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Evaluation of various phenotypic methods with 
genotypic screening for detection of methicillin-
resistant Staphylococcus aureus
Archana Loganathan1, Prasanth Manohar1, Kandasamy Eniyan1, Rama Jayaraj2, Ramesh Nachimuthu1,*

Abstract

Background: Staphylococcus aureus is one of the common opportunistic gram-positive pathogens which are often 
associated with nosocomial infections. Detection of methicillin-resistant S. aureus (MRSA) has become complicated 
due to the complex phenotypic and genomic pattern.
Objective: To evaluate the sensitivity and specificity pattern of various phenotypic methods used in screening mec 
genes harboring MRSA.
Methods: Clinical isolates of S. aureus were collected from diagnostic centers in Tamil Nadu. Phenotypic identification 
methods such as Minimal Inhibitory Concentration for oxacillin, oxacillin screen agar (OSA), oxacillin disk diffusion, 
and cefoxitin disk diffusion (CFD) tests were compared. The clinical isolates were classified into MRSA and methicillin-
susceptible S. aureus (MSSA) based on the polymerase chain reaction (PCR) amplification of the mecA gene.
Result: Out of 50 S. aureus, 21 were found to be MRSA based on the presence of the mecA gene. All 21 mecA-positive 
isolates were found to be resistant through minimum inhibitory concentration (MIC) and CFD test, having a sensitivity 
of 100% and specificity of 52% and 62%, respectively. OSA and oxacillin disk tests were found to have a sensitivity of 
86% and specificity of 48% and 52%, respectively.
Conclusion: The combination of two phenotypic methods, CFD and oxacillin MIC, can be used for the detection of 
MRSA in clinical laboratories.
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Staphylococcus aureus is one of the predominant nosoco-
mial pathogens causing serious healthcare problems. They 
cause a wide range of soft tissue infections, such as endocar-
ditis, bloodstream infection, and osteomyelitis [1]. In early 
1960s, those strains showing resistance to methicillin anti-
biotic were termed methicillin-resistant S. aureus (MRSA). 
Later this acronym is used for resistance of S. aureus to all 
b-lactam antibiotics. Genotypically, MRSA is determined by 

the presence of mec gene factors. At present, a new resistant 
variant in S. aureus has been developed, called borderline oxa-
cillin-resistant S. aureus (BORSA), in which isolates without 
mec gene factor tend to show moderate resistance to b-lactam 
antibiotics caused by hyper b-lactamase production [2]. WHO 
recently listed MRSA as a highly riskiest pathogen [3]. MRSA 
has turned out to be a key pathogen in nosocomial infections 
due to its exceptional repertoire of virulence factors and its 
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ability to persist in the wide variety of antibiotic environment 
exhibiting heterogeneous community [4]. The incidence of 
MRSA in India is endemic among which the prevalence of 
community-associated MRSA (CA-MRSA) varies from 25% 
in North to 50% in southern part of India [5]. Resistance in S. 
aureus is conferred by the acquisition of a new bacterial peni-
cillin-binding protein (PBP) called low-affinity PBP. PBP is 
encoded by mecA genes that confer resistance to all b-lactam 
antibiotics [6]. Recently, the first case of a gene conferring 
resistance as homology to mecA that carries novel PBP (mecC) 
was reported. They were found to have 69% homolog to mecA 
gene, while the gene product had an identity of 63% [7].

The existence of a BORSA has made the detection of 
MRSA more complicated. BORSA isolates are characterized 
as small populations that exhibit an intermittent MIC ranging 
from 4 to 8 mg/mL even in the absence of mec genes [8]. These 
BORSA strains have made the detection method so complica-
ted, which is predicted to exist as a result of modified acyla-
tion rate due to point mutation. But the phenotypic expression 
of false resistance in BORSA can vary depending on the exter-
nal growth determinants such as temperature, osmolarity, and 
supplementations like NaCl and glucose [9]. The presence 
of mecA is highly conserved in MR staphylococci, which 
remains the gold standard for the detection of MRSA. But 
non-mecA-resistant strains are also reported. All these factors 
make the phenotypic MRSA identification more complicated. 
The phenotypic methods used for the identification of MRSA 
include oxacillin MIC (agar dilution/broth dilution) or E-strip, 
oxacillin disk diffusion, and oxacillin agar screen tests and 
recently identified cefoxitin disk diffusion (CFD) method. The 
phenotypic identification methods for MRSA in diagnostic 
laboratories should be simple, rapid, sensitive, and accurate. 
Therefore, the aim of this study is to evaluate the different 
phenotypic methods used for MRSA detection and to compare 
the sensitivity and specificity of the detection methods.

Materials and methods

Staphylococcal isolates

A total of 50 non-repetitive, Staphylococcus spp. were obtai-
ned from two diagnostic centers located in Tiruchirappalli 
and Chennai, Tamil Nadu from 2016 to 2017. The isolates 
were collected from the catheter tip, blood, pus, urine, wound 
swabs, bronchial wash, and sputum. Ethical approval for car-
rying out the study was received from Institutional Ethical 
Committee for Human Studies from VIT University (certi-
ficate of approval no.VIT/IECH/004/January 28, 2017). S. 
aureus was identified by standard microbiological techniques 

that involve mannitol fermentation, gram staining, and bioche-
mical characterization such as coagulase test.

Antibiotic susceptibility testing

The antibiotic susceptibility test was performed by disk dif-
fusion test using Mueller–Hinton agar (Hi-Media, India), fol-
lowing the CLSI guidelines [10]. Susceptibility test was per-
formed using the following antibiotic disks: oxacillin (1 mg),  
cefotaxine (30 mg), cefoxitin (30 mg), methicillin (5 mg), peni-
cillin (10 mg), clindamycin (2 mg), cefepime (30 mg), ampicillin 
(10 mg), erythromycin (15 mg), gentamycin (10 mg), ciprofloxa-
cin (5 mg), tetracycline (30 mg), and rifampicin (5 mg). ATCC 
25923 was used as a quality control strain.

Oxacillin agar screen test

The oxacillin agar screen test was performed in accordance 
with the CLSI guidelines to detect MRSA. The test involves 
spot inoculation of 0.5 McFarland standard suspension of each 
test isolates in Mueller–Hinton agar plates, containing 4% of 
NaCl and 6 mg/mL of oxacillin, and the plate was incubated at 
37ºC for 24 h. Those isolates that showed any visible growth 
was considered as MRSA and the result obtained was quality 
controlled by ATCC 43300 [11, 12].

Minimum inhibitory concentration

Minimum inhibitory concentration (MIC) for S. aureus was 
determined for oxacillin (Sigma-Aldrich, India) using micro-
broth dilution method as per CLSI guidelines [13]. Concentra-
tion ranging from 0.125 to 128 mg/mL was used for the deter-
mination of MIC. The results were interpreted as MIC ≥ 4 as 
resistant and ≤ 2 as sensitive, based on the CLSI guidelines. 
ATCC 25923 and ATCC 29213 were used as quality control 
strains [14].

CFD test

All the isolates were subjected to CFD test using a 30 mg 
cefoxitin disk (Hi-Media, India). A bacterial suspension of 
0.5 McFarland standard was prepared; the bacterial lawn was 
made on Muller–Hinton agar plate; and the cefoxitin disk was 
placed. Plates were incubated at 37°C for 16–18 h and zone 
diameters were measured. ATCC 25923 and ATCC 43300 
were used as negative and positive quality control strains, res-
pectively [15].



 Phenotypic methods with genotypic screening for detection of MRSA  227Asian Biomed (Res Rev News) 2019; 13(6):225–233

Iodometric test for detection of β-lactamase production

Penicillin solution (10,000 IU) of 100 mL was distributed in 
96-well microtiter plates. The staphylococcal isolates were 
suspended in wells to obtain a final concentration of 109 
cells/mL (McFarland equivalent of 4). Ten microliters of 1% 
freshly prepared starch indicator was added in each well and 
thoroughly mixed. The titer plates were incubated at room 
temperature for 30–60 min. After the incubation, one drop of 
iodine reagent was dispensed in each well and the test was 
performed in triplicates. The rapid decolorization of blue color 
within 10 min was regarded as positive for b-lactamase pro-
duction and the prolonged existence of blue color was regar-
ded as negative. ATCC 25923 and ATCC 29213 were used as 
negative and positive quality control strains, respectively [16].

Genomic analysis of mec genes

Chromosomal DNA was extracted using phenol:chloroform 
method [17, 18] and it was used as a template DNA in polyme-
rase chain reaction (PCR) for the detection of mecA and mecC 
genes. The primers and PCR conditions used for mecA and 
mecC gene amplification were described by García-Álvarez 
et al. and Khairalla et al., respectively [19, 20]. The ampli-
fied PCR product was sequenced (Eurofins Genomics India 
Pvt. Ltd., Bangalore, India) and the obtained sequence results 
were analyzed using the NCBI-Nucleotide BLAST tool. The 
blast result of the obtained sequence showed 100% similarity 
with the existing sequence available in NCBI database. All the 
sequences were submitted in Genbank and accession numbers 
were obtained (MH459065, MH459066, MH459067, and 
MH459068).

Statistical analysis

All data analysis was performed using MedCalc Statistical 
Software version 19.1 (MedCalc Software Inc., Mariakerke, 
Belgium). Comparisons between four phenotypic methods 
with mec gene factor and cut-off value for sensitivity, specifi-
city, positive predictive value, negative predictive value, and 
accuracy are provided. In the present study, validity refers to 
the degree to which CFD test, MIC for oxacillin test, oxacil-
lin screen agar (OSA) test, oxacillin disk (OX) method are in 
agreement with the clinical diagnosis of having MRSA or not. 
Relative operating characteristic (ROC) curves were calcula-
ted for the determination of specificity and sensitivity of four 
phenotypic methods. Overall degree of validation was deter-
mined by area under the curve (AUC). Correlation coefficient  
between two phenotypic methods was calculated using Pearson’s 

Figure 1. The percentage of resistance (dark-gray bars) and susceptibi-
lity (light-gray bars) observed for 13 antibiotics by disk diffusion test

correlation coefficient to determine the dual phenotypic  
method that can be used effectively to outnumber the MRSA.

Result

A total of 50 staphylococcal isolates were used in this study, 
and the isolates were collected from pus (n = 31), urine (n = 2), 
sputum (n = 2), wound swab (n = 2), blood (n = 1), umbilical 
swab (n = 1), bronchial fluid (n = 1), catheter tip (n = 1), and 
some unknown (n = 9). All the isolates were coagulase posi-
tive and confirmed to be S. aureus.

All the isolates studied were observed to be resistant to ≥ 3  
antibiotics, so they were categorized as multidrug resistant 
(MDR). The antibiotic resistance pattern was found to be 
highly resistant to methicillin (100%), penicillin (98%), ampi-
cillin (96%), cefotaxime (80%) ciprofloxacin (78%), eryth-
romycin (72%), cefepime (66%), cefoxitin (64%), oxacillin 
(56%), gentamycin (40%), tetracycline (8%), and rifampicin 
(8%) whereas clindamycin (4%) is the least resistant antibiotic. 
The resistance pattern of various antibiotic disks is shown in  
Figure 1. The multiple antibiotic resistance (MAR) index 
ranged from 0.27 to 0.81, showing that the isolates have origi-
nated from a high risk source.

In this study, four phenotypic methods that are used rou-
tinely in laboratories for the detection of MRSA were eva-
luated for their accuracy. The presence of mec gene (mecA/
mecC) is the major factor that confers methicillin resistance in 
S. aureus. Thus, the outcome of the four phenotypic methods 
was validated with that of mec genes, which remains the gold 
standard method. Test results of four phenotypic methods are 
provided in Table 1.
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Table 1. Result of genotypic and phenotypic methods of 50 S. aureus

Isolate no. mecA gene OSA test Oxacillin MIC Cefoxitin disk test Oxacillin disk β-Lactamase test

SA1 + Growth 128 (R) Resistant Resistant Positive
SA2 - No growth 1 (S) Susceptible Susceptible Negative
SA3 + Growth >128 (R) Resistant Resistant Positive
SA4 + Growth 64 (R) Resistant Resistant Positive
SA5 + No growth 8 (R) Resistant Resistant Positive
SA6 - No growth 8 (R) Susceptible Resistant Positive
SA7 + Growth >128 (R) Resistant Resistant Positive
SA8 - Growth 64 (R) Resistant Resistant Positive
SA9 + Growth 128 (R) Resistant Resistant Positive
SA10 + Growth 36 (R) Resistant Resistant Positive
SA11 + Growth >128 (R) Resistant Resistant Positive
SA12 + No growth 128 (R) Resistant Resistant Positive
SA13 + Growth >128 (R) Resistant Resistant Positive
SA14 + Growth >128 (R) Resistant Resistant Positive
SA15 + Growth 4 (R) Resistant Susceptible Positive
SA16 + Growth 8 (R) Resistant Susceptible Positive
SA17 + Growth 64 (R) Resistant Resistant Positive
SA18 + Growth >128 (R) Resistant Resistant Positive
SA19 - No growth 32 (R) Resistant Resistant Positive
SA20 - Growth >128 (R) Resistant Resistant Positive
SA21 + Growth >128 (R) Resistant Resistant Positive
SA22 - Growth 8 (R) Susceptible Resistant Positive
SA23 - Growth >128 (R) Resistant Resistant Positive
SA24 + Growth >128 (R) Resistant Resistant Positive
SA25 - No growth 1 (S) Susceptible Susceptible Positive
SA26 + Growth >128 (R) Resistant Resistant Positive
SA27 - No growth 1 (S) Susceptible Resistant Positive
SA28 - Growth 1 (S) Susceptible Susceptible Positive
SA29 - Growth >128 (R) Resistant Susceptible Positive
SA30 - No growth 64 (R) Susceptible Susceptible Positive
SA31 - Growth >128 (R) Resistant Resistant Positive
SA32 - Growth 32 (R) Resistant Resistant Positive
SA33 - Growth 64 (R) Resistant Resistant Positive
SA34 - Growth 2 (S) Susceptible Susceptible Positive
SA35 - No growth 1 (S) Susceptible Susceptible Positive
SA36 - No growth 0.5 (S) Susceptible Susceptible Positive
SA37 + Growth 8 (R) Resistant Resistant Positive
SA38 - No growth 1 (S) Susceptible Susceptible Positive
SA39 - Growth 64 (R) Resistant Resistant Positive
SA40 + No growth 16 (R) Resistant Susceptible Positive
SA41 - No growth 2 (S) Susceptible Susceptible Positive
SA42 - No growth 1 (S) Susceptible Susceptible Positive
SA43 - Growth 1 (S) Susceptible Susceptible Positive
SA44 - No growth 0.5 (S) Susceptible Susceptible Positive
SA45 - Growth 16 (R) Resistant Resistant Positive
SA46 - Growth 8 (R) Resistant Resistant Positive
SA47 - No growth 0.5 (S) Susceptible Susceptible Positive
SA48 + Growth 8 (R) Resistant Resistant Positive
SA49 - No growth 2 (S) Susceptible Susceptible Positive
SA50 - Growth 2 (S) Susceptible Resistant Positive

 OSA, oxacillin screen agar; MIC, minimum inhibitory concentration; R, resistance; S, susceptible; +, positive; -, negative.
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Out of 50 isolates screened for mec gene, 21 isolates 
showed positive for mecA gene, which were deemed as MRSA 
and 29 non-mecA isolates as MSSA. None of the isolate in 
this study amplified for mecC, which shows that resistance 
conferred in those isolates was solely due to mecA gene. The 
sequenced PCR product of mecA gene was confirmed by 
NCBI-Nucleotide BLAST tool.

Methicillin-resistance S. aureus

Those isolates showing positive for mecA gene were regar-
ded as MRSA. Among 21 mecA isolates, OSA and oxacillin 
disk diffusion tests detected 18/3 (true positive/false nega-
tive) while MIC by oxacillin broth dilution and CFD method 
showed 21/0 (true positive/false negative), showing a sensiti-
vity of 86% and 100%, respectively.

Borderline oxacillin resistance S. aureus

Isolates showing non-mecA, but resistant to oxacillin with 
MIC range of 4–8 mg/mL, were considered as BORSA. Out of 
50 isolates studied, 3 isolates exhibited the characteristics of 
BORSA. The presence of mecA was regarded as a prominent 
feature for MRSA, thus the presence of borderline resistance 
MIC in non-mecA could be due to the hyper b-lactamase pro-
duction that can inhibit the b-lactam antibiotics of intermedi-
ate concentrations. Iodometric test for the detection of b-lacta-
mase production showed hyper b-lactamase activity in 98% 
of the isolates. One isolate, which was non-mecA, showed a 
negative b-lactamase activity and it was susceptible to penicil-
lin and oxacillin antibiotics.

Methicillin-susceptible S. aureus

Isolates with non-mecA factors were deemed MSSA. Out of 
29 non-mecA isolates, OSA test detected 14/15 (true negative/
false positive), MIC by oxacillin broth dilution and oxacillin 
disk diffusion test detected 15/14 (true negative/false posi-
tive) while CFD method showed 18/11 (true negative/false 
positive), thus showing a specificity of 48%, 52%, and 62%, 
respectively.

In order to statistically determine the accuracy of four 
phenotypic studies taken into consideration, sensitivity, spe-
cificity, positive predictive value, negative predictive value, 
and accuracy were calculated with the aid of MedCalc Sta-
tistical Software version 19.1, which showed that CFD had 
a high AUC of 0.810, 100% sensitivity, and 78% accuracy. 
The AUC and sensitivity for MIC were slightly equivalent to 
CFD, whereas the AUC and sensitivity for OD and OSA were 

below average. ROCs for four phenotypic methods calcula-
ted are shown in Figure 2. Cut-off values showing degree of 
validation between experiments are calculated and represented 
in Table 2. From the above statistical analysis, it is obvious 
that CFD test and oxacillin MIC had a better accuracy to other 
methods studied for the detection of disease. Pearson’s corre-
lation coefficient was analyzed for the determination of cor-
relation between phenotypic methods, which showed a high 
correlation for CFD+MIC with r = 0.8729 and other methods 
with an average score of 0.6910 for MIC+OD, 0.6528 for 
OD+CFD, 0.6052 for CFD+OSA, 0.5431 for MIC+OSA, and 
0.5172 for OD+OSA (Table 3).

SN, sensitivity; SP, specificity; PPV, positive predicted 
value; NPV, negative predicted value; AUC,  area under the 
curve; OSA, oxacillin screen agar test; MIC, minimal inhibi-
tory concentration; OD, oxacillin disk diffusion; CFD, cefoxi-
tin disk diffusion.

MIC, minimal inhibitory concentration; CFD, cefoxitin 
disk diffusion; OD, oxacillin disk diffusion; OSA, oxacillin 
screen agar test.

Discussion

The infections caused by S. aureus are found to have high 
mortality and morbidity. As the prevalence of community-
acquired and hospital-acquired infections caused by MRSA is 
increasing rapidly, it becomes necessary to detect MRSA and 
MSSA at their early stage using simple phenotypic methods. 
This study compares the four different detection methods that 
are routinely used for MRSA detection. Accordingly, CFD test 
and oxacillin MIC method were found to be more accurate 
than other phenotypic methods studied, as they were able to 
detect MRSA in all 21 mecA-positive isolates showing 100% 
sensitivity and both the above method had a better specificity 
of 62% and 52% when compared with other two methods. 
Both these methods have an advantage of less labor-intensive 
and they were able to detect BORSA population in infected 
persons. The rate of BORSA in our study was found to be 
6%, while previous studies by Gebhardt reported 15.8% and 
Khorvash et al. reported 25.5% [21, 22]. Detection of BORSA 
isolates is a major limiting factor in both phenotypic and geno-
typic methods and improper detection of BORSA in an indi-
vidual can be life-threatening for a patient. As shown in the 
study by Hryniewicz and Garbacz, in spite of isolates showing 
that non-mecA had a high MIC of 12 mg/mL for oxacillin and 
were resistant to oxacillin treatment which was further given 
with the combination therapy with b-lactamase inhibitor and 
showing that genotypic screening fails to outnumber the 
BORSA, it becomes necessary to determine the BORSA by 
dual phenotypic methods [23].
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Earlier Adhikari et al. had reported 100% sensitivity in 
CFD and oxacillin MIC method. CFD and oxacillin MIC 
method showed non-mecA resistance in 15 and 18 isolates, 
respectively. All non-mecA isolates that showed resistance 
in CFD and oxacillin MIC method had a positive hyper 
b-lactamase activity, which could have contributed for false 
resistance, also the possible reason for resistance conferred 
by those 15 non-mecA isolates in MIC could be due to the 
modified expression of native PBPs, BORSA, or point muta-
tion in resistance domain [24, 25]. High specificity shown by 
CFD and oxacillin MIC was due to the presence of inducers 
such as cefoxitin and NaCl which increase the identification of 

Table 2. Comparison of phenotypic methods for the detection on methicillin resistance in S. aureus

Phenotypic 
methods

No. of isolates showing mecA MRSA 
(n = 21)

No of isolates showing non-mecA 
MSSA (n = 29)

Statistical analysis (%)

No. of true  
positive isolates

No. of false 
negative isolates

No. of true  
negative isolates

No. of false 
positive isolates

SN SP PPV NPV AUC

OSA 18 3 14 15 86 48 54.54 83.35 64

MIC 21 0 15 14 100 52 60 100 72

OD 18 3 15 14 86 52 56.25 83.3 66

CFD 21 0 18 11 100 62 65.6 100 78

Table 3. Correlation coefficient by Pearson’s correlation coefficient 
method for comparison of phenotypic methods

Phenotypic methods in 
combinations

Pearson’s rank correlation 
coefficient (r)

MIC+CFD 0.8729

MIC+OD 0.6910

OD+CFD 0.6528

CFD+OSA 0.6052

MIC+OSA 0.5431

OD+OSA 0.5172

  

Figure 2. Receiver operating characteristics (ROCs) for (A) cefoxitin disk diffusion (CFD), (B) minimum inhibitory concentration (MIC), (C) oxacillin 
disk diffusion (OD), and (D) oxacillin screen agar (OSA) illustrate area under the curve (AUC) statistics
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resistance. Cefoxitin antibiotic is found to be the best inducer 
for PBP2a, PBP3, and PBP4 proteins [26].

The other two phenotypic methods in this study showed 
a low reliability, where OSA test could detect MRSA only in 
18 mecA-positive S. aureus, and showed false positive for 
15 non-mecA S. aureus, whereas oxacillin disk diffusion test 
detected MRSA in 18 mecA-positive S. aureus and showed a 
false positive for 14 non-mecA S. aureus. This study report that 
OSA test and oxacillin disk diffusion test showed a moderate 
sensitivity of 86% and specificity of 48% and 52%, respec-
tively, which shows the above two phenotypic methods to be 
moderately reliable methods for the detection of MRSA. The 
statistical analysis showed accuracy as follows: CFD test >  
oxacillin MIC > oxacillin disk diffusion test > OSA test (78% >  
72% > 66% > 64%), outlining that CFD test had a high accu-
racy. To prevent the erroneous outcome in the detection of 
MRSA, due to various external and internal factors it requires 
dual phenotypic analysis. To statistically determine the best 
dual phenotypic analysis, Pearson’s correlation coefficient 
was calculated, which showed that CFD and oxacillin MIC 
had a better outcome with r = 0.8729.

A recent study by Basset et al. showed that the presence 
of mecC gene is another factor that confers methicillin resis-
tance in S. aureus, which has a 60% of homology to mecA 
gene. None of the isolates in our study amplified for mecC 
gene, which states that the resistance confers in our isolates 
was not due to mecC gene [27]. Thus, disparity obtained in 
our study for those non-mecA-resistant S. aureus might be due 
to hyperproduction of b-lactamase; this is high in comparison 
with findings by Adhikari et al. [28].

In the present study, 98% of the isolates were b-lactamase 
producers estimated by both penicillin disk diffusion test and 
iodometric method. Globally, b-lactamase rate for staphylo-
cocci lies from 56% to 93% [28]. Penicillin can be preferred as 
a treatment for MSSA infections which are penicillinase non-
producers [29]. In our study, one MSSA showed susceptible to 
penicillin antibiotic and negative for b-lactamase production. 
All the isolates showed resistance to methicillin in disk diffu-
sion test, including one penicillinase nonproducer. The rate of 
MRSA in our study was found to be 42%, which is high in com-
parison with a report given by Kogan et al. This illustrates that 
rate of the MRSA infection is escalating day by day [30, 31] 
and simple phenotypic MRSA detection methods such as CFD 
and oxacillin MIC can be preferred in routine clinical labora-
tories. In spite of various phenotypic and genotypic methods 
available for detecting methicillin resistance in S. aureus, the 
most predominating methods used in major laboratories were 
found to be disk diffusion and VITEK systems, which cannot 
outnumber the presence of BORSA and heterogenic popula-
tions. Even though the detection of mecA gene remains the 
gold standard method, the inability of genomic screening to 

detect the BORSA and hetero-resistant variant remains the 
drawback. Of all phenotypic methods studied earlier, the high 
accuracy was found to be shown by CFD test, which is easy 
and labor-intensive, whereas OSA test had an advantage in 
effective detection of BORSA populations which can be used 
during the preparation of treatment to prevent the improper 
therapy, thereby preventing the risk of antibiotic resistance.

Conclusion

This study aims to bring to notice that there is a high change 
that few MRSA strains are undetected due to the lack of impro-
per expression of resistant proteins that require inducers. Of 
all phenotypic methods studied earlier, the high accuracy was 
found to be shown by CFD test which is easy and labor-inten-
sive, whereas genotypic screening and oxacillin MIC methods 
had an advantage in effective detection of BORSA populati-
ons. Even though the detection of BORSA was unpredictable, 
infection due to BORSA in an individual can be treated effec-
tively by b-lactamase inhibitors. Thus this study concludes 
that screening of MRSA has become complicated in spite of 
various phenotypic methods available, and the existence of 
non-mecA resistance makes the phenotypic methods unreli-
able resulting in treatment failure and rise in antibiotic resis-
tance. Despite the presence of PCR for the simple and early 
location of the resistance gene in an organism, many labo-
ratories still rely on phenotypic output for treatment option 
as in MIC and other fundamental tests. Thus, there is a need 
for dual phenotypic analysis and genotypic screening and also 
for improvising the phenotypic methods with external factors 
that can induce the existence of resistome system which will 
help in treatment regimen and prevention of rising antibiotic 
resistance.
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