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ABSTRACT 

Objective: To assess the reliability of Manitol salt agar (MSA) for directly identifying Methicillin 
Resistant Staphylococcus aureus (MRSA) and Methicillin Resistant Coagulase negative 
Staphylococci, (MRCoNS) in nasal swabs for screening purposes using cefoxitin and oxacillin 
disks. 

Study Design: Descriptive and Quasi-experimental 

Place and duration of Study: The study was done in the two surgical units of Combined 
Military Hospital, Rawalpindi and all the samples were processed at the Department of 
Microbiology, Armed Forces Institute of Pathology, Rawalpindi during July 2007. 

Material and Methods:  A total of eighty four duplicate swabs were taken from the anterior 
nares of various staff members of the two surgical units and were directly inoculated on 
Mannitol salt agar with Cefoxitin disc 30µg (MSAFOX) and oxacillin disc 1µg (MSAOX). All the 
samples were simultaneously inoculated on blood and MacConkey agar for conventional 
testing, using standard conditions, and confirmed as MRSA or MRCoNS by oxacillin disk 
diffusion technique. The staphylococcal isolates were later confirmed as MRSA/ MRCoNS by 
polymerase chain reation (PCR) for mecA gene analysis. 

Results: There were 45 staphylococci which revealed mec A gene (40 MRCoNS and 5 MRSA) by 
PCR. Both the disks with MSA effectively identified the methicillin resistance. MSA with 
cefoxitin could identify 40 methicillin resistant staphylococci (35 MRCoNS and 5 MRSA) where 
as MSA with oxacillin could identify 39 methicillin resistant staphylococci (34 MRCoNS and 4 
MRSA). There was no significant difference between the two disks in sensitivity, specificity, 
positive and negative predictive values and overall efficacy of the procedures.    

Conclusion: MSA with cefoxitin 30µg and oxacillin 1µg appear to be highly accurate, easy to 
perform and beneficial for quick and reliable detection of methicillin resistant staphylococci 
from the nasal carriers in a routine microbiology laboratory. 

Keywords: Nasal carriage, screening swabs, mannitol salt agar, methicillin resistant 
Staphylococci.  

INTRODUCTION  

Humans are the natural reservoir for 
Staphylococcus aureus, and asymptomatic 
colonization is far more common than 
infection. Colonization may be transient or 
persistent and can last for years. Persons 
colonized with Staphylococcus aureus are at 
increased risk of subsequent infections [1]. 
The most common sites for carriage are the 
nose, axilla and perineum [2, 3]. 

Since the discovery of methicillin 
resistant Staphylococcus aureus (MRSA) in 
1960, the incidence of infections caused by 
this isolate is on the rise. Transmission 

usually occurs by direct contact with a 
colonized carrier [2]. Many studies have 
shown that there is a vast population of 
asymptomatic carriers in the hospitals most of 
whom are unrecognized. They constitute the 
institutional reservoir of MRSA and act as 
vectors for the spread of these multidrug 
resistant organisms to uncolonized but 
susceptible patients leading to various 
infections, thus not only causing increase in 
length of hospital stay but also the health care 
cost, morbidity and mortality [4].   

Epidemiological surveys and effective 
control measures are the need of the hour to 
control MRSA infections in the hospitals as 
well as from the community. As no such 
survey has been done in Pakistan so the 
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actual picture is still gloomy. Rapid screening, 
implementation of barrier nursing along with 
timely and accurate identification of MRSA 
has a pivitol role in preventing its spread.      

Molecular techniques like PCR is only 
restricted to the reference laboratories. Their 
role as a direct method for the detection of 
MRSA from the screening swabs is yet to be 
established. Most of the public health 
laboratories rely on easy to perform and cost 
effective phenotypic detection methods. For 
this purpose, only those media should be 
used for screening specimens which enhance 
the recovery of MRSA [5, 6]. Numerous 
reports in literature suggesting various 
screening media for MRSA isolation stress 
upon the fact that oxacillin or methicillin 
based culture media have never been able to 
achieve the sensitivity and specificity that is 
acceptable to all.  

Mannitol salt agar has long been used as 
a selective and differential medium for S. 
aureus. It requires standard conditions of 
incubation and is supplemented with salt and 
mannitol. Staphylococcus aureus colonies 
appear as yellow and Staphylococcus 
coagulase negative colonies as pink or whitish 
on this media. It has been suggested that if 
cefoxitin or oxacillin is added in this media, 
this will further differentiate among 
Staphylococcus aureus as Methicillin resistant 
(MRSA) or otherwise. Recovery of MRSA 
using Mannitol salt agar with cefoxitin or 
oxacillin would take 24 hours as compared to 
other phenotypic methods taking about 48 
hours. Sometimes it is difficult to procure 
base powder of cefoxitin or oxacillin to be 
used in agar. We have introduced a simple 
procedure to avoid this problem. We used 
disks of cefoxitin 30µg and oxacillin 1µg on 
Mannitol salt agar (Fig 1).   

Health care workers in ICUs and high 
dependency units are being screened monthly 
for MRSA carriage. Swabs are received at our 
faculty on routine basis. Mainstay of 
screening is rapid diagnosis so that outbreaks 
and epidemics are timely controlled. Keeping 
this in view, a study was conducted to 
evaluate the performance of MSA with 

cefoxitin and MSA with oxacillin disks at 
temperature and time defined by Clinical and 
Laboratory Standards Institute (CLSI) 
(formerly NCCLS) for the rapid diagnosis of 
MRSA carriage from the nasal screening 
swabs in terms of sensitivity and specificity.  

MATERIALS AND METHODS 

Eighty-four duplicate nasal swabs were 
taken from various personnel of two surgical 
units of Combined Military Hospital, 
Rawalpindi for screening purposes collected 
in the month of July 2007. All the samples 
were processed at the Department of 
Microbiology, Armed Forces Institute of 
Pathology, Rawalpindi. Dry un-moistened 
cotton swabs were collected from the anterior 
nares. No transport media was used as the 
swabs were inoculated within one hour of 
collection. Two swabs were taken per person; 
one swab was plated on Blood (BA) and 
MacConkey agar (MA) and the inoculated 
plates were incubated for 24-48 hrs at 35±2°C 
in ambient air. Later they were screened for 
typical staphylococcal colonies by Gram's 
staining, catalase, coagulase, and DNase tests 
[7]. On the basis of positive and negative slide 
and tube coagulase tests, they were identified 
as S.aureus and Coagulase negative 
staphylococcus (CoNS). All these isolates 
were tested for oxacillin susceptibility 
according to the CLSI criteria [8] and were 
subjected to PCR for mecA gene analysis. The 
second swab was used for plating on two 
plates of Mannitol salt agar. On one of these 
plates cefoxitin disk 30µg (MSAFOX) and on 
the second plate oxacillin disk1µg was 
applied (MSAOX). The procedure was 
adopted as already suggested previously for 
primary antibiotic sensitivity testing [9]. The 
methicillin susceptible S. aureus strain ATCC 
29213 (i.e., CLSI quality control strains for 
routine MIC testing) and ATCC 25923 (i.e., 
CLSI quality control strain for routine disk 
diffusion testing) were used as controls8. 
Media were also tested for support of growth 
using the known dilution equivalent to 100 
CFU/ml numbers each of S. aureus and 
Coagulase negative Staphylococcus. 
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Cefoxitin and Oxacillin Susceptibility Testing 

For MSAOX and MSAFOX, oxacillin disk 
of 1µg and cefoxitin disk of 30µg (Oxoid, 
Basingstoke, UK), were applied to the MSA 
after direct inoculation with nasal swabs, on 
an area of maximum expected growth. Plates 
were kept at 33oC±2 and 35°C±2 in ambient 
air for identification of MRSA respectively. 
Zone diameters were measured at 24-48 hrs, 
using transmitted and reflected light. 
According to CLSI a zone diameter of ≤19mm 
was taken as resistant and a zone diameter of 
≥20mm as susceptible for cefoxitin disk while 
a zone diameter of >13mm taken as 
susceptible, 11-12 mm as intermediate and < 
10 mm as resistant for oxacillin disk. Using 
calipers, inhibition zone diameters were 
measured to the nearest millimeter at the 
inner zone edge [8]. 

PCR for mec A gene  

Presence of mecA gene was considered as 
the the‘gold standard’ method for 
establishing the sensitivity, specificity, 
positive predictive value (PPV) and negative 
predictive value (NPV) for each of the 
techniques studied. The PCR for mecA gene 
was performed in accordance with the 
procedure described by Sakoulas et al [10]. 
Bacterial DNA was extracted from the 
suspected colonies on MSA and 
Staphylococcal colonies on BA using DNA 
extraction kit by Symbiosis Asti, Italy.  

         The primer pair used was (5--
CTCAGGTACTGCTATCCACC-3-) and (5--
CACTTGGTATATCTTCACC-3-; (Gene link, 
Hawthorne, NY) as described by Ryffel et al.  
Amplification of reaction mixture was carried 
out in thermal cycler (Master cycler, 
Eppendorf,  Hamburg Germany). The 50µl 
PCR mixture consisted of 5µl of the extracted 
bacterial DNA, each nucleotide (MBI, 
Fermantas, USA) at a concentration of 0.2 
mM, 2.5 mM MgCl2, 0.25µM of each primer 
and 0.25U of Taq polymerase (MBI, 
Fermantas, USA). The PCR program consisted 
of DNA denaturation of 5 minutes at 950 C; 
30 cycles with a 30 seconds denaturation step 
at 940 C; 30 seconds annealing step at 420 C; 
30 seconds extension at 720 C and a final 10 

min extension step at 720 C. The amplification 
product of mecA gene (448-bp DNA 
fragment) was detected by 1% agarose gel 
electrophoresis with ethidium bromide 
staining and observing under UV light (Fig. 
2).  

Data Analysis 

Data was analysed using SPSS version 11 
(SPSS Inc; Chicago, IL; USA). P values of 
<0.05 were considered significant. Sensitivity, 
specificity, positive predictive values and 
negative predictive values were also 

 

 
 

Fig.1: Growth of MRSA (yellow) and MRCoNS (Pink) 
colonies on Mannitol Salt agar from nasal swabs along 
with control Staphylococcus aureus (1) (Methicillin 
Sensitive, MSSA) and Coagulase negative 
Staphylococcus (Methicillin sensitive, MSSE) using 
disks of cefoxitin 30µg. 
 

 
 

Figure 2: Agarose gel electrophoresis patterns showing 
single PCR amplification product of S.aureus mecA gene 
(448-bp) from MRSA (Methicillin resistant Staphylococcus 
aureus) isolates. Lane 1, positive control; Lane2, negative 
control; Lane 3, MRSA; Lane 4, MRSA; Lane 5, S.aureus; 
Lane 6, MRCoNS (Methicillin resistant Coagulase 
Negative Staphylococci); Lane 7, MRCoNS; Lane M, DNA 
molecular size marker (100-bp ladder). A schematic 
representation of the amplified fragments is shown on the 
left side of the figure. 
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calculated using appropriate formulae. Over-
all efficiency of each medium was also 
calculated.  

RESULTS 

A total of 84 (duplicate) nasal swabs were 
screened for MRSA with the abovementioned 
methods. The Staphylococcus aureus had 
given yellow colonies while CoNS had 
yielded colourless colonies (pink) on MSA 
media. There were 12 Staphylococcus aureus 
and 72 Coagulase negative staphylococci 
identified through conventional methods of 
culture on blood agar and then Gram 
staining, catalase, coagulase and DNase tests. 
Two nasal swabs from two individuals out of 
total 84 nasal swabs had given no yield at all 
on any of the media used. Therefore, they 
were excluded from the study. However, 
there were two nasal swabs from two 
individuals, which yielded both 
Staphylococcus aureus and CoNS. Thus the 
total number of isolates remained 84. By the 
use of PCR (Fig 2), among them five MRSA 
(6.0%) and forty MRCoNS (47.6%) were found 
to be positive for mecA gene amplified 
product of 448-bp DNA after overnight 
incubation in brain heart infusion, thus 
confirmed as MRSA and MRCoNS. The 
MRSA isolates had their breakpoint MICs 
within the CLSI defined range i.e., Resistant 
≥4µg/ml and Sensitive ≤2µg/ml.  Five MRSA 
strains (6.0%) and 35 MRCoNS (41.7%) were 
detected by MSAFOX whereas 4 MRSA 
(4.8%) and 34 MRCoNS (40.5%) were detected 
by MSAOX media (Table 1). However, one 
MRCoNS strain each was falsely detected by 
both the methods. Thus 39 and 37 isolates 

resistant to methicillin were picked by 
MSAFOX and MSAOX respectively out of 
total 45 mec A positive (Methicillin resistant) 
strains (5 MRSA & 40 MRCoNS ). 

In the case of MRSA and MRCoNS the 
colonies had grown up to the edge of the disk 
(6mm). The overall sensitivity, specificity, 
positive predictive value (PPV) and negative 
predictive value (NPV) have no significant 
difference between the two methods used 
(Table-2). 

The conventional methods took 18-24 
hours for routine culture and then further 24 
hours for susceptibility testing for 
identification of MRSA and MRCoNS 
whereas direct testing from nasal swabs using 
Mannitol Salt Agar used 24 hours for 
identification of MRSA and MRCoNS from 
the specimens (Fig 1). Moreover, mec A gene 
identification only detect methicillin 
resistance, but does not differentiate between 
Staphylococcus aureus and Coagulase 
negative Staphylococcus. However, there was 
no significant difference between use of 
oxacillin and cefoxitin disks on MSA in 
identifying methicillin resistance (p=0.5608). 
Nevertheless, both the methods correctly 
picked 38 mecA negative strains (methicillin 
sensitive) out of total 39 mecA negative 
strains.  

DISCUSSION 

Staphylococcus aureus is the most 
common cause of surgical site infections 
(SSIs) and second only to coagulase-negative 
staphylococci as a cause of nosocomial 
bloodstream infection and community 
acquired infections [11]. Thirty to 40% of all 

Table-1:  Number of Staphylococci detected using Mannitol Salt Agar with cefoxitin (MSAFOX) and 
oxacillin (MSAOX) disks, out of all those staphylococci identified by conventional methods and 
confirmed by mec A gene presence (n=84). 
 

Isolates of Staphylococci identified using 
conventional method and mec A gene 

Number of Staphylococci 
identified using MSAFOX 

Number of Staphylococci 
identified using MSAOX 

MSCoNS (n=32) n= 37  n= 38   

MSSA (n=7) n= 7  n= 8   

MRSA (n=5) n= 5  n= 4   

MRCoNS (n=40) n= 35  n= 34 
 

MSCoNS= Methicillin sensitive Coagulase negative Staphylococci, MRSA= Methicillin resistant Staphylococcus 
aureus, MRCoNS= Methicillin resistant Coagulase Negative Staphylococci, MSSA= Methicillin Sensitive 
Staphylococcus aureus. MSAFOX= Mannitol Salt Agar with disk of cefoxitin 30µg, MSAOX= Mannitol Salt agar with 
oxacillin disk 1µg. 
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the S.aureus infections are due to MRSA. 
Most cases of nosocomial infections occur 
through exposure to the hands of health care 
workers after they have been transiently 
colonized with MRSA from their own 
reservoir or from contact with an infected 
patient. Outbreaks may also result from 
exposure to a single long-term carrier or 
environmental sources [12]. Screening high-
risk patients and health care workers is a 
prerequisite to limit the spread, but its cost 
effectiveness is yet to be ascertained. 

In our study we have used 1µg disk of 
oxacillin according to CLSI criteria, but as 
from 2005 onwards CLSI has claimed 
cefoxitin as preferred method8 for the 
detection of methicillin resistance so it was 
decided to apply cefoxitin disk as well, to find 
out which one is better before introducing it 
into the laboratory routine for screening 
swabs. For primary plating of clinical samples 
one seldom gets to choose the inoculum, but 
improved results were seen in one of the 
study with high inoculum [13]. Mannitol salt 
agar has long been used as a selective 
medium for the isolation of S.aureus but it has 
some inhibitory effects as well. However, no 
microbiological standards exist that define the 
most appropriate medium for the enhanced 
recovery of MRSA from the screening swabs 
[14].  

One study had evaluated selective broth 
and real time PCR for rapid screening and 
identification of MRSA achieving a sensitivity 
of 93.3% and a higher specificity of 89.6% [15]. 
Another study by Nasia et al evaluated four 
different media MSA, MSAOX, Mueller-
Hinton agar (MHAOX) consisting of oxacillin 

and MSA with lipovitellin and oxacillin disc 
1µg (MSALOX). MSALOX had given the 
highest yield by detecting 90% of MRSA 
carriers and misdiagnosed only four as false 
positives thus achieved a sensitivity of 90% 
and specificity of 93% [16]. When broth 
enrichment was compared with primary 
plating on solid media, sensitivity was 
increased with no loss of specificity. In our 
study similar specificity was observed with 
MSAFOX and MSAOX, discriminating very 
well between S.aureus and CoNS through 
colour as well as picking up the methicillin 
resistance through cefoxitin and oxacillin 
disks.  

Study by Perry et al evaluated CHROM 
agar MRSA (CMRSA), Staph aureus ID 
(SAID) and two other media supplemented 
with 4µg/ml of cefoxitin for the detection of 
MRSA. All these studies stated that growth 
inhibition was observed in several strains of 
MRSA [17].As these studies had used 
laboratory saved isolates which are unlike the 
isolates directly cultured from human carriers 
so the results are not comparable with the 
surveillance specimens. Moreover, all the 
MSA media are not alike and have different 
salt content, which may affect the growth of 
certain strains [8]. Two studies have 
evaluated CHROM agar S. aureus with 
4µg/ml of oxacillin for better detection of 
MRSA, however no recommendations were 
made for screening swabs [12, 18]. 

None of the S. aureus strain in our study 
was found to be mannitol negative but one 
strain of CoNS was mannitol positive and 
such strains of CoNS are reported in the 
literature [19]. It is suggested that yellow 
colonies on MSAFOX and MSAOX prior to 
PCR should be tested for coagulase test.  

Time saving was observed with MSA as 
colour of the colonies was suggestive of S. 
aureus. Studies conducted to detect MRSA 
directly from clinical specimens by PCR 
technique had shown increased sensitivity 
and specificity of 100% and 97% respectively 
[20]. However, PCR cannot differentiate 
between MRSA and MRCoNS.  

Table-2: Specificity, senitivity, positive predictive 
value, negative pridictive value and overall efficacy of 
the two methods using Mannitol Salt agar with 
cefoxitin (MSAFOX) and Manitol Salt agar with 
oxacillin (MSAOX) disks  
 

Parameters MSAFOX MSAOX  

Specificity 97.4 97.4 

Sensitivity 86.7 82.2 

Positive Predictive value 97.5 97.4 

Negative Predictive value 86.4 82.6 

Efficacy 91.7 89.3 
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In summary the appropriate, accurate 
and time saving phenotypic methods for the 
detection of nasal carriage of MRSA are 
MSAFOX and MSAOX; yellow colonies 
giving resistant zone of inhibition can be 
directly taken as MRSA particularly in set ups 
where PCR facility is not freely available. 
Although no significant difference was noted 
between the use of oxacillin and cefoxitin 
disks on MSA, but MSAFOX may have 
advantage over MSAOX in that it would not 
require specific incubation temperature of 33 
+ 2OC and a full 24 hours incubation.   

CONCLUSION  

MSA with cefoxitin 30 ug oxacillin 1 ug 
appear to be highly accurate, easy to perform 
and beneficial for quick and reliable detection 
of MRSA from the nasal carriers in a routine 
microbiology laboratory. 

REFERENCES 

1. Von Eiff C, Becker K, Machka K, Stammer H, Peters G. 
Nasal carriage as a source of Staphylococcus aureus 
bacteremia. N Engl J Med 2001; 334: 11-6. 

2. Sanford MD, Widmer AF, Bale MJ, Jones RN, Wenzel RP. 
Efficient detection and long-term persistence of the carriage 
of methicillin-resistant Staphylococcus aureus. Clin Infect 
Dis 1994; 19: 1123-8.   

3. Kluytmans JA, van Belkum A, Verbrugh H. Nasal carriage 
of Staphylococcus aureus: epidemiology, underlying 
mechanisms, and associated risks. Clin Microbiol Rev 1997;  
10: 505-20. 

4. Nasia N, Makai DG. The commonality of risk factors for 
nosocomial colonization and infection with anti-microbial 
resistant Staphylococcus aureus, enterococcus, Gram-
negative bacilli, Clostridium difficile and candida. Anne 
Intern Med 2002; 136: 834-4. 

5. Lally RT, Ederer MN, and Woolfrey BF.Evaluation of 
mannitol salt agar with oxacillin as a screening medium for 
methicillin resistant Staphylococcus aureus. J Clin 
Microbiol 1985; 22: 501-4. 

6. Winstanley TG, Eggington R, and Spencer RC. Selective 
medium for MRSA. J Clin Pathol 1993; 46: 1140. 

7. Baird D. Staphylococcus: cluster-forming gram-positive 
cocci. In: Collee JG, Fraser AG, Marmion BP, Simmons A, 
editors. MacKie & McCartney practical medical 
microbiology.  14th ed. Edinburgh: Churchill Livingstone, 
1996: pp 245-60. 

8.  Clinical and Laboratory Standards Institute (CLSI). 
Performance standard for antimicrobial disk susceptibility 
tests; Approved standard 9thed. M2-A9. Wayne, PA: The 
Committee; 2006.  

9. Miles RS, Amyes SGB. Laboratory control of antimicrobial 
therapy. In: Collee JG, Fraser AG, Marimion BP, Simmons 
A, eds. Mackie & MacCartney Practical Medical 
Microbiology, 14th ed. Edinburgh: Churchill Livingstone, 
1996; pp 151-78. 

10. Sakoulas G, Dold H S, Venkataraman L, DeGirolami PC, 
Eliopoulos G M, Qian Q. Methicillin-Resistant 
Staphylococcus aureus: Comparison of Susceptibility 
Testing Methods and Analysis of mecA-Positive 
Susceptible Strains. J Clin Microbiol 2001; 39: 3946-51.  

11. Kluytmans JA, Mouton JW, Ijzerman EP, Vandenbroucke-
Grauls CM, Maat AW, Wagenvoort JH, et al. Nasal carriage 
of S. aureus as a major risk factor for wound infections after 
cardiac surgery. J Infect Dis 1995; 171: 216-9. 

12. Merlino J, Leroi M, Bradbury R, Veal D, and Harbour C. 
New chromogenic identification and detection of 
Staphylococcus aureus and methicillin-resistant 
Staphylococcus  aureus. J Clin Microbiol 2000; 38: 2380-7. 

13. Smyth RW, Kahlmeter G, Olsson-Liljequist B and Hoffman 
B. Methods for identifying methicillin resistance in 
Staphylococcus aureus. J Hosp Infect 2001; 48: 103-7.  

14. Gardam M, Brunton B, Mcgeer WA, Low D, and Conly J. 
Ablinded comparison of three laboratory protocols for the 
identification of patients colonized with methicillin 
resistant Staphylococcus aureus. Infect Control Hosp 
Epidemiol 2001; 22: 152-6. 

15. Hong F,and Gorden H.  Rapid screening and identification 
of methicillin resistant Staphylococcus aureus from clinical 
samples by selective broth and real time PCR assay.  J  Clin 
M icrobiol 2003; 41: 2894-99.  

16. Nasia S, Leah N, Barbra G, and Dennis GM.Comparison of 
culture screening methods for detection of nasal carriage of 
methicillin resistant Staphylococcus aureus: a prospective 
study comparing 32 methods. J Clin Microbiol 2003; 41: 
3163-6. 

17. Perry JD, Davies LA, Butterworth AL Hopley J, Nicholson 
A and Gould FK. Development and evaluation of a 
chromogenic agar medium for methicillin resistant 
Staphylococcus aureus . J Clin Microbiol 2004; 42: 4519-23.  

18. Kluytmans J, Greithuysen AV, Willemse P and Keulen PV. 
Performance of chromagar selective medium and oxacillin 
resistance screening agar base for identifying 
Staphylococcus aureus and detecting methicillin resistance. 
J Clin Microbiol 2002; 40: 2480-2. 

19. Smyth RW, Gunnar K. Manitol salt agar –cefoxitin 
combination as a screening medium for methicillin 
resistant Staphylococcus aureus. J Clin Microbiol 2005; 43: 
3797-9.  

20. Jayaratne P, Rutherford C. Detection of methicillin resistant 
Staphylococcus aureus (MRSA) from growth on manitol 
salt oxacillin agar using PCR for nosocomial surveillance.  
Diagn Micrbiol Infect Dis 1999; 35: 13-8.   

 

 


