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Abstract:
Antimicrobial resistance (AMR) is a global health concern affecting both human and veterinary sectors. Overuse and misuse of antibiotics is accelerating the problem of antimicrobial resistance in the pathogens causing infectious diseases. Mastitis is the painful inflammation of mammary gland and is considered as common infection of dairy cattle. Several studies emphasized that the bacterial pathogens associated with bovine mastitis are multidrug resistant. Hence, the present study is carried out to determine prevalence and antimicrobial resistance patterns of bacterial pathogens causing bovine mastitis. A total of 120 mastitic milk samples were collected and the prevalence rates were analyzed according to breed, age, parity and lactation stages. The identification of bacterial strains was performed based on cultural characteristics on specific media, biochemical tests and molecular identification using specific primers. Antibiotic susceptibility testing of the isolates was done by Kirby-Bauer disk diffusion test. Results indicated the presence of Staphylococcus aureus, Escherichia coli, Klebsiella, and Salmonella spp. at prevalence rates of 19.53%, 10%, 2.5%, and 5.8% respectively. Determination of the AMR profile revealed the resistance of all pathogens towards ampicillin. S. aureus is predominantly resistant to penicillin (100%), followed by methicillin (94.74%), and ampicillin (89.47%), E. coli to ampicillin (96.6%), amoxicillin and ciprofloxacin (83.33% each), Klebsiella to ampicillin and amoxicillin (100%) whereas Salmonella spp. to ampicillin (100%) and amoxicillin (85.71%). The findings of the study suggested the high prevalence of multidrug resistant pathogens causing mastitis, increasing the risk of reduced antimicrobial efficacy and affecting the public health.
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1. INTRODUCTION
Bovine mastitis is the inflammation of mammary gland, one of the common and highly critical infectious condition of dairy cattle worldwide (Cheng and Han, 2020). The condition incurs severe economic losses in the dairy industry due to reduction in milk yield, altered milk quality, treatment costs and premature culling of affected animals (Dejyong et al., 2022). The incidence of mastitis in dairy animals has been reported to be 50% (Kumar et al., 2016) and the estimated economic loss per animal for a single lactation period is ₹ 21,677 to ₹ 88,340 (Saini et al., 2021)
Mastitis is multi-etiological disease caused by variety of pathogens including viruses, fungi and parasites, but predominantly of bacterial origin. About 150 various bacterial species/sub-species can induce mastitis in dairy cattle (El-Sayed and Kamel, 2021). The common bacterial agents include Staphylococcus aureus, Streptococcus agalactiae, Mycoplasma spp, Pseudomonas aeruginosa, Corynebacterium bovis, Escherichia coli, Klebsiella spp, Salmonella spp and Enterobacter spp. (Cobirka et al., 2020). Identification of causative pathogen is of critical importance for adapting better control and treatment strategies. Traditional methods include microbial culturing and biochemical tests, but are time consuming and false negative results may be obtained. Molecular detection-based methods have the potential to detect the pathogenic organisms from milk samples (Ashraf & Imran, 2018).
Treatment of clinical mastitis significantly relies on antimicrobial agents, yet in recent years, this approach has become increasingly difficult due to the rise of antimicrobial resistance (AMR). Widespread misuse of antibiotics, both in human and veterinary medicine, hastens the evolution of AMR, complicating the treatment of even routine infections and potentially paving the way for the emergence of more virulent microbial strains. AMR arises due to the evolution of resistance-causing genes in bacteria; limited uptake (or) inactivation of a therapeutic agent; modifying a drug target and/or active drug efflux (Blanco et al., 2016). The resistance-causing genes are of plasmid origin and/or obtained from virulent bacteria by means of horizontal gene transfer (Santos-Lopez et al., 2019).
The main public health concern with mastitis instances includes emergence of multi drug resistant (MDR) bacteria and the potential for human transmission through consumption of raw dairy products. Mastitis milk has been documented to harbour MDR bacterial strains (Emon et al., 2024; Getahun et al., 2025). The majority of the bacteria isolated from mastitis showed resistance to commonly used antibiotics. Keeping in view of the emergence of MDR isolates, the current investigation was carried out in Tirupati district of Andhra Pradesh, India to know the prevalence of bacterial pathogens associated with bovine mastitis along with their antimicrobial resistance profiles to develop effective treatment protocols as well as for the welfare of the ailing animals.
2. MATERIALS AND METHODS
2.1 Study area and study population
The study was carried out from February to September, 2024 in the district of Tirupati, Andhra Pradesh, India. The study population comprised of Jersey, Holstein-Friesian and cross bred dairy cows with clinical mastitis that were presented to various veterinary hospitals in the study area. The udder of the suspected animals had signs like swelling, redness, pain and the milk appeared watery with clots or in some cases blood tinged. 
2.2 Collection of samples
Samples were carefully collected after cleaning the teats with 70% ethanol swabs. The initial three drops of milk were discarded and then 10ml of milk was collected aseptically in sterile tubes. Mastitis was confirmed in the collected samples by California mastitis test and brought to the laboratory. Samples were stored at 4℃ until further processing and the data was analyzed according to their breed, age, parity, and stage of lactation. 
2.3 Isolation and identification of bacteria
For preliminary isolation and identification of bacteria, milk samples were mixed well and inoculated into nutrient broth and kept for 18-24 h at 37℃. A loopful of broth was streaked initially on nutrient agar followed by Grams staining. After Grams staining procedure, colonies were streaked on specific media like Mannitol salt agar (MSA), Eosin-Methylene Blue agar (EMB), MacConkey’s agar (MCC), and Brilliant green agar (BGA) to isolate the organisms. Golden yellow-colored colonies with yellowish discoloration of MSA indicated the characteristic growth of S. aureus, for E. coli characteristic metallic sheen formation on EMB agar, for Klebsiella spp pink-coloured mucoid colonies on MCC, and pinkish red colonies on BGA indicated Salmonella spp. Biochemical tests, IMViC tests was carried out for the suspected positive isolates for further confirmation. 
2.4 Molecular confirmation
Molecular confirmation of the isolates was done by amplification of the specific genes, nuc gene for S. aureus, 16s rRNA gene for E. coli and Klebsiella spp and random chromosomal fragment for Salmonella spp. The sequence of the primers used and the amplification conditions were mentioned in table1. The amplified products were visualized in 1.2% agarose gels. 
Table 1: Oligonucleotide primer sequences 
	Species
	Gene
	Primer Sequence (5’-3’)
	Amplicon Size (bp)
	Reference

	S. aureus
	nuc
	F- GCGATTGATGGTGATACGGTT
	279
	Brakstad et al., 1992

	
	
	R- AGCCAAGCCTTGACGAACTAAAGC
	
	

	E. coli
	16S rRNA

	ECO223:  F-ATCAACCGAGATTCCCCCAGT
	232
	Ahmed, 2021

	
	
	ECO455: R-TCACTATCGGTCAGTCAGGAG
	
	

	K. pneumonia
	16S rRNA

	SSKP 1: F-ATTTGAAGAGGTTGCAAACGAT
	130
	

	
	
	SSKP 2: R- TTCACTCTGAAGTTTTCTTGTGTTC
	
	

	Salmonella
	random chromosomal fragment
	ST 11: F-GCCAACCATTGCTAAATTGGCGCA
	429
	Soumet et al., 1999

	
	
	ST 15: R-GGTAGAAATTCCCAGCGGGTACTGG
	
	



2.5 In-vitro antibiotic sensitivity testing by disc diffusion method
Antibiotic resistance pattern of the isolates against different antibiotics was tested by using disk diffusion method according to Clinical and Laboratory Standards Institute (CLSI, 2022) guidelines. Bacterial suspensions were prepared in 0.9% phosphate-buffered saline (PBS) and adjusted to 0.5 McFarland standard. The suspensions were uniformly spread over MHA plates using sterile cotton swabs. The following antibiotics were tested: Ampicillin (10 µg), Doxycycline (30 µg), Enrofloxacin (10 µg), Penicillin (10 µg), Cefotaxime (30 µg), Methicillin (30 µg), Kanamycin (30 µg), Ciprofloxacin (5 µg), Gentamicin (10 µg), Vancomycin (10 µg), Streptomycin (300 µg), Cephalexin (30 µg), Tetracycline (10 µg), and Erythromycin (10 µg). Antibiotics were selected based on their relevance in veterinary and human medicine. Antibiogram data were analyzed using WHONET 2023 software.
3. RESULTS AND DISCUSSION
A total of 120 bovine mastitis milk samples were collected aseptically and the presence of clinical mastitis in milk samples was confirmed by physical examination of milk and California mastitis test. The prevalence and incidence of clinical mastitis was analyzed based on breed, age and stage of lactation. Highest prevalence of mastitis was observed in cross bred animals with incidence rate of 64.17% compared to Jersey (17.5%) and Holstein-Friesian (18.33%). A higher prevalence rate of 54.17% and 43.33% was noticed in early and mid-lactation stages compared to 2.5% in the late stages of lactation. Animals of ages 3-5 years (44.17%) and 6-9 years (49.17%) were highly affected of mastitis (table 2). The findings of higher incidence of mastitis at 6-9 years age and parity (4-7) was similar to the study conducted by Haftu et al. (2012) indicating the increased frequency of mastitis occurrence with time and prolonged period of infection.
Table 2: Prevalence of mastitis according to breed, age, parity, and stage of lactation
	Risk factors
	Category level
	Number
	Prevalence (%)

	Breed
	Jersey
	21
	17.5

	
	Holstein-Friesian
	22
	18.33

	
	Crossbred
	77
	64.17

	Age
	3-5 years
	53
	44.17

	
	6-9 years
	59
	49.17

	
	9 years and above
	8
	6.66

	Parity
	1-3
	47
	39.17

	
	4-7
	62
	51.67

	
	>7
	11
	9.16

	Lactation stage
	Early (<3 months)
	65
	54.17

	
	Mid (3-6 months)
	52
	43.33

	
	Late (>6 months)
	3
	2.5



Bacterial isolation of S. aureus, E. coli, Salmonella and Klebsiella species from clinical mastitis cases has been carried out using specific agar media. The prevalence rates of predominant bacterial isolates identified in this study include 19.53% S. aureus (19/120), 10% E. coli (12/120), 2.5% Klebsiella spp. (3/120), and 5.8% Salmonella spp. (7/120) based on their cultural characteristics, biochemical tests and molecular confirmation (Fig.1, 2 and 3). The results showed that S. aureus was the predominant bacteria associated with mastitis cases followed by E. coli and Salmonella while Klebsiella was the least occurring bacterial isolate. 
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Fig. 1: 	PCR amplification of nuc gene of Staphylococcus aureus
Note: 1: Negative control; 2: Positive control (279bp); M: DNA ladder (100 bp) 4,5,6,8,9,10: Positive Staphylococcus aureus isolates
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Fig. 2 PCR amplification of 16S rRNA gene of Escherichia coli (232 bp) and Klebsiella pneumoniae (130 bp)
Note: 1, 17: Negative control; M: DNA ladder (100 bp); 2-12: Positive Escherichia coli isolates; 15-16: Positive Klebsiella pneumoniae isolates. 13 & 14- Positive controls
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Fig. 3: PCR amplification of random chromosomal fragment of Salmonella isolates.
Note: 1: Negative control; 2-4: Positive Salmonella isolates (429 bp); M: DNA ladder (100 bp)
The prevalence of S. aureus (15.83%) observed in this study was identical to the prevalence rate of 15.93% as reported by Khoramrooz et al. (2016), and the prevalence of E. coli (10%) and K. pneumoniae (2.5%) was identical to the reports of Navaneethan et al. (2017) as 10.57% and 2.9%, respectively. Given that nuc gene is highly specific for S. aureus and was not detected in other species like S.  intermedius, S. hyicus or other mastitis causing bacteria, it was used for confirmation of S. aureus (Graber et al., 2007). 16S rRNA gene used for the confirmation of E. coli and Klebsiella is highly conserved in bacteria and the degree of conservation is assumed to result from its importance as a critical component of cell function and it marks evolutionary distance and relatedness of organisms (Clarridge, 2004).
The antibiogram patterns of the isolates were tested by modified Kirby-Bauer disc diffusion method and the results analyzed by WHONET software showed that most of the isolates were multidrug resistant except for Salmonella spp. (tables 3, 4,5 and 6). Among the mastitis pathogens, S. aureus isolates showed 100 % resistance to penicillin (100%), followed by methicillin (94.74%), ampicillin (89.47%), kanamycin and vancomycin (73.68 % each), and cefotaxime (68.42 %) (Fig. 4). Majority of E. coli isolates exhibited resistance to ampicillin (96.6%), followed by amoxicillin and ciprofloxacin (83.33% each) (Fig. 4). The Klebsiella showed 100% resistance to ampicillin and amoxicillin, followed by doxycycline, ciprofloxacin, and cefotaxime (66.66% each) (Fig. 4). The isolates of Salmonella spp. showed 100% resistance to ampicillin followed by amoxicillin (85.71%), doxycycline, and cefotaxime (57.1% each) (Fig. 4). Analysis of the resistance profile of the isolates in WHONET suggested that all the isolates of S. aureus and Klebsiella and 10 isolates of E. coli were for possible extensively drug resistant. Four of the S. aureus isolates, nine and three isolates of E. coli and Klebsiella respectively were possibly pan drug resistant. 
Table 3: Antibiotic-resistant profile of Staphylococcus aureus isolated from bovine mastitis milk samples
	Isolate No.
	Resistance profile (Intermediate to resistant)
	MDR
	XDR
	PDR

	St1
	AMP CTX LEX CIP DOX ERY GEN KAN MET PNV TCY VAN
	MDR
	Possible XDR
	Possible PDR

	St2
	AMP CTX   GEN KAN MET PNV STH VAN
	
	
	

	St3
	AMP CTX CIP DOX ERY GEN KAN MET PNV VAN
	MDR
	Possible XDR
	

	St4
	CTX CIP DOX ERY GEN KAN MET PNV TCY VAN
	MDR
	Possible XDR
	Possible PDR

	St5
	CTX LEX CIP ERY GEN KAN MET PNV VAN
	MDR
	Possible XDR
	

	St6
	AMP CIP DOX GEN KAN MET PNV TCY VAN
	MDR
	Possible XDR
	

	St7
	AMP CTX CIP ERY GEN KAN MET PNV TCY VAN
	MDR
	Possible XDR
	Possible PDR

	St8
	AMP CTX DOX GEN KAN MET PNV TCY VAN
	MDR
	Possible XDR
	

	St9
	AMP CTX LEX CIP DOX KAN MET PNV TCY VAN
	MDR
	Possible XDR
	

	St10
	AMP CTX CIP ENR KAN PNV VAN
	
	
	

	St11
	AMP CTX CIP ENR ERY MET PNV VAN
	MDR
	Possible XDR
	

	St12
	AMP CTX LEX CIP ERY GEN KAN MET PNV VAN
	MDR
	Possible XDR
	

	St13
	AMP CTX DOX ENR GEN KAN MET PNV VAN
	
	
	

	St14
	AMP CTX CIP DOX ENR ERY GEN KAN MET PNV STH TCY
	MDR
	Possible XDR
	Possible PDR

	St15
	AMP CTX CIP DOX ERY KAN MET PNV TCY VAN
	MDR
	Possible XDR
	

	St16
	AMP    CIP     MET PNV VAN
	
	
	

	St17
	AMP CTX LEX CIP DOX ERY MET PNV STH TCY VAN
	MDR
	Possible XDR
	

	St18
	AMP LEX DOX ERY GEN MET PNV STH TCY VAN
	MDR
	Possible XDR
	

	St19
	AMP CTX CIP GEN KAN MET PNV STH VAN
	MDR
	Possible XDR
	


Note: Data was analyzed using WHONET 2023. MDR- Multidrug-resistant; XDR- Extensively drug-resistant; PDR- pandrug-resistant; AMP- Ampicillin; CTX- Cefotaxime; LEX- Cephalexin; CIP-Ciprofloxacin; DOX- Doxycycline; ENR- Enrofloxacin; ERY- Erythromycin; GEN- Gentamicin; KAN-Kanamycin; MET- Methicillin; PNV- Penicillin; STH- Streptomycin; TCY- Tetracycline; VAN-Vancomycin.
Table 4:  Antibiotic-resistant profile of Escherichia coli isolated from bovine mastitis milk samples
	Isolate No.
	Resistance profile (Intermediate to resistant)
	MDR
	XDR
	PDR

	E1
	AMX AMP CTX CIP DOX     GEN KAN
	MDR
	Possible XDR
	Possible PDR

	E2
	AMX AMP CTX CIP DOX ENR GEN KAN
	MDR
	Possible XDR
	Possible PDR

	E3
	AMX AMP CTX CIP DOX     GEN KAN
	MDR
	Possible XDR
	Possible PDR

	E4
	AMX AMP CTX CIP DOX ENR GEN KAN
	MDR
	Possible XDR
	Possible PDR

	E5
	AMX AMP CTX CIP DOX     GEN KAN
	MDR
	Possible XDR
	Possible PDR

	E6
	AMX AMP CTX CIP DOX ENR GEN KAN
	MDR
	Possible XDR
	Possible PDR

	E7
	CIP GEN KAN
	-
	-
	-

	E8
	AMX AMP
	-
	-
	-

	E9
	AMX AMP CTX CIP DOX     GEN KAN
	MDR
	Possible XDR
	Possible PDR

	E10
	AMX AMP CTX CIP     ENR GEN
	MDR
	Possible XDR
	

	E11
	AMX AMP CTX CIP DOX     GEN KAN
	MDR
	Possible XDR
	Possible PDR

	E12
	AMX AMP CTX CIP DOX     GEN KAN
	MDR
	Possible XDR
	Possible PDR


Note: Data was analyzed using WHONET 2023. MDR- Multidrug-resistant; XDR- Extensively drug-resistant; PDR- pandrug-resistant; AMX- Amoxicillin; AMP- Ampicillin; CTX- Cefotaxime; CIP- Ciprofloxacin; DOX- Doxycycline; ENR- Enrofloxacin; GEN- Gentamicin; KAN- Kanamycin
Table 5:  Antibiotic-resistant profile of Klebsiella pneumoniae isolated from bovine mastitis milk samples
	Isolate No.
	Resistance profile (Intermediate to resistant)
	MDR
	XDR
	PDR

	K1
	AMX AMP CTX CIP DOX GEN KAN
	MDR
	Possible XDR
	Possible PDR

	K2
	AMX AMP CTX CIP DOX GEN KAN
	MDR
	Possible XDR
	Possible PDR

	K3
	AMX AMP CTX CIP DOX GEN KAN
	MDR
	Possible XDR
	Possible PDR


Note: Data was analyzed using WHONET 2023. MDR- Multidrug-resistant; XDR- Extensively drug-resistant; PDR- pandrug-resistant; AMX- Amoxicillin; AMP- Ampicillin; CTX- Cefotaxime; CIP- Ciprofloxacin; DOX- Doxycycline; ENR- Enrofloxacin; GEN- Gentamicin; KAN- Kanamycin
Table 6:  Antibiotic-resistant profile of Salmonella isolated from bovine mastitis milk samples
	Isolate No.
	Resistance profile (Intermediate to resistant)
	MDR
	XDR
	PDR

	S1
	AMX AMP CTX CIP GEN KAN
	-
	-
	-

	S2
	AMP CIP
	-
	-
	-

	S3
	AMX AMP CTX CIP DOX KAN
	-
	-
	-

	S4
	AMX AMP CTX CIP DOX GEN KAN
	-
	-
	-

	S5
	AMX AMP CTX CIP DOX GEN KAN
	-
	-
	-

	S6
	AMX AMP CIP GEN KAN
	-
	-
	-

	S7
	AMX AMP CTX CIP DOX KAN
	-
	-
	-


Note: Data was analyzed using WHONET 2023. MDR- Multidrug-resistant; XDR- Extensively drug-resistant; PDR- pandrug-resistant; AMX- Amoxicillin; AMP- Ampicillin; CTX- Cefotaxime; CIP- Ciprofloxacin; DOX- Doxycycline; ENR- Enrofloxacin; GEN- Gentamicin; KAN- Kanamycin
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Fig. 4: Resistance profile (Intermediate to resistant) of isolates to different antibiotics
A. Staphylococcus aureus B. Escherichia coli C. Klebsiella pneumoniae and D. Salmonella
Note: Data obtained from WHONET 2023 data analysis. AMP- Ampicillin; CTX- Cefotaxime; LEX- Cephalexin; CIP-Ciprofloxacin; DOX- Doxycycline; ENR- Enrofloxacin; ERY- Erythromycin; GEN- Gentamicin; KAN-Kanamycin; MET- Methicillin; PNV- Penicillin; STH- Streptomycin; TCY- Tetracycline; VAN-Vancomycin.

In the current study, all the isolates of S. aureus have shown resistance to penicillin. Further, it was found that 94.74% of isolates showed resistance to methicillin (94.74%), and 89.47% isolates were resistant to ampicillin. The resistance exhibited towards ampicillin was in accordance with the reports of Abed et al. (2021) at 96% and 93%, respectively. High resistance developed against ampicillin may be because of the most common usage of β-lactam antibiotics in the treatment of mastitis (Abed et al., 2018). Resistance to methicillin reported in this study was lower (80%) than the results of Yuan et al. (2017). The AMR exhibited by E. coli, K. pneumoniae, and Salmonella spp. isolates to ampicillin (96.6%, 100% and 100%, respectively) were identical to the reports of Gebeyehu et al. (2022), respectively. Similarly, amoxicillin resistance exhibited by the isolates (E. coli- 83.33%, Klebsiella - 100%, and Salmonella spp.- 85.71%) were identical to the reports of Cheng et al. (2019) (81%), Singh et al. (2018) (96%), and Jaja et al. (2019) (82%), respectively. Imprudent usage of antibiotics without corresponding to the culture and antibiotic sensitivity test might be the reason for the similar drug resistance patterns observed among most of the mastitis pathogens 
4. CONCLUSION
According to the results of this study, the antibiogram pattern of bovine mastitis bacterial isolates to different antibiotics was almost similar, suggesting the possibility for the emergence of antimicrobial resistance among mastitis bacterial pathogens which might be due to inappropriate dosage regimen and indiscriminate usage of antimicrobials. A high percentage of methicillin resistance exhibited by the S. aureus isolates should also be considered a serious issue due to its zoonotic importance. Isolation and identification of mastitis causing bacteria along with their resistance profile studies from different parts of the country is necessary to monitor the prevalence of this problem. The usage of antibiotics in accordance with guidelines minimizes the risk of the evolution of multidrug resistance in bacteria affecting mastitis. In brief, our results demonstrate the importance of establishing a nationwide plan for monitoring the AMR pattern and ensuring the appropriate usage of antibiotics in Veterinary Science.
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