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Methicillin-resistant Staphylococcus aureus (MRSA) poses a signi�cant threat to the dairy 

industry through mastitis, causing substantial economic losses. MRSA is a zoonotic pathogen 

that transmits between livestock and humans through direct contact, contaminated 

environments, or animal products. Its prevalence is further exacerbated by inadequate 

research and the misuse of antibiotics. Objectives: To �nd molecular-based investigation of 

methicillin-resistant Staphylococcus aureus from bovine mastitis in Kasur. Methods: This study 

characterized MRSA isolates from bovine mastitis using biochemical tests and genotypic 

analysis of the Staphylococcal Cassette Chromosome mec (SCCmec), which carries the mecA 

gene that makes the bacteria resistant to β-lactam antibiotics. SCCmec typing distinguishes 

hospital-associated (HA-), community-associated (CA-), and livestock-associated (LA-) MRSA 

strains, the latter (notably CC398) exhibiting rising zoonotic concern. Results: Among 100 

mastitic milk samples, 85% (85/100) carried mecA, con�rming MRSA. Alarmingly, 78% (78/100) 

co-harbored the Panton-Valentine Leukocidin (PVL) gene, a key virulence determinant linked to 

severe infections in humans. Conclusions: The high co-occurrence of mecA (mediating 

multidrug resistance) and PVL (enhancing pathogenicity) in LA-MRSA isolates underscores a 

critical one health challenge, necessitating urgent interventions in antibiotic resistance and 

farm hygiene to mitigate transmission risks.
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resistant strains on dairy farms [3]. MRSA resistance is 
primarily driven by the mecA gene, which encodes PBP2a, a 
penicillin-binding protein with low β-lactam a�nity [4]. 
This gene resides within the SCCmec element, classi�ed by 
MRSA types: HA-MRSA, CA-MRSA, and livestock-
associated MRSA (LA-MRSA) [5]. Another key virulence 
factor is the PVL gene, encoding a cytotoxin that destroys 
immune cells and promotes tissue damage. While well-
documented in human infections, PVL-positive MRSA is 
increasingly found in livestock, including bovine mastitis 
cases. The co-detection of mecA and PVL genes signals the 
emergence of highly virulent, multidrug-resistant strains, 

I N T R O D U C T I O N

Bovine mastitis, or a mammary gland in�ammation, is a 
major problem affecting the dairy industry in the world 
because it comes with a decrease in milk production, 
quality, and the cost of treatment [1]. In countries like 
Pakistan, where the dairy sector is economically vital, 
mastitis causes annual losses in the billions due to milk 
wa s t a g e,  vete r i n a r y  ex p e n s e s ,  a n d  c u l l i n g  [ 2 ] . 
Staphylococcus aureus, especially methicillin-resistant 
strains (MRSA), is a leading mastitis pathogen, known for its 
antibiotic resistance and zoonotic potential. Subclinical 
infections, poor diagnostics, and unregulated antibiotic 
use have accelerated the emergence of multidrug-
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posing signi�cant zoonotic and public health risks [6]. 
Transmission from infected cattle to humans can occur 
through direct contact, contaminated environments, or 
unpasteurized milk. In Pakistan, where veterinary 
infrastructure and hygiene standards are often lacking, 
farm workers and consumers are particularly vulnerable. 
Studies have shown genetic overlap between human and 
animal MRSA strains, emphasizing the need for One 
Health–based surveillance and control strategies [7]. 
Despite growing concerns, MRSA detection in Pakistan's 
dairy industry remains limited to conventional tools like 
culturing and CMT, which lack sensitivity and fail to identify 
key resistance genes. Phenotypic assays may miss 
genotypic resistance, leading to treatment failures and 
prolonged infections. In contrast, PCR-based molecular 
diagnostics offer rapid and precise detection of mecA and 
PVL, guiding more targeted treatments and reducing 
empirical antibiotic use [8]. This study aims to �ll a critical 
gap in MRSA epidemiology by using PCR to characterize 
resistance and virulence in bovine mastitis isolates from 
Pakistan. Beyond laboratory insights, the �ndings can 
inform veterinary policies, antibiotic stewardship, and 
molecular diagnostic adoption. Addressing MRSA's dual 
threat of antibiotic resistance and virulence requires 
urgent, integrated responses to protect public health and 
sustain dairy productivity. 
Despite the increasing reports of methicillin-resistant 
Staphylococcus aureus (MRSA) in dairy herds worldwide, 
comprehensive molecular epidemiological data from 
Pakistan, particularly from Kasur district, remain limited. 
Most local investigations rely primarily on phenotypic 
identi�cation methods, with insu�cient characterization 
of resistance determinants such as mecA and virulence 
factors like PVL. The coexistence of multidrug resistance 
and enhanced virulence in livestock-associated MRSA has 
not been adequately explored in the regional dairy context. 
This gap restricts effective surveillance, targeted 
antibiotic stewardship, and evidence-based One Health 
interventions in Pakistan's dairy sector. This study aims to 
�nd molecular-based investigation of methicillin-resistant 
Staphylococcus aureus from bovine mastitis in Kasur.

M E T H O D S

This study utilized a descriptive cross-sectional design 
with a laboratory-based component. This study was 
conducted in the Department of Microbiology at the 
University of Punjab (May 2022 to April 2023), Lahore, with a 
focus on understanding the phenotypic and genotypic 
traits of MRSA in cases of bovine mastitis. The sampling 
technique was purposive (non-random). Samples were 
collected speci�cally from animals showing clinical signs 
of mastitis or positive California Mastitis Test (CMT) results 
to ensure the selection of infected individuals for MRSA 

analysis. This design was appropriate as it characterizes 
the prevalence, resistance patterns, and genetic pro�les of 
MRSA in a de�ned population at a single point in time. The 
analytical methods, including descriptive statistics and 
correlation, align with this study design. A total of 100 raw 
milk samples were collected aseptically from mastitic 
animals in the Kasur district, comprising 65 from cows and 
35 from buffaloes. The sample size of 100 was justi�ed 
based on an expected high MRSA prevalence of 
approximately 80-90% reported in prior regional studies. 
This provides a precision (margin of error) of roughly ±8% at 
a 95% con�dence level for prevalence estimates, which 
was deemed su�cient for this initial investigation. The 
collection was performed using sterile vials, and the 
samples were immediately. The samples were immediately 
transported in an insulated box maintained at 4°C, and 
processing was completed within 4 hours of collection to 
preserve bacterial viability. To isolate Staphylococcus 
aureus, each milk sample was cultured on Mannitol Salt 
Agar (MSA). MSA is both selective and differential: its high 
salt concentration inhibits the growth of most other 
bacteria, allowing only halotolerant organisms such as 
staphylococci to grow. The differential aspect lies in its 
ability to distinguish S. aureus from coagulase-negative 
staphylococci based on mannitol fermentation. Colonies of 
S. aureus that fermented mannitol turned the medium 
yellow due to acid production. Presumptive isolates were 
further con�rmed using Gram staining, biochemical tests 
(catalase, coagulase, DNase), and PCR-based molecular 
identi�cation targeting the mecA and PVL genes. 
Following initial screening, isolates were sub-cultured on 
Blood Agar Plates (BAPs) to assess their hemolytic activity. 
Hemolysis was categorized as α (partial), β (complete), or γ 
(no hemolysis). S. aureus commonly exhibits β-hemolysis, a 
useful identifying trait [9]. Presumptive Staphylococcus 
colonies were subjected to Gram staining. Under 
microscopic examination, Gram-positive cocci arranged in 
clusters were suggestive of Staphylococcus aureus [10]. 
Further biochemical con�rmation was carried out through: 
Catalase Test: A drop of hydrogen peroxide (3%) was placed 
on a glass slide with the bacterial colony. Immediate 
bubbling indicated the presence of the catalase enzyme, 
con�rming the staphylococcal species. Coagulase Test: A 
de�nitive test for S. aureus, this was done by mixing the 
bacterial culture with rabbit plasma. The presence of clot 
formation within 4 hours indicated coagulase-positive S. 
All tests were performed in duplicates. aureus. DNase Test: 
To  a s s e s s  t h e  a b i l i t y  o f  i s o l a t e s  t o  p r o d u c e 
Deoxyribonuclease, cultures were streaked on DNase agar 
plates and incubated. Plates were �ooded with 1N HCl to 
precipitate DNA [11]. Clear zones around colonies 
con�rmed DNase activity,  suppor ting S.  aureus 
identi�cation. Laboratory Standards Institute) guidelines. 
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The antibiotics used included: Oxacillin (1 µg), Cefoxitin (30 
µg), Vancomycin (30 µg) [12]. The bacterial lawn was 
prepared on Mueller-Hinton Agar (MHA), and disks were 

placed aseptically. After incubation at 35℃ for 24 hours, 
zones of inhibition were measured. Resistance to cefoxitin 
and oxacillin indicated MRSA. The zone diameter 
interpretive criteria followed CLSI standards: for oxacillin (1 
µg), a zone ≤10 mm indicates resistance; for cefoxitin (30 
µg), a zone ≤21 mm indicates resistance. Vancomycin 
susceptibility was interpreted according to CLSI 
guidelines. Vancomycin-resistant isolates, if any, were 
noted for further molecular con�rmation. Control strains 
included S. aureus ATCC 25923 (MSSA) and ATCC 43300 
(MRSA) for validating antibiotic testing and PCR. Cefoxitin 
and oxacillin were used as surrogate markers for the 
detection of MRSA phenotypically. Isolates showing 
reduced susceptibility to these antibiotics were selected 
for genotypic con�rmation of the mecA gene, a critical 
determinant of methicillin resistance. Genomic DNA was 
extracted using the CTAB method with a lysozyme 
pretreatment step to break the thick peptidoglycan layer of 
Gram-positive bacteria, ensuring high-quality DNA for 
downstream PCR. Brie�y, bacterial pellets were lysed using 
lysozyme, followed by treatment with CTAB buffer. Proteins 
were precipitated using chloroform-isoamyl alcohol, and 
DNA was precipitated with isopropanol. The DNA was then 
washed with ethanol and resuspended in TE buffer. DNA 
quality and quantity were assessed using a NanoDrop 
spectrophotometer and 1% agarose gel electrophoresis. 
Only samples with an A260/280 ratio of 1.8–2.0 and an 
A260/230 ratio >1.8 were used for PCR ampli�cation [12]. 
The presence of the mecA  and Panton-Valentine 
Leukocidin (PVL) genes was con�rmed via polymerase 
chain reaction (PCR) using gene-speci�c primers. mecA 
primers: Forward: 5'-AAA ATC GAT GGT AAA GGT TGG C-3', 
Reverse: 5'-AGT TCT GCA GTA CCG GAT TTG C-3'. PVL 
primers: Forward: 5'-ATC ATT AGG TAA AAT GTC TGG ACA 
TGA TCCA-3', Reverse: 5'-GCA TCA AST GTA TTG GAT AGC 
AAA AGC-3'. PCR conditions: Initial denaturation at 94°C for 
5 minutes. 30 cycles of: Denaturation at 94°C for 30 
seconds, Annealing at 55°C (mecA) / 57°C (PVL) for 30 
seconds, Extension at 72°C for 30 seconds, Final extension 
at 72°C for 5 minutes. PCR products were analyzed on a 
1.5% agarose gel electrophoresis stained with ethidium 
bromide. PCR bands (mecA ~533 bp, PVL ~433 bp) were 
c o n � r m e d  u s i n g  a  M R S A- p o s i t i ve  c o n t r o l ,  a n d 
representative products were sequenced for validation. In 
this study, statistical analyses were carried out using IBM 
SPSS Statistics version 25. The prevalence of MRSA was 
determined by expressing the number of mecA-positive 
isolates as a percentage of the total samples. Inhibition 
zone diameters from the disk diffusion assays for oxacillin, 
cefoxitin, and vancomycin were summarized using 

descriptive statistics, calculating means and standard 
deviations to capture central tendency and dispersion. The 
data analysis plan was explicitly tailored to meet the study's 
objectives and handle the speci�c types of data collected. 
Descriptive statistics characterized the basic features of 
the data, the Chi-square test assessed crucial categorical 
associations, the independent t-test compared means 
between two animal species, and Pearson's correlation 
quanti�ed relationships between key continuous variables, 
providing a comprehensive analytical approach. To 
evaluate the association between phenotypic resistance 
(disk diffusion results) and genotypic con�rmation (mecA 
presence), a Chi-square test of independence was 
employed, with p<0.05 indicating statistical signi�cance. 
Differences in inhibition zone diameters between cow- and 
buffalo-derived isolates were compared using a one-way 
ANOVA. Finally, Pearson's correlation coe�cient (r) was 
calculated, with r = 0–0.3 considered weak, 0.3–0.6 
moderate, and 0.6–1.0 strong correlation. "Finally, 
Pearson's correlation coe�cient (r) was calculated to 
assess the strength and direction of the relationship 
between mecA and PVL gene carriage and between 
antibiotic inhibition zones. The strength of correlation was 
interpreted using the following thresholds: |r| = 0.00–0.30 
was considered weak, |r| = 0.31–0.60 moderate, and |r| = 
0.61–1.00 strong." to assess the strength and direction of 
the relationship between mecA and PVL gene carriage. All 
microbiological work was performed in a Biosafety Level 2 
laboratory under sterile conditions. Positive and negative 
controls were run with each PCR batch to ensure validity. 
Autoclaved materials and proper aseptic techniques were 
employed throughout the study.

R E S U L T S

Although 100 milk samples were collected for MRSA 
analysis, these were obtained from 104 animals because 
some animals contributed samples from multiple udders. 
Mastitis was detected in 103/104 (99%) of animals. Herds 
were generally small-to-medium (2–5 animals; 85%), with 
infrequent milking (0–2 times/day) and limited udder 
sampling (1–3 udders/animal). Hygiene practices were 
poor: only 19/104 (18.3%) of samples re�ected proper milker 
hand hygiene, and 28/104 (26.9%) were collected under 
hygienic milking conditions. Weak correlations between 
hygiene and mastitis positivity (r ≈ 0.05–0.06) suggest that 
current practices are insu�cient to control infection. 
Phenotypic resistance pro�ling con�rmed universal 
oxacillin resistance (0mm, median; range 0–2mm) in all 100 
isolates. Cefoxitin resistance was observed in 60% of 
isolates (mean inhibition zone: 15.3 ± 3.2mm; range 10–22 
mm), while 51% showed vancomycin resistance (mean: 
19.77 ± 5.89mm; range 12–28mm). Vancomycin showed 
variable susceptibility (median zone: 21 mm), contrasting 
with minimal inhibition for oxacillin/cefoxitin (median: 0 
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Figure 1: Correlation of Surf Field Mastitis Test, with Sampling 

Parameters Like Herd Distribution, Udder Number, Frequency of 

Lactation

Figure 3: Distribution of mecA and PVL Gene among MRSA 

Samples 

Genotypic analysis detected the mecA gene (encoding 
PBP2a) in 85% (85/100) of MRSA isolates, con�rming β-
lactam resistance. The remaining 15% (15/100) mecA-
negative MRSA implies alternative resistance mechanisms 
(e.g., modi�ed PBPs). The virulence-associated PVL gene 
was prevalent in 78% (78/100) of isolates. Strain pro�ling 
revealed signi�cant divergence: HL-SK exhibited hyper-
virulence with robust mecA/PVL co-occurrence and high 
enzymatic activity (catalase: 27/30, DNase: 22/30, 
coagulase: 18/30). In contrast, HL-DS and HL-PK showed 
minimal enzymatic/genotypic virulence. Strains like HL-KK 
( h i g h  m e c A ,  l o w  P V L )  s u g g e s t e d  B i o c h e m i c a l 
heterogeneity was evident, with catalase/DNase activity 
ranging from high (HL-DH, HL-KK, HL-KP) to low (HL-PK, 
HL-DS) (Figure 2).

47
FBT VOL. 5 Issue. 3 July-Sep 2025 Copyright © 2025. FBT, Published by Crosslinks International Publishers LLC, USA

Figure 2: Correlation of Oxacillin, Cefoxitin, and Vancomycin 

Distribution among MRSA Strains

The convergence of widespread mecA-mediated 
resistance (85%), high PVL virulence (78%), and de�cient 
on-farm hygiene underscores signi�cant zoonotic risks, 
particularly from hyper-virulent strains like HL-SK in dairy 

D I S C U S S I O N 

This study offers an in-depth analysis of antimicrobial 
resistance (AMR) patterns in Staphylococcus aureus, 
speci�cally targeting MRSA strains isolated from bovine 
mastitis milk samples [13, 14].  The resistance prevalence 
data will be revised to include 95% con�dence intervals 
(95% CI) for all percentage estimates. For example, the 
prevalence of the *mecA* gene will be reported as 85% 
(95% CI: 76.2% - 91.1%). This addition will provide a measure 
of the precision and reliability of the prevalence estimates 
reported in the study [15, 16]. Complete resistance to 
oxacillin and notable resistance to cefoxitin and 
vancomycin re�ect the growing clinical and zoonotic risks 
posed by these strains in livestock environments. Universal 
phenotypic resistance to oxacillin validates the MRSA 
classi�cation of all isolates. However, only 85% harbored 
the mecA gene, indicating a possible divergence between 
phenotypic and genotypic resistance. This suggests the 
presence of alternative resistance mechanisms such as 
PBP mutations, e�ux pumps, or epigenetic modi�cations 
that enable methicil l in resistance without mecA 
involvement [17]. Alterations in native PBPs, such as PBP2, 
can reduce a�nity for β-lactam antibiotics, leading to 
resistance without the presence of mecA [18]. The 
Discrepancy underlines the necessity of using combined 
diagnostic approaches rather than relying solely on genetic 
markers. Cefoxitin resistance in 60% of isolates, typically a 
reliable marker for mecA presence, supports its diagnostic 
value, though 40% of isolates remained susceptible 
despite being phenotypically resistant to oxacillin. This 
may re�ect suppressed mecA expression or phenotypic 
heterogeneity. Vancomycin resistance in 51% isolates is 
especially alarming, as it compromises one of the last-
resort antibiotics for MRSA [12]. Such resistance indicates 
the emergence of VISA/VRSA strains, presenting a direct 
threat to veterinary and public health. The molecular 
detection of virulent genes further clari�es the pathogenic 
pro�le of these isolates. The mecA gene, encoding the 
penicillin-binding protein PBP2a, was prevalent in 85% of 
strains, while 78% carried the PVL gene, a bicomponent 
leukotoxin associated with increased necrosis and immune 
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mm). A moderate correlation existed between cefoxitin and 
vancomycin responses (r > 0.4), while oxacillin resistance 
was independent. Correlation of the surf �eld mastitis test 
with sampling parameters like herd distribution, Udder 
number, Frequency of lactation, Herd size, and hygiene 
graphs is made using pandas and Matplotlib libraries for 
statistical analysis (Figure 1). 

settings. Vancomycin resistance (51%) further threatens 
last-line therapy e�cacy (Figure 3).



system evasion (Itodo, 2023). The co-presence of mecA 
and PVL genes, particularly in strains like HL-SK, suggests 
simultaneous selection of resistance and virulence traits, 
potentially increasing pathogenicity and complicating 
treatment, although direct clinical outcome data were not 
assessed in this study. Biochemical testing supported the 
genotypic data, with HL-SK exhibiting strong enzymatic 
activity and maximum mecA/PVL expression, classifying it 
as a hypervirulent MRSA variant. In contrast, HL-DS and 
HL-PK showed low enzymatic and genotypic virulence. 
These obser vations suggest a potential  role for 
biochemical assays in screening strain virulence and 
resistance levels. Epidemiological �ndings contextualized 
these results, revealing a nearly universal mastitis 
prevalence in herds despite partial hygiene measures. 
Weak correlations between hygiene practices and mastitis 
incidence suggest that current efforts are inadequate or 
inconsistently applied [19, 20]. Poor milk-hand hygiene and 
unsanitary environments likely contribute to persistent 
transmission of resistant strains. Bio�lm formation was 
not assessed in this study, but it is recognized as a key 
factor in bacterial persistence and antimicrobial 
resistance in dairy settings. Resistance pro�ling through 
statistical and graphical analysis revealed distinct 
susceptibility patterns. Cefoxitin and oxacillin showed 
narrow, compressed inhibit ion zones re�ecting 
widespread resistance. In contrast, vancomycin displayed 
a broader range, indicating mixed susceptibility. Heatmap 
correlations showed moderate linkage between cefoxitin 
and vancomycin resistance, implying possible shared 
regulatory pathways [10]. Oxacillin resistance, with 
minimal correlation to other antibiotics, suggests 
independent or unique resistance mechanisms. These 
insights emphasize the need for comprehensive AMR 
surveillance, multi-target diagnostics, and enhanced farm 
biosecurity to control hypervirulent MRSA in dairy settings.
This study has certain limitations, including a relatively 
small sample size con�ned to a single district and the use of 
purposive sampling, which may limit the generalizability of 
�ndings to other regions. Whole genome sequencing 
(WGS) and bio�lm formation assays were not performed, 
restricting deeper insight into resistance mechanisms and 
strain evolution. Additionally, clinical outcome data and 
direct zoonotic transmission assessment were beyond the 
scope of this study. Future research should incorporate 
multi-regional surveillance, larger sample sizes, WGS-
based molecular typing, and longitudinal studies to better 
understand MRSA transmission dynamics. Strengthening 
farm biosecurity, antibiotic stewardship programs, and 
integrated One Health monitoring frameworks will be 
essential to mitigate the growing threat of hypervirulent 
and multidrug-resistant MRSA in Pakistan.
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C O N C L U S I O N

This study on MRSA from bovine mastitis cases in Kasur 

highlights a complex antimicrobial resistance pro�le that 

necessitates integrated control strategies. All 100 isolates 

showed phenotypic resistance to oxacillin, con�rming 

widespread MRSA prevalence. However, only 85% carried 

the mecA  gene, suggesting alternative resistance 

mechanisms such as beta-lactamase overproduction or 

mutations in penicillin-binding proteins. Cefoxitin 

resistance in 60% of isolates reinforces its diagnostic 

relevance, though the remaining 40% may involve 

heteroresistance or suppressed mecA expression. 

Vancomycin resistance in 51% of isolates raises serious 

concerns, indicating the emergence of VISA/VRSA strains 

in livestock. The PVL gene, detected in 78% of isolates, 

points to signi�cant virulence potential, particularly in co-

mecA/PVL positive strains like HL-SK, which also exhibited 

peak enzymatic activity, marking it as hypervirulent. 

Epidemiological data showed generally poor farm hygiene, 

including limited handwashing and unsanitary milking 

practices, which were only weakly associated with mastitis 

prevalence.
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