pristinamycin (15 μg), Doxycycline (30 μg), Fosfomycin (50 μg), 

Linezolid (30 μg), Rifampicin (30 μg), Trimethoprim-sulfamethoxazole (25 μg) and were incubated at 37°C for 24 

h. Antibiotic disks were purchased from Bio-Rad (Marnes-la-Coquette, France). 

 

DNA Extraction:- 

For detection of mecA gene, all DNA samples were extracted with the DNeasy tissue kit (Qiagen, Hilden, Germany) 

using EZ1 Advanced instrument (Qiagen). One colony of each isolate was mixed with 200 µL of extraction buffer. 

Extracted DNA was eluted in 200 µL, analysed immediately after extraction and stored at -20°C. 

 

Rt-Pcr:- 

Amplification of the methicillin resistance gene mecA was performed using primers as previously described by 

Strommenger et al. (2003) and Shahraz et al. (2011): forward primer (5′-AAA ATC GAT GGT AAA GGT TGG C-

3′) and reverse primer (5′-AGT TCT GCA GTA CCG GAT TTG C-3′). Quantitative real-time PCR (CFX96, C1000 
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Thermal Cycler, Bio-Rad) was carried out to detect the encoding gene (MecA). The PCR mixture was prepared for 

each isolate (10µL of Mix Quantitec, 2 µL of Probe, 2 µL of H2O, 0.5 µL of each primer and 5 µL of DNA 

extracted) in accordance with the manufacturer’s instructions . S. aureus ATCC 29213 was used as positive control. 

The experimental run protocol used was as follows: denaturation program (95 °C for 15 min), amplification and 

quantification programs repeated 35 times (95 °C for 30 s, 60 °C for 1 min).  

 

Results:- 
Identification of S. Aureus:- 

Identification of S.aureus with standard bacteriological technique and biochemical tests using the API was 

confirmed by the Bruker Daltonics MALDI-TOF. 

 

Antibiotic susceptibility:- 

In this study the specimens of S. aureus were mainly obtained from pus samples with a frequency of 81.53 % 

followed by urine and semen samples with respectively 12.30 and 6.15 %. 

 

The results of resistance rate of all the strains to antibiotics testing according to the French CASFM 2015 revealed 

that the isolates were multidrug resistant. Higher resistance was observed to penicillin G (70.77% of the isolates), 

followed by ceftriaxone (50.76%), erythromycin (46.15%), oxacillin and ciprofloxacin (24.61% each). However, 

some isolates were resistant to glycopeptides (vancomycin 4.61% and teicoplanin 9.23%). The classification of 

antibiotic resistance patterns of the isolated S. aureus into three groups of resistant, intermediate-resistance and 

susceptible is given in Table 1. As shown in Table 1, 23 isolates were found to be methicillin-resistant (35.38%), 

while the remaining (42) were 37 (56.92%) methicillin-susceptible and 5 (7.69%) intermediate resistant. The 

percentage of MRSA was defined as the number of S. aureus isolates resistant to cefoxitine divided by the total 

number of S. aureus isolates. The majority of the MRSA isolates showed resistance to penicillin G (86.95% of the 

isolates), ceftriaxone (78.26%), oxacillin (65.21%) and erythromycin (56.52%). MSSA isolates were also resistant to 

penicillin G (70.27%), erythromycin (45.64%) and ceftriaxone (40.54%). They were highly susceptible to 

gentamicin (100%), oxacillin and vancomycin (97.3% each). 

 

RT-PCR:- 

Real-time PCR results showed that 21 out of 65 S. aureusisolates were positive for the MecA gene as shown in 

figure 1. Comparison of the results of the MRSA pattern obtained from PCR with the standard disk-diffusion 

methods is shown in Table 2. According to RT-PCR results, 20 of 23 MRSA strains, 0 of 5 intermediate and 1 of 37 

methicillin-succeptible, carried a MecA gene. 

 

Discussion:- 
Methicillin-resistant S. aureusis an important human pathogen and is responsible for both hospital and community 

associated infections worldwide. Its frequency in most African countries has not been reported [19].  

 

Between 1996 and 1997, the prevalence of MRSA was determined in eight northern African countries and Malta, it 

was relatively high in Nigeria, Kenya, and Cameroon (21 to 30%) and below 10% in Tunisia, Malta and Algeria 

[19]. In 2001, the resistance rate increased to 14% in Algeria [9]. Prospective, multicentre study was conducted 

between 2003 and 2004 with participation of nine university hospitals in the Mediterranean area, and the percentage 

of S. aureus strains resistant to methicillin (MRSA) was 35.5% in Algeria [20]. 

 

In our study, among 65 S .aureus isolates 23 were MRSA (35.38%). These results showed a high similarity with 

results obtained by previous studies in Algeria.  

 

Resistance of MRSA to other antibiotics has also been reported. In this study, we found that 8.69% of isolates were 

resistant to vancomycin, while in related studies; all MRSA strains isolated from clinical samples were susceptible 

to vancomycin (100%) [17, 19]. Shahraz et al. (2012) reported that 26.6% of S. aureus strains isolated from 

packaged hamburger were resistant to vancomycin. 

 

According to our study, MRSA were resistant to erythromycin (56.52%) and gentamycin (34.78%), Ramdani-

Bouguessa et al. 2005 reported that 25% and 7% of PVL-positive MRSA strains isolated from Mustapha Pacha 

hospital in Algeria and Ouchenane et al. 2010 reported that 25% and 6.25% of MRSA strains isolated from 
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Didouche Mourad hospital in Algeria, were resistant to erythromycin and gentamicin, respectively. Comparison 

between these results showed a high resistance to erythromycin and  gentamycin in our isolates. 

 

In recent years, several studies have demonstrated the high capacity of molecular methods such as Pulsed-field gel 

electrophoresis (PFGE), RT-PCR and PCR-based methods to increase the rapidity and accuracy of resistance testing 

[1, 6, 14, 15, 16, 21, 22]. 

 

In our study, molecular detection of mecA gene as a specific target of MRSA genes was performed for all 65 S. 

aureus isolates. As shown in Table 2, we have compared the results of standard disk-diffusion, as a phenotypic 

method, with real-time PCR, as a genotypic method. Overall, we found high correlation between these two methods. 

This correlation has been demonstrated previously in other studies [6, 14, 15, 17].  

 

The present study indicate that among 23 strains, 3 were resistant to methicillin and 5 of 65 have intermediate-

resistance according to standard disk-diffusion method but they are susceptible according to PCR method. Two of 

39 strains were methicillin-susceptible according to standard disk-diffusion method but are resistant according to 

PCR method. In accordance with this study and previous reports, strains that are phenotypically resistant to 

methicillin but are not carried a mecA gene seemed to show poor expression of mecA gene or production of 

methicillinase or β-lactamase hyper-production [12, 16]. Borderline resistance in mecA-negative strains has been 

hypothesized, in previous studies, to result from modification of normal PBP genes [8, 23]. Kumar et al., 2010, 

indicated  that mecA gene is present, but is not amplified because the amplification site is not available enough or is 

not expressed or expressed at low level due to growth conditions or might be limitations in detection in 

microbiological methods. 

 

Similarly, strains could exhibit intermediate-resistance of methicillin due to overexpression of a b-lactamase when 

mecA is absent [24]. Intermediate resistance levels could be due also to mutations in the endogenous mecA gene [6].  

 

In conclusion, the high prevalence of MRSA in Algerian hospitals, as our results showed, is necessary that rapid 

identification of methicillin-resistance and genotypic detection of mecA gene will have a major impact on the 

treatment of infectious diseases and to reduce the emergence of drug resistance. Although microbiological 

susceptibility testing are still widely used in clinical microbiology laboratories for analysis of phenotypic resistance 

of MRSA, molecular detection of mecA gene with RT-PCR is highly rapid, sensitive and specific. Moreover, all the 

studies reported to date indicate a high correlation between methicillin-resistance and the presence of the mecA gene. 

In this study, comparison between phenotypic detection of methicillin-resistance in S. aureus by standard disk 

diffusion test and genotypic detection of mecA gene by RT- PCR method showed a high degree of correlation.  

 

Table1: Antibiotic resistance of S. aureus strains isolated from infected patients (n=65). 

Antibiotic tested Nomber of resistant 

strains 

No. of intermediate-

resistance strains)%( 

No. of susceptible 

strains)%(  

Penicillin 46 (70.77%) - 19 (29.23%) 

Oxacillin 16 (24.61%) - 49 (75.38%) 

Cefoxitine 23 (35.38%) 5 (7.69%) 37 (56.92%) 

Ceftriaxone 33 (50.76%) 22 (33.84%) 10 (15.38%) 

Ciprofloxacin 16 (24.61%) - 49 (75.38%) 

Gentamicin 8 (12.30%) - 57 (87.69%) 

Teicoplanin 6 (9.23%) - 59 (90.76%) 

Vancomycin 3 (4.61%) - 62 (95.38%) 

Erythromycin 30 (46.15%) - 35 (53.84%) 

Clindamycin 6 (9.23%) - 59 (90.76%) 

Pristinamycin 3 (4.61%) - 62 (95.38%) 

Doxycycline 11 (16.92%) 2 (3.07%) 52 (80%) 

Fosfomycin 5 (7.69%) - 60 (92.30%) 

Linezolid 3 (4.61%) - 62 (95.38%) 

Rifampicin 9 (13.84%) 4 (6.15%) 52 (80%) 

Trimethoprim-

sulfamethoxazole 

9 (13.84%) 1 (1.53%) 55 (84.61%) 
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Table 2:- Comparison of the results of meticillin-resistant S. aureus (MRSA) pattern obtained from RT-PCR and 

standard disk-diffusion methods for isolated strains from infected patients (n=65). 

Method Methicillin-resistance 

No. of resistant 

strains (%) 

No. of intermediate-

resistant strains (%) 

No. of susceptible 

strains (%) 

Standard disk-diffusion 

RT-PCR 

23 (35.38%) 

20 (95.23%) 

5 (7.69%) 

- 

37 (56.92%) 

1 (4.76%) 

 

 
 

Figure 1:-Representative results obtained in real-time polymerase chain reaction assay for mecA gene. The 

amplicon curves, representing positive amplification and negative control (flat line). Pos., positive amplification; 

neg., negative amplification. 
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