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Abstract: 

Introduction: MRSA strains have become a severe clinical and epidemiological problem in recent 
years, as resistance to this antibiotic suggests resistance to beta-lactam antibiotics. The aim of the 
present study was to compare the Phenotypic and Genotypic Characterization Method for the 
Detection of Methicillin Resistant Staphylococcus aureus. 
Aim and Objective:  To Study the Phenotypic and Genotypic Characterization Method for the 
Detection of Methicillin Resistant Staphylococcus aureus Isolates at a Tertiary Care Hospital, Uttar 
pradesh. 
Material and Methods: This was a cross sectional study conducted in the Department of 
Microbiology at RMCHRC, Mandhana, Uttar Pradesh for a period of 1 year i.e, November 2021 to 
November 2022. A total of 965 clinical isolates was studied in which 210 isolates of S. aureus were 
identified using the biochemical test from the clinical samples such as pus, swab, blood, wound and 
urine etc. The Comparison of Different Phenotypic Methods including Cefoxitin and Oxacillin Disc 
Diffusion test and the genotypic method including MecA gene detection for Methicillin Resistant 
Staphylococcus aureus Isolates was performed. 
Results:  A total of 210 S.aureus isolates were identified from a total of 965 clinical samples out of 
which 58 isolates were identified as the MRSA isolates. The gold standard method was chosen to 
be the genotypic method as well as the Cexofitin disc diffusion method for the phenotypic 
detection. The cefoxitin and the Mec A gene by PCR detected all the 58 isoaltes whereas oxacillin 
was found to be less sensitive. The MRSA isolates were highly susceptible to teicoplanin, 
vancomycin and linezolid. 
Conclusion: The Genotypic method as well as the Cefoxin disc diffusion method was observed to 
be equally susceptibility for testing of MRSA as comparative to the oxacillin method. Therefore 
Cefoxitin is better than the other phenotypic method and is highly recommended to be used as a 
surrogate marker for the detection of Methicillin resistance in S.aureus, in resource constraint 
setups that cannot afford PCR testing for mecA as a confirmatory test. 
Keywords:  MRSA, Beta-lactam, Oxacillin, Cefoxitin disc diffusion method, PCR 

 

Introduction  
S. aureus is an important pathogen of many nosocomial 
and community-related infections leading to high 
morbidity and mortality. Staphylococcus aureus have 
become a serious problem as it is resistant to methicillin 
and the infections caused by them are often fatal in 
nature and are associated resistance to several 
beta‑lactam antibiotics used in hospitals [1]. These 
strains are known as MRSA (methicillin resistant S. 
aureus), which consequently becomes difficult in 
managing infections [2]. 
 The increasing antibiotic resistance is a worrisome 
problem observed worldwide. Among Gram-positive 
cocci, Staphylococcus aureus is a well-known cause of 
community acquired as well as hospital acquired 
infections. Beginning with the emergence of 
methicillin-resistant Staphylococcus aureus (MRSA) in 
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UK within two years of Methicillin launch, this 
organism is notorious to develop resistance against 
majority of empirical antibiotics targeted against it. [3, 
4] 
The methicillin resistant itself means that a S. aureus 
isolate will not be sensitive to Penicillins, 
Cephalosporins, β- lactamase inhibitors, and 
Carbapenems and can further exhibit resistance to other 
classes of antibiotics.[5,6] MRSA have been implicated 
in serious skin infections, necrotizing fasciitis, deep 
tissue abscesses, and their hematogenous spread can 
result in bone and joint infections, sepsis and 
endocarditis.[7] Drug of choice to treat these multidrug-
resistant MRSA are glycopeptide antibiotics such as 
vancomycin.[8] 
Methicillin resistance is due to harboring of mec-A 
gene, resulting in synthesis of an altered penicillin 
binding protein (PBP)-2a by the organism having low 
affinity for β-lactam antibiotics. The prevalence of 
MRSA strains has increased worldwide. [9-11] 
Presently, the Gold standard test for detecting MRSA is 
identification of the mecA gene using polymerase chain 
reaction (PCR) [12]. Among phenotypic methods, 
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cefoxitin disc diffusion (CDD) test, oxacillin disc 
diffusion (ODD) test, are recommended by CLSI for 
detection of methicillin resistance. [13]. 
Cefoxitin is taken into consideration as it is a more 
potent inducer of mec-A gene expression than oxacillin 
or methicillin and the results obtained are comparable 
with detection of mec-A gene using PCR and also can 
be used in the constraint setups that cannot afford PCR 
testing for mecA as a confirmatory test [14, 15] 
Therefore the present study was undertaken to study the 
phenotypic and genotypic characterization method for 
the detection of methicillin resistant Staphylococcus 
aureus isolates at a Tertiary care Hospital, Uttar 
pradesh. 

Material and Methods  
This was a cross sectional study conducted in the 
Department of Microbiology at RMCHRC, Mandhana, 
Uttar Pradesh for a period of 1 year i.e, November 2021 
to November 2022. A total of 965 (inpatients and 
outpatients) clinical isolates was studied in which 210 
isolates of S. aureus were identified using the 
biochemical test from the clinical samples such as pus, 
swab, blood, wound and urine etc. The Comparison of 
Different Phenotypic Methods including Cefoxitin and 
Oxacillin Disc Diffusion test and the genotypic method 
including MecA gene detection for Methicillin 
Resistant Staphylococcus aureus Isolates was 
performed 
 
Isolation and Identification of Staphylococcus 
aureus  
The clinical samples were inoculated on blood agar and 
mannitol salt agar (HiMedia laboratories private 
limited, India) and incubated aerobically at 37°C for 48 
hours. The strains of Staphylococcus aureus were 
identified on the basis of colony morphology, Gram's 
stain, and different biochemical tests. [16]  
The antimicrobial susceptibility testing was performed 
by modified Kirby-Bauer disc diffusion technique using 
Mueller-Hinton agar (HiMedia laboratories private 
limited, India) following Clinical and Laboratory 
Standards Institute (CLSI) guidelines. [13] Antibiotic 
discs used were ciprofloxacin (5μg), clindamycin (2μg), 
chloramphenicol (30μg), erythromycin (15μg), 
gentamicin (10μg), tetracycline (30μg), cotrimoxazole 
(25μg), rifampin (5μg), mupirocin (200μg), and 
penicillin G (10 units). 

Phenotypic Detection Method for 
MRSA 
All isolates of S.aureus were tested by oxacillin disc 
diffusion and cefoxitin disc diffusion method. A 
standard strain of MSSA (ATCC 29213) and a PCR-
positive control strain (ATCC43300) (MecA-positive) 
were used as controls for all methods. The results were 
interpreted according to CLSIguidelines 2021 [13].  

Identification of MRSA through Oxacillin disc 
diffusion method 
All the strains were tested with the 1mg oxacillin discs 
(Hi-media) on Mueller-Hinton agar plates. A bacterial 
suspension adjusted to 0.5 McFarland was used for each 
of the strain. The zone of inhibition was determined 
after 24 h incubation at 35°C. Zone size was interpreted 
according to the two CLSI (2021) [13] criteria: 
susceptibility &gt; =13mm; intermediate, 11-12mm; 
and resistance &lt; =10mm. 
 
Identification of MRSA Cefoxitin disc diffusion 
method 
All strain was tested with 30mg cefoxitin discs (Hi-
Media) on Mueller-Hinton agar plates. For each strain, 
a bacterial suspension adjusted to 0.5 McFarland was 
used. The zone of inhibition was determined after 16-
18h incubation at 37 °C. Zone size was interpreted 
according to CLSI (2008) [13] criteria: susceptibility 
&gt; =22mm; resistance &lt; =21mm. 
 
Identification of MRSA by E-test strip method 
Muller Hinton Agar plate with 2% NaCl was prepared. 
The dried plates were lawn cultured with test strain 
using sterile cotton swab using standardized inoculum 
(0.5 McFarland). The Ezy MIC of mic by e-test and 
cefoxitin disc diffusion for detection. Oxacillin strips 
(EM-065, HiMedia, India) were applied on the 
inoculated plates as per manufacturer’s instruction. The 
plates were incubated at 35oC±2oC for 24 hours and 
read when sufficient growth is seen and MIC is noted 
where the ellipse of zone of resistance intersected the 
MIC scale on the strip. The strains were considered to 
be MRSA when MIC of ≥ 4 µg/ml was observed and 
Methicillin sensitive S.aureus if MIC was ≤ 2.0 µg/ml. 
 

Genotypic Detection Method of MEC A 
Gene of Mrsa by PCR 
Detection of mec a gene by Polymerase Chain Reaction 
where the Bacterial DNA was extracted by Qiagen 
DNA KIT by following manufactures guidelines. S. 
aureus previously extracted DNA was used for the 
amplification of mec A gene. A volume of 20 μl PCR 
reaction mixture consisting of 10 μl master mix, 1μl of 
each forward and reverse primers gene specific for the 
target gene, 3 μl of DNA template, and the volume was 
made up by adding nuclease free water. A 336-bp 
fragment of the mec A gene was obtained. 
 
Table No 1: Primers for MECA Gene Polymorphism 
 

Gene Primer sequence 
Lengt
h (bp) 

MEC
A 

Forward- 5- 
GTTGTAGTTGTCGGGTTTGG -3 

336bp 

Reverse 5- 
CTTCCACATACCATCTTCTTTA

AC 3 
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The mixture was briefly centrifuged and the tubes were 
transferred into PCR machine which has been 
programmed with the following conditions. The initial 
denaturation step for 7 minutes at 94°C followed by 
94°C for 30 sec, 47°C for 40 sec, 72°C for 45 sec, 72°C 
for 7 min. The total cycles were 37. The PCR 
programming was very similar as followed by Jonas et 
al., 2002. The PCR products were electrophoresed, 
stained with 10 μM ethidium bromide, bromophenol 
blue visualized by using UV trans illuminator [17]. 

Results 
A total of 965 clinical samples were studied in the 
present study. Out of 210 S.aureus isolates 58 isolates 
were identified as the MRSA isolates by both the 
phenotypic and genotypic method. The gold standard 
method was chosen to be the genotypic method as well 
as the Cexofitin disc diffusion method for the 
phenotypic detection. The MRSA isolates were highly 
susceptible to teicoplanin, vancomycin and linezolid. 

Table No 1: Total number of Isolates 

 

 

 

 

 

Table 2:  Phenotypic Identification with the use of 
different test 

Microsc
opic 

observat
ion 

Gra
m’s 
test 

Catal
ase 
test 

Coagul
ase 
test 

Urea
se 

test 

Cefoxi
tin 
(cx) 
and 

Oxacil
lin 

(ox) 
Cocci 
form 

(For all 
58 

cases) 

+ + + + + 

 

ssIt was observed that the maximum number of cases of 
MRSA reported was that of Males being affected with 35 
(60.3%) followed by Females with 23 (39.6%) [Table 
No. 3]. 

Table No 3: Gender wise distribution of the isolates 

Type of 
isolates 

Gender 
No. of 

isolates 
Percentage 

MRSA 
(N=58) 

Male 35 60.3% 
Female 23 39.6% 

Total  58  
 

Table No 4: Age wise distribution of the isolates 

S.No. Age (in years) No. of Cases Percentage 
1 0- 10 1 1.70% 
2 20-Nov 8 13.70% 
3 21-30 15 25.80% 
4 31-40 19 32.70% 
5 41-50 11 18.90% 
6 51-60 3 5.70% 
7 ≥61 1 1.70% 

Genotypic Method Mec A Gene  
The DNA was extracted using the Qiagen DNA 
Extraction kit as per the manufactures guidelines, and 
the DNA was run on the Electrophoresis which was 
visualized using the DNA gel Documentation System 

 

Figure No1: Isolated DNA from Bacterial culture of 
S. aureus 

 

Figure No. 2: Amplified DNA with PCR for Mec A 
gene of S. aureus. Lane -1-9 is Positive control of 
Mec A gene; Lane 10 is the DNA Ladder 

Table No 5: Phenotypic and Genotypic detection of 
MRSA 

In the present study it was observed both the phenotypic 
and genotypic method gives 100% accuracy results. The 
Gold standard test for detecting MRSA is identification 
of the mecA gene using polymerase chain reaction 
(PCR) but in phenotypic methods, cefoxitin disc 
diffusion (CDD) test can also be recommended for 
detection of methicillin resistance in constraint setups 
that cannot afford PCR testing for mecA as a 
confirmatory test 

Discussion  
Methicillin-resistant Staphylococcus aureus (MRSA) is 
a pathogen with a worldwide distribution. Given the 

Type of 
Isolates 

No. of 
Isolates 

Clinical 
Isolates 

965 

MSSA 210 
MRSA 58 
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increasing rate of MRSA infections, implementing of 
reliable, accurate and rapid testing for diagnosis of 
MRSA is necessary.  
In the present study 965 clinical samples were studied 
in the present study. Out of 210 S.aureus isolates 58 
isolates were identified as the MRSA isolates. This 
study was in support with the study performed by the 
other author where a high prevalence of MRSA (35% in 
ward and 43% in ICU) was observed from blood culture 
specimens in a study in Delhi [18]. The prevalence of 
MRSA in the present study was found to be 27.6%. 
This study was similar to the study in South India where 
the incidence of MRSA varies from 25 per cent in 
western part of India to 50 per cent [19]. It was 
observed that the maximum number of cases of MRSA 
reported was that of Males being affected with 35 
(60.3%) followed by Females with 23 (39.6%). 
Due to high prevalence of MRSA infections among 
hospitalized patients, rapid and accurate identification 
of MRSA is needed to initiate appropriate antimicrobial 
therapy and prevent the spread of MRSA infections. 
Usually, molecular methods such as detection of the 
mecA gene are preferred for this task because of high 
sensitivity and specificity. The results of molecular 
methods are also usually available faster than that of 
phenotypic methods [20].  
In recent years, detection of mecA by PCR is 
considered as the gold standard for identification of 
MRSA. In this study, we evaluated other methods as 
alternatives to PCR [21], where phenotypic method of 
Cefoxitin was equally accurate for the detection of 
MRSA. Cefoxitin disc diffusion test was perceived to 
be the most sensitive method for detection of mecA-
mediated resistance. CLSI has also recently substituted 
the oxacillin disc with cefoxitin disc for detection of 
MRSA [22]. Numerous studies including the current 
one have informed that the results of the cefoxitin disc 
diffusion test correlates better with the presence of 
mecA compared with those of the oxacillin disc 
diffusion test  
The results about cefoxitin disc diffusion method are 
consistent with previous report [23]. However, 
Broekeme et al., reported the sensitivity and specificity 
of this method 97.3% and 100%, respectively among 
1,611 S. aureus isolates [24]. 
In current study, MIC strip test showed the sensitivity 
and specificity about 91.6% and 100%, respectively. In 
the study of Rahbaret al., sensitivity and specificity 
were both 100% [25] 
Cefoxitin is taken into consideration as it is a more 
potent inducer of mec-A gene expression than oxacillin 
or methicillin and the results obtained are comparable 
with detection of mec-A gene using PCR and also can 
be used in the constraint setups that cannot afford PCR 
testing for mecA as a confirmatory test [14, 15]. 

Conclusion 
The present study showed that cefoxitin disc diffusion 
has both high sensitivity and specificity as compared 
with mecA gene by PCR. Therefore, it can be a good 

alternative to molecular methods due to its low cost for 
clinical laboratories. 
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