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Abstract 
The study was aimed to isolate staphylococci from cattle and to determine their antibiotic resistance 

pattern. A total of 200 milk samples of cattle suffering from subclinical / clinical mastitis were included in the 

present study. Out of 200 samples processed for isolation, 173 isolates were confirmed as genus 

staphylococci based on PCR amplification of tstaG gene. All the confirmed isolates were further analyzed for 

antibiotic sensitivity for different antibiotics. The antibiogram of isolates in the present study revealed that 

maximum numbers of isolates have the resistance against oxacillin (62.42%) followed by cefoxitin (53.76%), 
Rifampicin (47.40%), erythromycin (38.15%) and gentamicin (31.79%). The study shows low resistance 

against clindamicin (29.48%), ciprofloxacin (13.29%) and minimum resistance in the staphylococci were 

observed against teicoplanin (7.32%) and tetracycline (1.73%). Methicillin resistance by PCR targeting mecA 

gene was detected among 38.73% of isolates, however multidrug resistance (MDR) were recorded in 53.76% 

isolates showing resistance to more than two groups of antibiotics. 
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Introduction 
India has vast livestock resources, claiming highest milk producing country in the world, which play an 

important role in the economy of India. Livestock sector contributes 4.11% to the country GDP and 25.6% of 

total Agriculture GDP of India. Mastitis in dairy animals has a significant impact on quality milk production and 

animal health as well (Le Maréchal et al., 2011).  Staphylococci has been recognized as the most frequent 
bacterial pathogen of bovine mastitis in most of the countries including India (Gillespie et al., 2009; Nazneen et 

al., 2014; Brahma et al., 2022) Staphylococcus has been considered as the true mastitis pathogens virulence 

factors by most of the researcher worldwide (Hoque et al., 2018; Hosseinzadeh and Saei., 2014) with high 

level of antimicrobial resistance. In India 50% of milking animals are reported to be suffering with mastitis (Dua 

2001) leading to an estimated annual loss of INR.7165 crores (Bansal and Gupta 2010). In modern dairy 
herds, subclinical mastitis is the major form of mastitis, affecting more than 20 to 50% of cows (Wilson et al., 

1997; Pitkala et al., 2004) which remains latent and poses more serious economic concern to the dairy sector 

as its incidence is much higher in dairy herd (Shaheen et al., 2016).  The indiscriminate uses of antibiotics for 

treatment of infected animals result in emergence of resistance to antibiotics in micro-organisms (Philips et al., 
2004; Levy, 1982). Emergence of antibiotic resistance in staphylococci (both S. aureus and Coagulase 

Negative staphylococci) associated with subclinical and clinical mastitis in animals has increased significantly 

worldwide (Jain et al., 2004; Hoque et al. 2018; Phophi et al., 2019; Brahma et al., 2022). The present study 

was aimed to determine the occurrence of staphylococcus in mastitic animals of Bihar and to the antibiotic 

resistance pattern of isolates. 
 

Material and methods 
 

Isolation and identification of staphylococci 
A total of 200 milk samples from cattle with subclinical (137) and clinical (63) form of mastitis were 

collected aseptically from four district viz. Gaya, Patna, Vaishali & Sitamarhi of Bihar. All the samples were 
transported to the department of Veterinary Public Health & Epidemiology laboratory within 12h of collection 

under refrigerated condition for Isolation and identification of Staphylococcus species. The samples were 

enriched in Brain Heart Infusion broth at 37°C for 24 h. (Palilu et al., 2017). Then, a loopful of inoculum from 
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enrichment broth with turbidity was streaked on 

mannitol salt agar plate followed by incubation at 
37°C for 24 h and examined for the growth of 

Staphylococcus. Both mannitol fermenter and non-

fermenter colony from mannitol salt agar plate was 

picked and examined under oil immersion after 
Gram’s staining as per the method described by 

Agarwal et al., (2003). Presumptive colonies with 

characteristic morphology further confirmed by 

catalase test and PCR amplification of tstaG gene 

for confirmation of isolates as staphylococci. The 
primers sequence used for amplification of tstaG 

gene are indicated in Table-1. The template DNA 
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used for PCR was prepared by boiling and snaps chilling from isolates (Kaushik et al., 2014). The PCR 

reaction was prepared in 25 µl volume each containing 2.5 µl 10X PCR buffer (500 mM KCl, 100 mM Tris-HCl, 

pH-8.3; 15 mM MgCl2), 0.5 µl of dNTP mixture (10 mM each), 2 µl (10 pmol/μl) each of forward and reverse 
primers, 1µl (1 unit) Taq DNA polymerase, 5 µl of bacterial lysate and 12 µl nuclease free water. The cycling 

conditions were optimized at an initial denaturation phase of 94oC for 5 min, followed by 40 amplification 

cycles of denaturation at 95oC for 30 sec, annealing at 55oC for 30 sec and elongation at 72oC for 30 sec, 

with a final elongation phase at 72oC for 10 min. 

 

Antibiotic susceptibility and detection of mecA gene 
All the confirmed Staphylococcus isolates under study were examined to determine the antibiotic 

resistance pattern by disc diffusion method (Bauer et al., 1966; Mahato et. al. 2017) using 9 antibiotic discs 

(Hi-Media, Mumbai) viz. Oxacillin (1µg), Ciprofloxacin (5µg), Teicoplanin (30µg), Cefoxitin (30µg), Erythromycin 

(15µg), Rifampicin (5µg), Clindamycin (2µg), Gentamicin (10µg) and Tetracycline (30µg). The isolates found 
resistant to oxacillin were screened for the presence of mecA gene by PCR. The primer used for detection of 

mecA is indicated in Table-1. The PCR reaction was prepared in 25 µl volume each containing 2.5 µl 10X PCR 

buffer (500 mM KCl, 100 mM Tris-HCl, pH-8.3; 15 mM MgCl2), 0.5 µl of dNTP mixture (10 mM each), 2 µl (10 

pmol/μl) each of forward and reverse primers, 1µl (1 unit) Taq DNA polymerase, 5 µl of bacterial lysate and 12 
µl nuclease free water. The cycling conditions were optimized at an initial denaturation phase of 94oC for 5 

min, followed by 32 cycles of denaturation at 95oC for 60 sec, annealing at 55oC for 60 sec and elongation at 

72oC for 60 sec, with a final elongation phase at 72oC for 10 min 

 

Results and discussion: 
A total of 173 staphylococci were isolated and confirmed using genus specific PCR targeting tstaG 

gene amplification (Fig-1), from the milk samples of mastitic cattle. The confirmed isolates screened for 

antibiotic susceptibility revealed different resistance pattern for isolates. The resistance profile of isolates 
shows maximum resistance against oxacillin (62.42%), cefoxitin  (53.76%), rifampicin (47.40%) and 

erythromycin (38.15%) whereas isolates have low resistance against gentamicin (31.79%) and clindamycin 

(29.48) and minimum resistance was found against ciprofloxacin (13.29%), teicoplanin (7.32%) and 

tetracycline (1.73%). The results of the present study corroborate with the findings of Mahto et al., (2017) 

wherein oxacillin and cefoxitin were reported as most resistant drugs in staphylococci isolated from milk of 
mastitic animals. The low resistance of gentamicin reported in the present study is accordance to the previous 

report by Kumar et al., (2011) and Akindolire et al., (2015). The high susceptibility of isolates to teicoplanin 

corroborates with the findings of Sahebekhtiari et al., 2011; Juliano et al., 2022; Brahma et al., 2022. The 

minimum resistance to tetracycline in staphylococcal isolates from mastitic animals may be useful in the 
treatment of mastitis in animals. The analysis of antibiogram of the isolates revealed the occurrence of MDR in 

53.76% isolates of staphylococci 

The occurrence of methicillin-resistant Staphylococci in bovine mastitis is a growing challenge (Pajić et al., 

2014; Turutoglu et al., 2006). PCR based detection of mecA gene (fig-2) for methicillin resistance in the study 

revealed that 38.73% (67/173) isolates were positive for the mecA gene and also showing phenotypic 
resistance against oxacillin. The present finding agrees to the finding of Guimarães et al., (2017); Hoque et al., 

(2018); Algammal et al., (2020) which reports the occurrence of high percentage of methicillin resistant mecA 

positive staphylococci in milk from animals with mastitis. Though the 38.73 % isolates were positive for mecA 

gene, 33.50% (67/200) animals with subclinical or clinical mastitis have infection with methicillin resistant 
staphylococci. Out of the mecA positive isolates in the present study, 44.44% (28/63) and 43.33% (39/90) 

isolates were from clinical and subclinical mastitis milk, respectively. The occurrence of high percentage of 

mecA positive isolates in subclinical mastitis indicates trends of high antimicrobial resistance among lactating 

animals and a major public health threat. The analysis of antibiotic resistance pattern of isolates for MDR 

staphylococci revealed 53.76% (93/173) of isolates as MDR showing resistance against more than two groups 
of antibiotics, of which 33.33% (31/93) of isolates were from clinical mastitis and 66.66% (62/93) of isolates 

were from subclinical mastitis cases. The study again reveals the presence of more MDR staphylococci in 

subclinical cases of mastitis agreeing to the findings of Hoque et al., (2018).  

 

Conclusion: 

The study concludes that the staphylococci are the major bacteria involved in mastitis (clinical or 

subclinical) in lactating cattle. The occurrence of high percentage of antibiotic resistant staphylococcus against 

various antibiotic such as oxacillin, cefoxitin, rifampicin and gentamicin may pose serious challenge to use of 
antibiotics in mastitis treatment. The occurrence of MDR staphylococci in mastitis, predominantly in subclinical 

cases of mastitis act as a potential threat to both human and animal health. 
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Table.1. Sequence of the primer for PCR amplification specific to tstaG and mecA genes. 

 

Sl. 

No. 

Primer Sequences (5’- 3’) Target 

gene 

Product 

size (bp) 

Reference 

1. F: GGCCGTGTTGAACGTGGTCAAATCA tstaG 370bp Morot-Bizot 

et al., 2004 

R: TACCATTTCAGTACCTTCTGGTAA 

2. F: GTAGAAATGACTGAACGTCCGATAA mecA 310bp Braoios et 

al., 2009 

R: CCAATTCCACATTGTTTCGGTCTAA 
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Fig. 1 PCR amplification of tstaG gene  

M: 100bp DNA ladder 

L12: Negative control 

Fig. 2 PCR amplification of mecA gene  

M: 100bp DNA ladder 

L12: Negative control 
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