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1. Introduction

Methicillin resistant Staphylococcus aureus (MRSA) strains have become a well-known 

etiologic agent of a wide variety of infections worldwide. Considering the increasing rate of 

infections caused by MRSA, performance of reliable, accurate and rapid testing for detection of 

MRSA is essential for both antibiotic therapy and infection control measures. The aim of this 

study was to evaluate 3 methods for detection of MRSA and to determine its  β lactames 

production profile. Two hundred and fifty (250) S. aureus isolates from routine microbiological 

specimen were collected from hospitals in Accra, Ghana between July and December 2010 for 

the study. The isolates were obtained from cultures of different specimens including wounds, 

sputum, blood, aspirates, urine, and cerebrospinal fluids. Methicillin disc diffusion (5µg), 

Oxacillin disc diffusion (5µg), β lactamase test (using nitrocefin disc) and MRSA screening 

assay test were performed on the isolates. Out of the 250 isolates the methicillin disc diffusion 

test detected 54 representing 21.6% as MRSA positive and 196 representing 78.4% as 

negative. Oxacillin disc diffusion test detected 78 (31.26%) to be MRSA and 172(68.8%) as 

negative. The MRSA screen assay detected 84(33.6%) as MRSA and 166(66.4%) as negative. 

One hundred and fifty eight of the isolates produced β-lactamase.  All phenotypic methods had 

significant differences in sensitivity and specificity for detection of MRSA. However, MRSA 

screen assay method in comparison to other methods had higher specificity and sensitivity for 

detection of MRSA in resource constraint settings.

Methicillin resistant Staphylococcus aureus (MRSA) is an 

important etiological agent of hospital and community acquired 

infections. [1, 2] The first case of MRSA was reported in 1961[1]. 

The importance of MRSA as a nosocomial as well as community 

acquired pathogen is well documented. [3, 4] Emergence of MRSA 

worldwide has led to the overuse of glycopeptides antibiotics and to 

the emergence of vancomycin-resistant S. aureus [5]. A distinctive 

feature of methicillin resistance is its heterogeneous nature, [6, 7] 

with the level of resistance varying according to the culture 

c o n d i t i o n s  a n d  β - l a c t a m  a n t i b i o t i c  b e i n g  u s e d .   
Methicillin resistance in S. aureus is based on the production of an 

additional penicillin binding protein, PBP2 or PBP2a, which is 

mediated by the mecA gene. [8] MRSA strains are frequently 

resistant to many different classes of antibiotics [9]. Considering 

the increasing rate of infections caused by MRSA, performance of 

reliable, accurate and rapid testing for detection of MRSA is 

essential for both antibiotic therapy and infection control 

measures. [10] There are many traditional and commercial 

systems for detection of MRSA in clinical microbiology 

laboratories. Most laboratories use disk diffusion methods for 

routine test. The gold standard method for antimicrobial 

susceptibility testing has been the minimum inhibitory 

concentration (MIC) test determined by dilution methods. In the 

recent years, MIC methods have been replaced by molecular 
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methods which detect mecA gene as a gold standard for 

determining classical methicilin resistance in S. aureus. However, 

the use of molecular methods for detection of MRSA is largely 

restricted to reference laboratories and is not utilized in many 

microbiology laboratories as a routine test. [3, 4, 11, 12] The aim of 

this study was to evaluate 3 methods for detection of Methicillin 

resistance in S. aureus and to determine β lactames production 

profile of   MRSA. The MRSA screen assay was used as gold 

standard.

Two hundred and fifty (250) S. aureus isolates from routine 

microbiological specimen were collected from hospitals in Accra, 

Ghana. The S. aureus isolates were obtained from cultures of 

different specimens including wounds, sputum, blood, aspirates, 

urine, and cerebrospinal fluids. 

Suspected colonies of S. aureus from primary culture plates of 

Blood agar, Chocolate agar and MacConkey agar were confirmed, 

by Gram reaction, positive catalase, Tube coagulase and 

Deoxyribonucleases (DNAse) test. Methicillin disc diffusion (5µg), 

Oxacillin disc diffusion (5µg), β lactamase test (using nitrocefin 

disc) and MRSA screening assay were then performed on the 

confirmed isolates.

Oxacillin disc diffusion (5µg) was used to test for oxacillin 

resistance. Mueller Hinton agar (MHA) plates containing 4% NaCl 

were inoculated with 10 µL of 0.5 Mc Farland (108 CFU/ml) 

suspension of the isolate by streaking in one quadrant and 
0incubated at 35 C for 24 hrs. A zone diameter of ≤ 10 mm was 

considered resistant for Oxacillin.

All the isolates were subjected to methicilin disct diffusion test 

using a 5µg disc. A 0.5 Mc Farland standard suspension of the 

isolate were inoculated onto MHA plate. Plates were incubated at 
037 C for 18 hrs and zone diameters were measured. An inhibition 

zone diameter of ≤ 19 mm was reported as oxacillin resistant and ≥

20 mm was considered as oxacillin sensitive. Reference  strains - 

Methicillin sensitive S. aureus (MSSA) ATCC 25923 and methicillin 

resistant S. aureus (MRSA) ATCC 43300  were used as negative and 

positive controls respectively [13].

The MRSA Screening test was performed according to the 

manufacturer's instructions (Denka Seiken Co., Tokyo Japan). The 

MRSA- screen assay is a 5-minutes slide latex agglutination test 

based on detection of PBP2a. The method involves extraction of 

PBP2a from suspensions of colonies and detection by 

agglutination with latex particles coated with monoclonal 

antibodies to PBP2a.  

The β lactames test was performed according to the 

manufacturer's instruction. (Cefinase, Becton Dickinson, USA). 

This was done by streaking colonies from the edge of S. aureus onto 

a nitrocefin disc. β lactamase production was noticed by the 

appearance of pink colour within a minute. 

2.Materials and Methods

2.1.Culture

2.2.Oxacillin disc diffusion

2.3.Methicillin disc diffusion

2.4.MRSA Screen Assay

2.5.β lactames test

Table 1. Comparison of different methods to classify 250 S. 

aureus clinical isolates as MRSA or MSSA

Table 2:  Results of β- lactamase test conducted on MRSA and 

MSSA isolates

4.Discussion

Test   

Test   

Positive No. (%)                                  

Positive No. (%)                                  

Negative No. (%)                                  

Negative No. (%)                                  

Methicillin Disc Diffusion

Oxacillin Disc Diffusion

MRSA Screen Assay

MRSA (84)

MSSA (166)

TOTAL (250)

54 (21.6)

78 (31.2)

84 (33.6)                                                                                      

84 (100)

74 (44.6)

158 (63.2)

196 (78.4)

172 (68.8)

166 (66.4)

- (0)

92 (55.4)

92 (36.8)                                  

Resistance was determined according to the National 

Committee for Clinical Laboratory Standards (NCCLS). A zone 

diameter of ≤ 9 mm was considered resistant for Methicillin and ≤ 

10 mm for Oxacillin. MSSA  ATCC 25923 and MRSA ATCC 43300 

were used as negative and positive controls, respectively [13]. The 

quantification of the agglutination test (1+ to 3+) for the 84 MRSA 

isolates was as follows: among the 84 MRSA isolates 68 showed + 3 

test agglutination reaction, 15 showed +2 agglutination and 1 

showed +1 agglutination.  Upon retesting, the grading of the 

agglutination test reaction did not change.

All strains were tested for β--lactamases. β-lactamase was 

observed by the appearance of pink colour within 5 minutes and 

no change in colour was indicated as negative

The  methicillin disc diffusion test detected 54 representing 

21.6% as MRSA positive and 196 representing 78.4% as negative 

(table 1). This indicates that the methicilin disc diffusion test has 

low specificity and sensitivity for the detection of MRSA.  This 

could be due to the changing DNA partners of MRSA. 

Interestingly it was observed during the methicilin disc 

diffusion testing that 86 isolates did not show any zone of 

inhibition. These isolates still did not show any zones of inhibition 

despite modification of laboratory protocols such as decreased 

temperature of incubation (30-35oC) and increased incubation 

time (24hrs). However, in methicillin  Oxacillin disc diffusion test,  

no zone of inhibition does not mean there is no resistance. This is 

because hyper-producers of penicillinase may show small or no 

zone of inhibition, whereas most true methicillin or Oxacillin 

resistant isolates give no zone. [14] Resistant mediated by mecA is 

the ultimate, and this may be confirmed by latex methods or PCR.
Generally most laboratories use oxacillin disc diffusion rather than 

methicillin disc diffusion because of its instability[15]. However 
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oxacillin test is lower than the MRSA screen assay and the risk of 

misclassification of MRSA as MSSA by the oxacillin disc diffusion 

are 4.5 times [16]. In this study oxacillin disc diffusion test detected 

78 (31.2%)  out of 250 isolates of S. aureus to be MRSA and 172 of 

the isolates representing 68% as MSSA. Unlike the methicillin disc 

diffusion test, oxacillin disc diffusion showed zones of inhibition 

for all 250 isolates that were studied.

  In a related work to determine the prevalence of MRSA in 

clinical specimen at the Korle Bu Teaching Hospital, Accra Ghana, a 

prevalence of 31.5% was recorded using the oxacillin disc 

diffusion, which is not significantly different from the findings of 

this study [17].

A previous study done by Atoum et.al, compared the disk 

diffusion with PCR and microdilution methods and reported least 

sensitivity with disk diffusion method [18] Similarly, Chambers 

[20] stated that disc diffusion suffers from low specificity 

averaging 80% relative to other methods. The Clinical and 

Laboratory Standards Institute (CLSI) recommend the use of 

Oxacillin disk method, using Muller Hinton agar plate 

supplemented with 2% NaCI at 350C and Oxacillin agar screen test 

using MHA with 4% NaCI. However, most laboratories do not 

comply with these recommendations [19, 21, 20].

It's worth noting on the other hand that Mackenzie et al, in two 

studies reported that there is no correlation between the accuracy 

of the results and compliance with CLSI recommendation, and 

rather recommended the use of low-expression class MRSA strain 

as control for the CLSI disc test. [22, 23]

The MRSA screen assay detected 84 of the 250 S. aureus isolates 

as MRSA (table 1). No agglutination occurred when the 250 

isolates were tested with the negative-control latex. The MRSA 

PBP2a latex agglutination screen assay is latex particles sensitized 

with anticlonal antibody against PBP2a and react specifically with 

MRSA to cause agglutination. It is reported to have 97.6% 

sensitivity and it distinguishes between very low levels MRSA from 

MSSA. [22, 24] Bowers et. al, reported MRSA-latex agglutination 

test as a reliable and rapid detection test from both broth pure 

culture and selective media as well as being a reliable alternative to 

mecA PCR for the definite diagnosis of MRSA[13].

However Atoum et. al,  reported strains of negative mecA being 

methicillin resistant and positive mecA being methicillin sensitive. 

These observations are explained as being due to non functional 

mecA gene or non active PBP2a protein. Consequently, they 

recommended the use of a combination of both molecular and 

microbiological methods for detection of MRSA [25]. However 

PBP2a latex agglutination has demonstrated 100% agreement for 

both mecA- positive and negative strains. [15]

Table 2 show results of the β- lactamase test carried out on all 

the 250 S. aureus isolates. Out of the 250 isolates, 158 (63.2%) 

produced β-lactamase. The 158 isolates that produced β- 

lactamase included all the 84 isolates that were detected as MRSA 

by the MRSA latex screen method. In other words, all the MRSA 

isolates produce β- lactamase. 

The role of β-lactasmase is unclear, however, it has been 

reported that even in low –level resistance, β-lactamase   stable 

antibiotics could be hydrolyzed by staphylococcus β-lactamase, 

and over – production of β-lactamase   could result in borderline 

MIC [25]. It has been observed that culture conditions used to 

enhance MRSA also favour production of β-lactamase. Chambers 

reported that borderline strains that hyper-produce β-lactamase 

are mecA negative, show high levels of β-lactamase activity, and 

lowered the MIC into susceptible range upon addition of β-

lactamase inhibitors [25].

It is well established that the major mechanism of resistance to 

methicillin and other antistaphyloccoccal penicilins in S. aureus 

involves the production of an additional membrane penicillin-

binding protein (PBP2a). Aside the PBP2a production, MRSA also 

produces β – lactamases. [25] There is however, limited 

information about the relationship between β- lactamase(s) of 

MRSA and the four β-lactamases (types A, B, C, and D) produce by 

methicillin susceptible strains of S. aureus.

The findings of this study revealed that the MRSA screen assay 

had a high sensitivity and specificity comparative to other 

routinely used methods for detection of MRSA. This method can be 

preferred in clinical microbiology laboratories because it is easy to 

perform, do not require special technique, its cost effective and 

finally it can be used as an alternative to the technically demanding 

PCR.

The authors are grateful to all the biomedical scientists in 

hospitals in Accra where isolates were obtained.

5.Conclusion
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