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Comparative Analysis of Phenotypic and molecular characterization of methicillin-resistant Staphylococcus aureus (MRSA) in mastitic cows
Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) is an important bacterial pathogen associated with bovine mastitis and is of concern because of its antimicrobial resistance potential. The present study evaluated the detection of MRSA among bovine milk isolates by comparing oxacillin disc diffusion, cefoxitin disc diffusion, and PCR-based detection of the mecA gene. A total of 400 milk samples, comprising normal and mastitic milk from cattle and buffaloes, were examined. Overall, 202 isolates were confirmed as S. aureus by standard microbiological methods. Phenotypic screening identified 49 of 202 isolates (24.25%) as MRSA by oxacillin disc diffusion, whereas 63 of 202 isolates (31.19%) were detected as MRSA by cefoxitin disc diffusion. Among cattle isolates, cefoxitin detected 35 of 111 isolates (31.53%), compared with 28 of 111 isolates (25.23%) detected by oxacillin. Among buffalo isolates, cefoxitin detected 28 of 91 isolates (30.77%), whereas oxacillin detected 21 of 91 isolates (23.08%). Molecular analysis showed that 56 of the 63 cefoxitin-positive isolates carried the mecA gene. The number of mecA-positive isolates was higher in mastitic milk than in normal milk from both cattle and buffaloes. These findings indicate that cefoxitin disc diffusion detected a greater number of MRSA isolates than oxacillin disc diffusion and showed close agreement with mecA gene detection. Therefore, cefoxitin disc diffusion may be considered a useful, simple, and cost-effective phenotypic screening method for routine detection of MRSA in bovine milk samples, particularly in laboratories where molecular testing facilities are limited. 
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Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) was reported shortly after methicillin began to be used in clinical settings. Initially associated with hospital-acquired infections, MRSA has now expanded beyond healthcare environments and is increasingly recognized in community-associated infections. Resistance in these strains is mediated by the mecA gene, which can exhibit either uniform (homogeneous) or variable (heterogeneous) expression. The latter may lead to borderline minimum inhibitory concentration (MIC) values, increasing the likelihood of misclassification of resistant isolates as susceptible during routine antimicrobial susceptibility testing.
In recent years, cefoxitin has been widely recognised as a reliable surrogate marker for detecting mecA-mediated methicillin resistance in Staphylococcus aureus. Its effectiveness is attributed to its strong ability to induce expression of the mecA regulatory system, leading to clearer phenotypic identification of resistant strains. Based on this advantage, the Clinical and Laboratory Standards Institute (CLSI, 2006) recommended the cefoxitin disc diffusion method for routine MRSA detection. In this method, a 30 µg cefoxitin disc is used, where isolates exhibiting an inhibition zone diameter of ≤19 mm are interpreted as methicillin-resistant, while those with a zone diameter of ≥20 mm are considered methicillin-sensitive.
The present study was designed to assess the effectiveness of the cefoxitin disc diffusion method for identifying methicillin resistance in S. aureus, and to compare its performance with oxacillin disc diffusion and PCR-based detection of the mecA gene, which serves as the reference (gold standard) method.
Materials and Methods
Total 400 milk samples (240 normal and 160 mastitic milk) will be collected randomly from clinical and normal quarters of the cattle and buffaloes randomly from both clinical and nonclinical cases of cattle and buffaloes. Approximately 5 ml of normal and mastitic milk was collected into 10 ml sterilized test tubes with aseptic precautions after discarding the first two or three milking streams. After sample collection, samples were transported to the Bacteriology Laboratory, Department of Veterinary Microbiology under cold conditions.


Isolation and Identification of S. aureus: The S. aureus was isolated according to the 1990 National Mastitis Council recommendations. Samples were first enriched in 2 ml of Mannitol Salt Broth for 24 hours at 37 OC. A loopful of this enriched culture was then streaked onto Mannitol Salt Agar (MSA) plates and incubated for 24 hours at 37 OC. Isolates that fermented mannitol, indicated by yellow colonies and acidification of the medium, were presumptively identified as S. aureus (NCCLS, 2000). 
Morphological identification done on the basis of gram staining and for biochemical characterization of bacteria, MR test, VP test, Catalase test, Urease test, Coagulase test and DNase test will be performed as per the method described by Barrow and Feltham (1993) (Fig. 1&2).
Screening of Methicillin resistant S. aureus:
Oxacillin disc diffusion
Mueller–Hinton agar supplemented with 4% NaCl and 6 µg/mL oxacillin was prepared for screening. Each isolate, adjusted to a 0.5 Mc’Farland turbidity standard, was inoculated (10 µL) onto the agar surface by streaking a designated quadrant. The plates were incubated at 35°C for 24 hours and subsequently examined under transmitted light. The presence of any visible growth was interpreted as resistance to oxacillin (Bauer, et al., 1966).
Cefoxitin disc diffusion test
All isolates were evaluated using the cefoxitin disc diffusion method with a 30 µg disc. A bacterial suspension equivalent to the 0.5 McFarland standard was prepared and a uniform lawn culture was established on Mueller–Hinton agar plates (Bauer, et al., 1966). The plates were incubated at 37°C for 18 hours, after which the diameters of inhibition zones were recorded. Isolates showing a zone size of ≤19 mm were interpreted as methicillin-resistant, whereas those with a zone diameter of ≥20 mm were considered methicillin-sensitive as per CLSI, 2012.
Molecular detection by targeting mecA gene
All the MRSA positive isolates confirmed by phenotypic methods will be selected for isolation of chromosomal DNA using the phenol-chloroform extraction method (Smbrook and Russell, 2001). The extracted chromosomal DNA will be stored at -20 OC for further use.
The methicillin-resistant isolates will be subjected to PCR for amplification of mecA genes by using appropriate primers as follows: 
	[bookmark: _Hlk204679361]Organism/Gene
	Primer Sequences
	Product length (base pair)
	Reference 

	MRSA
(mec A)
	TCCAGATTACAACTTCACCAGG
	162
	Khodabandeh et al. (2019)

	
	     CCACTTCATATCTTGTAACG
	
	



Results and discussion
All 202 (50.50%) PCR-confirmed S. aureus isolates from bovine milk were screened for confirmed MRSA by using phenotypic methods viz. Cefoxitin and Oxacillin disc diffusion. On screening by cefoxitin and oxacillin disc diffusion methods, 63/202 (31.18%) and 49/202 (24.25%) were found positive, respectively (Table-1; Fig.3&4). 
The findings are in close agreement with Deepak et al. (2024), who confirmed 24/89 (27.00%) MRSA isolates by cefoxitin disc diffusion in milk samples from Chennai. Likewise, Brahma et al. (2022) reported 20/80 (25.00%) S. aureus isolates as MRSA on the basis of oxacillin resistance in bovine mastitis milk samples from Hyderabad, India. Selim et al. (2022) detected 125/350 (35.70%) MRSA isolates among bovine milk from northern Egypt using cefoxitin disc diffusion, and Gupta et al. (2016) and Sujatha et al. (2012) identified 69/174 (39.65%) and 44/100 (44.00%) MRSA isolates by cefoxitin disc diffusion in clinical samples from Bhopal and Bangalore, respectively. Ijaz et al. (2023) detected 60/133 (45.11%) MRSA isolates by oxacillin disc diffusion in buffalo subclinical mastitis milk samples from Pakistan. Similarly, Al-Abdli and Baiu (2016) reported 146/359 (40.70%) and 145/359 (40.39%) MRSA isolates by cefoxitin and oxacillin disc diffusion methods, respectively, among hospital staff and environmental samples in Libya. Dey et al. (2017) identified 11/16 (68.75%) MRSA isolates by both oxacillin and cefoxitin disc diffusion methods in milk samples collected from dairy farmers and vendors of Haryana and Assam, India.
Higher isolates of MRSA confirmed by Badua et al. (2020), 24/39 (61.54%) by cefoxitin disc diffusion in dairy water buffaloes from the Philippines. Likewise, Nair et al. (2021) identified 87/150 (58.00%) isolates as MRSA by cefoxitin disc diffusion and 79/150 (52.70%) isolates detected by oxacillin-based methods, thereby emphasising the superior sensitivity and reliability of cefoxitin for phenotypic detection of MRSA. Similarly, Anand et al. (2009) reported 28/50 (56.00%) and 32/50 (64.00%) MRSA isolates by oxacillin and cefoxitin disc diffusion tests, respectively, in clinical samples from Pune, India. Shah et al. (2020) detected 20/36 (55.50%) MRSA isolates by oxacillin disc diffusion in mastitic milk samples from Jammu.
Cefoxitin disc diffusion method demonstrated 100.0% sensitivity and specificity compared to slightly lower sensitivity (97.50%) and specificity (98.60%) of oxacillin disc diffusion because cefoxitin is considered a potent inducer of the mecA gene, resulting in enhanced expression of PBP2a-mediated methicillin resistance (Al-Abdli and Baiu, 2016).
Table- 1: Phenotypic detection of Methicillin resistant S. aureus (MRSA)
	Samples
	Confirmed positive isolates
	Disc Diffusion Methods

	
	
	Oxacillin 
(Supportive Detection)
	Cefoxitin 
(Preferred Detection)


	Cattle
	Normal milk (N=120)
	58
(48.33%)
	08/58
(13.79%)
	11/58
(18.96%)

	
	Mastitic milk (N=80)
	53
(66.25%)
	20/53
(37.74%)
	24/53
(45.28%)

	Sub total
	N=200
	111
(55.50%)
	28/111
(25.23%)
	35/111
(31.53%)

	Buffalo
	Normal milk (N=120)
	49
(40.83%)
	06/49
(12.24%)
	10/49
(20.40%)

	
	Mastitic milk (N=80)
	42
(52.50%)
	15/42
(35.71%)
	18/42
(42.85%)

	Sub total
	N=200
	91/200
(45.50%)
	21/91
(23.08%)
	28/91
(30.77%)

	Total
	N= 400
	202/400
(50.50%)
	49/202
(24.25%)
	63/202
(31.19%)




Genotypic Methods for MRSA Detection
Distribution of MRSA isolates detected by cefoxitin disc diffusion assay and confirmed by detection of the mecA gene by PCR from normal and mastitic milk samples of cattle and buffaloes. Out of the total 400 milk samples examined, 63 (15.75%) isolates were identified as MRSA phenotypically by cefoxitin disc diffusion, whereas 56 (14.00%) isolates were confirmed to harbor the mecA gene. In cattle milk samples, only 09 (07.50%) and 23 (28.75%) isolates carried the mecA gene in normal and mastitic milk respectively. Similarly, in buffalo milk samples, 08 (06.67%) and 18 (22.50%) isolates were confirmed positive for the mecA gene in normal and mastitic milk samples respectively, (Table-2; Fig. 5& 6).Present research findings was supported by Chandrasekaran et al. (2014), who reported 104/401 (25.93%) S. aureus isolates positive for the mecA gene in acute mastitis cows from Coimbatore district of Tamil Nadu, India. Similarly, Mausam et al. (2016) documented distribution of the mecA gene-positive S. aureus in bovine milk samples from Bihar, India, comprising 36/128 (28.12%), 05/13 (38.46%) and 03/12 (23.08%) isolates from Patna, Khagaria and Madhepura districts, respectively. Similarly, Eidaroos et al. (2025), detected 38/352 (10.79%) mecA-positive S. aureus isolates in milk samples collected from private farms in Damietta Governorate, Egypt. Higher prevalence of the mecA gene was observed by Mushtaq et al. (2025), who detected 7/17 (41.17%) MRSA isolates positive for the mecA gene in mastitis-affected cows at organized dairy farms in and around Jammu, India. Likewise, Selim et al. (2022) identified 125/350 (35.70%) mecA-positive MRSA isolates by PCR assay in mastitic milk samples from Egypt, whereas Koupahi et al. (2016) reported 105/220 (47.72%) S. aureus isolates carrying the mecA gene in bovine mastitis milk samples from Iran.  However, lower prevalence of the mecA gene was reported by Shah et al. (2020), 06/160 (03.75%) MRSA isolates positive for the mecA gene in mastitic milk samples collected from different regions of Jammu, India. Comparable findings were recorded by Brahma et al. (2022), who detected 16/433 (03.69%) mecA positive S. aureus isolates in bovine mastitis milk from Hyderabad, India and Das et al. (2025), also demonstrated 15/406 (03.69%) S. aureus isolates carrying the mecA gene in milk, nasal swab and wound samples from Bareilly, India. Likewise, Dey et al. (2023) identified 9/222 (04.05%) mecA positive S. aureus isolates in raw milk samples from Haryana, India, whereas Eid et al. (2022), Shahid et al. (2023), Ijaz et al. (2023) and Lubna et al. (2023) reported 16/300 (05.33%), 12/249 (04.82%), 25/516 (04.84%) and 9/150 (06.00%) mecA positive S. aureus isolates in raw cow milk, subclinical mastitis milk and bovine milk samples from Egypt and Pakistan, respectively. Similarly, Abdalhamed et al. (2022) detected 5/150 (03.33%) MRSA isolates carrying the mecA gene in mastitic milk samples from Egypt, while Badua et al. (2020) identified 9/384 (02.34%) MRSA isolates harbouring the mecA gene in mastitic buffalo milk in the Philippines. Havaei et al. (2015), who identified only 10/450 (02.22%) mecA-positive S. aureus isolates in bovine mastitic milk samples from Iran. Chai et al. (2022) and Shrestha et al. (2021) who detected only 6/423 (01.42%) and 2/191 (01.05%) mecA-positive isolates by PCR in nasal and oral swab samples of cattle in Peninsular Malaysia and bovine mastitis milk samples in Chitwan, Nepal, respectively. 
Table-2: Distribution of mecA genes among the bovine milk
	Samples (Source/ Origin)
	Positive isolates by cefoxitin disc diffusion
	mecA
	%

	Cattle 
	Normal milk (n=120)
	11
	09
	06.67

	
	Mastitis milk (n=80)
	24
	23
	26.25

	Buffalo
	Normal milk (n=120)
	10
	08
	05.83

	
	Mastitis milk (n=80)
	18
	16
	16.25

	Total
	N= 400
	63
	56
	14.00
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Fig. 1: S. aureus Growth on MSA plate
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                                        Fig.2:  Catalase test
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Fig.3: Oxacillin disc diffusion
	[image: ]Fig.4: Cefoxitin disc diffusion


                                  Detection of MRSA by Disc Diffusion Test


Fig. 5: Molecular identification of MRSA by mecA gene







Comparative Chart

Fig.6: Comparative Chart of Oxacillin and Cefoxitin disc diffusion  and mecA
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Conclusion
The present study demonstrated the occurrence of methicillin-resistant Staphylococcus aureus among bovine milk isolates obtained from cattle and buffaloes. Out of 400 milk samples examined, 202 isolates were confirmed as S. aureus. Cefoxitin disc diffusion detected 63 MRSA isolates, whereas oxacillin disc diffusion detected 49 isolates, indicating that cefoxitin identified a higher number of phenotypically resistant isolates. Molecular detection further showed that 56 of the 63 cefoxitin-positive isolates carried the mecA gene. The distribution of mecA-positive isolates was greater in mastitic milk samples than in normal milk samples in both cattle and buffaloes, suggesting the relevance of MRSA in bovine mastitis. The findings support the usefulness of cefoxitin disc diffusion as a practical phenotypic screening method for MRSA detection in bovine milk isolates. However, PCR-based detection of the mecA gene remains important for molecular confirmation of methicillin resistance. The combined use of phenotypic and genotypic approaches can improve the reliability of MRSA identification in veterinary diagnostic laboratories. Regular monitoring of antimicrobial resistance in dairy animals and careful use of antimicrobial agents are necessary to reduce the spread of resistant S. aureus strains and to support animal and public health.
Limitations
The present study has some limitations that should be considered while interpreting the findings. The investigation was based on 400 bovine milk samples collected from cattle and buffaloes, but details regarding sampling location, herd-level distribution, farm management practices, and study duration were not described in detail. Molecular confirmation was performed for cefoxitin-positive isolates, and therefore the presence of the mecA gene among cefoxitin-negative or oxacillin-negative isolates was not fully assessed. This limits the ability to calculate complete diagnostic sensitivity and specificity for the phenotypic methods. The study focused only on the mecA gene and did not evaluate other resistance determinants or virulence-associated genes. Antimicrobial susceptibility profiling beyond oxacillin and cefoxitin was also not included. In addition, no statistical analysis was presented to compare detection methods or sample categories. Further studies with broader sampling, complete molecular screening, and detailed antimicrobial resistance profiling would provide stronger epidemiological evidence.
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