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Background: Methicillin-resistant Staphylococcus aureus (MRSA) continues to pose a
formidable challenge to clinicians and infection-control practitioners across the globe owing to its
resistance to most beta-lactam antibiotics, the production of an array of virulence factors, and its
propensity for both healthcare- and community-associated dissemination. Reliable and rapid
detection of MRSA s critical for guiding therapy and instituting timely infection-prevention
measures.

Objective: The present investigation was designed to determine the prevalence of MRSA among
clinical S. aureus isolates, to compare phenotypic methods of MRSA detection (cefoxitin disc
diffusion and oxacillin screen agar) with molecular detection of the mecA gene by polymerase
chain reaction (PCR), and to characterize the antibiotic susceptibility profile of MRSA isolates.

Methods: A prospective study was carried out over fourteen months (February 2012 to March
2013) at a 1,200-bedded tertiary care teaching hospital in South India. A total of 412 non-duplicate
S. aureus isolates obtained from various clinical specimens were subjected to phenotypic MRSA
detection using the 30 g cefoxitin disc, oxacillin screen agar, and chromogenic MRSA agar. All
isolates were further analyzed by conventional PCR targeting the mecA gene. Antibiotic
susceptibility testing was performed by the Kirby—Bauer disc diffusion technique following CLSI
2024 recommendations.

Results: Of the 412 S. aureus isolates evaluated, 168 (40.8%) were identified as MRSA. The
cefoxitin disc diffusion method demonstrated a sensitivity of 98.8% and specificity of 99.6% when
compared with the gold-standard mecA PCR. MRSA isolates exhibited high resistance to
ciprofloxacin (74.4%), erythromycin (69.6%), clindamycin (52.4%), and gentamicin (48.2%),
whereas glycopeptides (vancomycin, teicoplanin) and linezolid retained 100% susceptibility.
Inducible clindamycin resistance was observed in 22 isolates (13.1%).
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Conclusion: The high prevalence of MRSA underscores the need for routine molecular
surveillance, evidence-based empirical therapy, and stringent infection-control protocols.
Cefoxitin disc diffusion is a reliable and cost-effective phenotypic alternative for laboratories
where PCR facilities are limited.
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1. Introduction

Staphylococcus aureus is a versatile gram-positive coccus and an opportunistic human pathogen
that can cause a wide spectrum of clinical conditions ranging from minor skin and soft tissue
infections to life-threatening pneumonia, endocarditis, osteomyelitis, and bacteraemia [1,2]. The
emergence of methicillin-resistant Staphylococcus aureus (MRSA) approximately six decades
ago, soon after the clinical introduction of methicillin, marked a turning point in the evolution of
antimicrobial resistance [3]. Today, MRSA is a leading cause of nosocomial infections worldwide,
accounting for substantial morbidity, prolonged hospital stays, and elevated treatment costs [4].

Methicillin resistance in S. aureus is principally mediated by the mecA gene, which encodes an
altered penicillin-binding protein, PBP2a, that exhibits markedly reduced affinity for beta-lactam
antibiotics [5]. The mecA gene is harboured on a mobile genetic element designated the
staphylococcal cassette chromosome mec (SCCmec), of which several types and subtypes are
recognized [6]. More recently, a novel homolog termed mecC has been described in livestock-
associated MRSA strains [7].

Epidemiologically, MRSA infections are categorized as healthcare-associated MRSA (HA-
MRSA), community-associated MRSA (CA-MRSA), and livestock-associated MRSA (LA-
MRSA), each with distinctive clinical, microbiological, and molecular features [8]. CA-MRSA
strains, particularly those harbouring the SCCmec type IV element and the Panton—Valentine
leukocidin (PVL) gene, have witnessed a sharp surge over the last two decades and are increasingly
being recovered from previously healthy individuals presenting with skin and soft tissue infections
[9].

In India, the prevalence of MRSA among clinical S. aureus isolates ranges widely, from
approximately 20% to over 60%, depending on geographic region, hospital setting, and patient
demographics [10,11]. Despite this, molecular characterization remains underutilized in routine
diagnostic laboratories, with most centres relying solely on phenotypic detection methods. The
present investigation was therefore conducted to assess the prevalence of MRSA in clinical
isolates, validate the performance of cefoxitin disc diffusion against PCR-based mecA detection,
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and delineate the contemporary antibiotic susceptibility profile in a tertiary care setting in
Telangana.

2. Materials and Methods

2.1 Study Design and Setting

This prospective laboratory-based investigation was conducted at the Department of Microbiology
of a 1,200-bedded multispecialty tertiary care teaching hospital in South India. The study was
carried out over a fourteen-month period from February 2012 to March 2013.

2.2 Sample Collection and Bacterial Identification

Non-duplicate S. aureus isolates obtained from clinical specimens including pus, wound swabs,
blood, respiratory secretions, body fluids, and tissue biopsies were enrolled. Specimens were
processed using standard microbiological techniques. Bacterial identification was based on colony
morphology on blood agar, characteristic golden-yellow pigmentation, gram staining, catalase test,
slide and tube coagulase tests, mannitol fermentation on mannitol salt agar, and DNase activity.
Identification was confirmed using the VITEK 2 GP card (bioMérieux, France).

2.3 Phenotypic Detection of MRSA

Three phenotypic approaches were employed for MRSA screening. First, the cefoxitin (30 pg)
disc diffusion test was performed on Mueller—Hinton agar; an inhibition zone diameter of <21 mm
was interpreted as MRSA per CLSI 2024 criteria [12]. Second, oxacillin salt agar containing 6
pg/mL oxacillin and 4% sodium chloride was inoculated and incubated at 35 °C for 24 hours;
growth was indicative of methicillin resistance. Third, chromogenic MRSA agar (HiMedia,
Mumbai) was used as a screening medium, with characteristic mauve-coloured colonies appearing
within 18-24 hours.

2.4 Molecular Detection of mecA Gene

Genomic DNA was extracted from overnight broth cultures using a commercial kit (QlAamp DNA
Mini Kit, Qiagen, Germany) following the manufacturer's instructions. The mecA gene was
amplified using the previously published primers mecA-F (5'-
AAAATCGATGGTAAAGGTTGGC-3") and mecA-R (5'-AGTTCTGCAGTACCGGATTTGC-
3"), generating a 533-bp amplicon [13]. PCR amplification was performed in a thermal cycler
(Applied Biosystems, USA) under the following conditions: initial denaturation at 94 °C for 4
minutes, followed by 35 cycles of 94 °C for 30 seconds, 55 °C for 30 seconds, and 72 °C for 60
seconds, with a final extension at 72 °C for 7 minutes. Amplicons were resolved on 1.5% agarose
gel stained with ethidium bromide and visualized under a UV transilluminator. S. aureus ATCC
43300 served as the positive control, and ATCC 25923 as the negative control.
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2.5 Antibiotic Susceptibility Testing

The Kirby—Bauer disc diffusion method on Mueller—Hinton agar was employed to determine
antibiotic susceptibility. The panel included penicillin (10 U), cefoxitin (30 pg), erythromycin (15
Mg), clindamycin (2 pg), ciprofloxacin (5 pg), gentamicin (10 pg), tetracycline (30 ug),
cotrimoxazole (1.25/23.75 pg), linezolid (30 pg), rifampicin (5 pg), vancomycin (E-test for MIC),
and teicoplanin (30 pg). Inducible clindamycin resistance was assessed by the D-test using
erythromycin and clindamycin discs placed 15 mm apart [14]. Vancomycin minimum inhibitory
concentration (MIC) was determined by the E-test (bioMérieux, France) for all MRSA isolates.

2.6 Statistical Analysis

Data were analyzed using SPSS version 26 (IBM, USA). Sensitivity, specificity, positive
predictive value, and negative predictive value of phenotypic methods were calculated against
PCR detection of mecA as the reference standard. Categorical comparisons were performed using
the chi-square test or Fisher's exact test, with a p-value of <0.05 deemed statistically significant.

3. Results

During the study period, 412 non-duplicate S. aureus isolates were recovered from clinical
specimens. The most common source of isolation was pus and wound swabs (52.4%), followed by
blood (16.7%), respiratory specimens (11.9%), body fluids (8.0%), and other sites including tissue
biopsies and catheter tips (11.0%). Out of the 412 isolates, 168 (40.8%) were confirmed as MRSA
based on mecA PCR. The distribution of MRSA across clinical specimens and patient
demographics is summarized in Table 1.

Table 1. Distribution of MRSA isolates by specimen type and patient category (n = 168).

Specimen type Total S. aureus MRSA n (%) MSSA n (%)
(n)
Pus / wound swab 216 92 (42.6) 124 (57.4)
Blood 69 32 (46.4) 37 (53.6)
Respiratory (sputum/ET) 49 21 (42.9) 28 (57.1)
Body fluids 33 9 (27.3) 24 (72.7)
Tissue / catheter tip 45 14 (31.1) 31 (68.9)
Total 412 168 (40.8) 244 (59.2)

Comparison of phenotypic detection techniques against the molecular gold standard (mecA PCR)
revealed that the cefoxitin disc diffusion test offered excellent diagnostic performance with a
sensitivity of 98.8% and specificity of 99.6%, exceeding both oxacillin agar screening (sensitivity
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94.6%, specificity 97.5%) and chromogenic MRSA agar (sensitivity 96.4%, specificity 98.4%).
The diagnostic performance characteristics are presented in Table 2.

Table 2. Diagnostic performance of phenotypic methods relative to mecA PCR.

Phenotypic method Sensitivity Specificity PPV (%) NPV (%)
(%) (%0)

Cefoxitin (30 ug) disc 98.8 99.6 994 99.2

diffusion

Oxacillin salt agar screen 94.6 975 96.4 96.4

Chromogenic MRSA agar 96.4 98.4 97.6 97.6

All 168 MRSA isolates were confirmed positive for the mecA gene by PCR, yielding the expected
533-bp amplicon. None of the 244 MSSA isolates harboured the mecA gene. The antibiotic
susceptibility analysis revealed that MRSA isolates were significantly more resistant to non-beta-
lactam antibiotics in comparison to methicillin-sensitive S. aureus (MSSA). Resistance to
ciprofloxacin (74.4%), erythromycin (69.6%), clindamycin (52.4%), gentamicin (48.2%), and
cotrimoxazole (44.0%) was substantially higher among MRSA strains. Notably, all MRSA isolates
remained fully susceptible to vancomycin, teicoplanin, and linezolid, with vancomycin MICs
ranging from 0.5 to 2.0 pg/mL. Inducible clindamycin resistance, identified by a positive D-test,

was observed in 22 (13.1%) MRSA isolates.

Table 3. Antibiotic susceptibility pattern of MRSA (n = 168) and MSSA (n = 244) isolates.

Antibiotic MRSA Resistance | MSSA Resistance p-value
n (%) n (%)
Penicillin 168 (100.0) 228 (93.4) <0.001
Cefoxitin 168 (100.0) 1(0.4) <0.001
Ciprofloxacin 125 (74.4) 76 (31.1) <0.001
Erythromycin 117 (69.6) 82 (33.6) <0.001
Clindamycin 88 (52.4) 39 (16.0) <0.001
Gentamicin 81 (48.2) 44 (18.0) <0.001
Tetracycline 62 (36.9) 50 (20.5) <0.01
Cotrimoxazole 74 (44.0) 59 (24.2) <0.01
Rifampicin 11 (6.5) 5(2.0) 0.02
Linezolid 0 (0.0 0 (0.0) —
Vancomycin (E-test) 0 (0.0) 0 (0.0) —
Teicoplanin 0 (0.0) 0 (0.0) —
4. Discussion

The MRSA prevalence of 40.8% documented in the present study reflects the substantial burden
imposed by this pathogen in tertiary care institutions across India. Comparable rates have been
reported by Indian Network for Surveillance of Antimicrobial Resistance (INSAR), which
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observed MRSA proportions ranging from 25% to 50% across participating centres [15]. Our
finding of higher MRSA prevalence among invasive specimens such as blood (46.4%) and pus
(42.6%) underscores its predominance in serious nosocomial infections.

The mecA-based PCR technique remains the gold standard for definitive MRSA confirmation
owing to its capacity to detect resistance regardless of phenotypic expression, including
heteroresistant or low-level resistant strains [16]. However, PCR is technically demanding,
requires specialized infrastructure, and is cost-intensive, rendering it impractical for routine
diagnostic use in resource-limited settings. The cefoxitin disc diffusion method has emerged as the
recommended phenotypic alternative because cefoxitin is a more potent inducer of mecA
expression than oxacillin, providing improved correlation with molecular results [17]. In our
cohort, cefoxitin disc diffusion exhibited an excellent agreement with PCR (x = 0.98),
corroborating earlier reports from Mumbai, Bengaluru, and Lucknow [18,19].

The pattern of multidrug resistance observed among MRSA isolates is consistent with the global
epidemiology of healthcare-associated MRSA strains, which typically harbour SCCmec types I,
I1, or 111 alongside ancillary resistance determinants such as ermA/B/C (macrolide—lincosamide—
streptogramin B resistance), aacA-aphD (aminoglycoside-modifying enzymes), and gyrA/parC
mutations (fluoroquinolone resistance) [20,21]. The 13.1% rate of inducible clindamycin
resistance underscores the importance of routine D-testing before initiating clindamycin therapy
in invasive S. aureus infections [22].

Reassuringly, all MRSA isolates remained susceptible to vancomycin, teicoplanin, and linezolid,
with vancomycin MICs uniformly within the susceptible range (<2 pg/mL). Although vancomycin
remains the cornerstone of therapy for serious MRSA infections, the gradual rightward shift in
MIC values, often referred to as 'MIC creep,' has been a global concern that warrants continued
surveillance [23]. Linezolid, daptomycin, and ceftaroline serve as valuable alternatives,
particularly in cases of vancomycin therapeutic failure or intolerance [24].

Limitations of the present study include the absence of SCCmec typing, virulence gene profiling
(such as PVL, tst), and pulsed-field gel electrophoresis or multilocus sequence typing for clonal
characterization. Furthermore, MIC determination by reference broth microdilution for the entire
antibiotic panel was not performed.

5. Conclusion

This study reveals an MRSA prevalence of 40.8% among clinical S. aureus isolates at a tertiary
care hospital in Telangana, with the mecA gene as the unifying genetic determinant of methicillin
resistance. The cefoxitin disc diffusion test offers an accurate, simple, and economical phenotypic
alternative for MRSA detection in routine laboratories. Glycopeptides and linezolid remain
reliable therapeutic options. Strengthening antibiotic stewardship, implementing rigorous
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infection-control practices, and integrating molecular surveillance into standard hospital protocols
are imperative to mitigate the burden of MRSA infections.
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