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Abstract

Staphylococcus aureus is a common causative agent of bovine subclinical mastitis and it has worldwide 

public health significance. Here, we aimed to determine the incidence of virulence factors of 

Staphylococcus aureus isolated from milk of subclinical bovine mastitis. Milk samples were collected 

from 402 lactating animals (242 dairy cattle and 160 buffaloes) from different farms located in Rewa 

district of Madhya Pradesh (India). The collected samples were investigated for subclinical mastitis using 

indirect screening tests. A total of 96 milk sample from 76 cattle and 20 buffaloes were positive for 

subclinical mastitis. The total incidence of Staphylococcus aureus was 28.13% with 28.95% in cattle and 

25.00% in buffaloes. A total of 27 Staphylococcus aureus isolates obtained from bovine subclinical 

mastitis and positive to catalase, were analyzed for production virulence factors. Out of 27 isolates, all 

the Staphylococcus aureus isolates (100%) were found positive for mannitol fermentation, coagulase 

production, clumping factor test, gram staining, novobiocin susceptibility and polymyxin-B resistance. 

Out of 27 isolates, the Voges-proskauer test, alpha, beta and alpha-beta haemolysin production were 

observed in 85.19%, 29.62%, 55.55% and 14.81% isolates respectively. Further the isolates were 

subjected to evaluation of virulence determinant spa genes. Virulence genes of Staphylococcus aureus 

strains isolated from bovine milk and spa genes were found in 100.0% isolates indicating the emergence, 

spread and pathogenicity of Staphylococcus aureus. Thus, the high incidence of Staphylococcus aureus 

mastitis is an important concern for diary industry of Madhya Pradesh (India), since the strains of this 

pathogen are with number of virulence factors and this is a concern for both animal and public health. 

Keywords: Staphylococcus aureus, subclinical mastitis, milk, virulence, incidence 

Introduction 

Cattle and buffalo are backbone of rural economy and mainly reared for milk production. 

Bovine mastitis is a major disease that affects dairy industry and causes major economic loss 

worldwide. Staphylococcus aureus (S. aureus) is a common facultative pathogen that has long 

been conceded as a challenge in both human and veterinary medicine (Nemeghaire et al., 

2014) [1]. It is responsible for major sources of clinical and subclinical mastitis infection in 

dairy animals (Bradley et al., 2007;Botrel et al., 2010) [2, 3] leading to reduction in the milk 

production, alteration in the composition and quality of the produced milk, the need to discard 

the produced milk, early culling of infected animals, and high cost of treatment and control 

(Hussain et al., 2012; Abdel-moein and Zaher, 2019; Martins et al., 2019) [4, 5, 6]. 

S. aureus produces a variety of extracellular and cell wall associated virulence factors, which 

involved in survival of bacteria in the udder and pathogenesis of bovine mastitis, leading to 

chronic intra-mammary inflammation (Momtaz et al., 2010; Bien et al., 2011) [7, 8]. Virulence 

associated factors like, surface proteins that promote colonization of host tissues, invasions 

that promote bacterial spread in tissues (Hyaluronidase, Kinases, Leukocidin), surface factors 

that inhibit phagocytic engulfment (Protein A, Capsule), biochemical properties that enhance 

their survival in phagocytes (Catalase production), immunological disguises (Coagulase, 

Clotting factor, Protein A), inherent and acquired resistance to antimicrobial agents and 

membrane damaging toxins like haemolysins that lyse eukaryotic cell membranes (Panizzi et 

al., 2004;Mubarack et al., 2012) [9, 10]. 

S. aureus can be identified by traditional methods but it has been noted that this organism 

shows variations in phenotypic expressions (Ariyanti et al., 2011) [11].  
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In such situations, molecular typing approaches have been 

reported to be of great advantageous in identifying and 

monitoring the spread of S. aureus strains (Diep et al., 2003) 
[12]. Production of coagulase /coagulase /haemolysin are an 

important phenotypic feature used worldwide for the 

identification of S. aureus (Sanjiv et al., 2008) [13]. Protein-A 

of S. aureus encoded by spa gene is considered as one of the 

important virulence factors in the severity and expansion of 

mastitis (Akinden et al., 2001) [14]. The present study was 

carried out for the incidence of virulence associated factors of 

S. aureus viz. gram’s staining, coagulase test, catalase test, 

voges-proskauer test, clumping factor test, mannitol 

fermentation, haemolysin properties, and further the detection 

of virulence associated spa genes in S. aureus isolates. 

 

2. Materials and Methods 

2.1 Detection of subclinical mastitis  

Milk samples from suspected cases of subclinical mastitis in 

cattle and buffaloes from different places of Rewa district of 

Madhya Pradesh (India) were collected aseptically in 

sterilized vials. A total of 402 milk samples comprising of 

242 cattle and 160 buffaloes were first processed for detection 

of subclinical mastitis by indirect screening tests viz. 

(Constable et al., 2019) [15], Electrical Resistance (Siddique et 

al., 2013; Galfi et al., 2015) [16, 17], Somatic Cell Count 

(Schalm et al., 1971; Harmon, 2001) [18, 19] and modified 

California Mastitis Test (David et al., 2005) [20]. A total of 96 

milk samples including 76 cattle and 20 buffaloes were 

positive for subclinical mastitis. Isolation and Identification of 

S. aureus was done as per the methods described by 

Buchanan and Gibson, 1974 [21], Cowan and Steel, 1974 [22] 

and Markey et al., 2013 [23]. 

 

2.2 Virulence associated factors of S. aureus 

2.2.1 Gram’s staining 

The isolates of S. aureus, were stained by gram stain to detect 

their response to stain, morphology and cellular arrangement. 

The staphylococci were seen as purple/blue coloured gram-

positive cocci arranged singly, in pairs or in grape like 

bunches (Benson, 2002; Tille, 2014) [24, 25]. 

 

2.2.2 Coagulase Test  

Citrated rabbit plasma diluted 1:5 was mixed with an equal 

volume of BHI broth culture then incubated at 37 °C. A tube 

of plasma mixed with sterile a broth is included as a control. 

For mating clots in 1-4 hr. indicates that the test is positive 

one (Forbes et al., 2007) [26]. 

 

2.2.3 Catalase test  

The isolates of S. aureus were transferred on the surface of a 

clean, dry glass slide. A drop of catalase reagent (3.00% 

H2O2) was added over the growth on the glass slide and 

positive results were indicated on copious amount of air 

bubbles formation (Harley and Prescott, 2007; Tille, 2014 [27, 

25]. 

 

2.2.4 Haemolysin in Sheep blood agar  

Haemolytic activity of the S. aureus, was detected on 5.00% 

sheep blood agar. The isolates were streaked on the medium 

and incubated aerobically overnight at 37 0C for 24 h. Results 

were interpreted after keeping all the plates at 4 0C for 1 to 2 

h. Isolates showing haemolytic zones were taken as positive. 

Interpretation was made as per Markey et al. (2013) [23]. 

2.2.5 Mannitol fermentation test  

The isolates of S. aureus were inoculated on the mannitol salt 

agar and incubated at 37 oC for 48 h. The red to yellow 

coloration of colony along with media considered as mannitol 

fermenters (Markey et al., 2013) [23]. 

 

2.2.6 Clumping factor test  
A drop of physiological saline was placed on each end of a 

slide, or on two separate clean grease free slide. The small 

amount of isolates of S. aureus was picked and mixed with 

the saline in each half of the slide with the help of sterile loop 

to make two thick suspensions. A drop of rabbit plasma was 

added to one of the suspension and mixed gently. The sample 

showing clumping of the bacteria within 10 seconds was 

treated as positive (Tille, 2014) [25]. 

 

2.2.7 Voges-Proskauer test  

The isolates of S. aureus, were inoculated into the voges-

proskauer medium containing tube and incubated at 35 °C for 

48 hours. The tube was mixed well after addition of 6 drops 

of 5.00% alpha -naphthol, and 2 drops of 40% potassium 

hydroxide. A pink-red color at the surface within 30 minutes 

was observed as positive reaction (Barritt et al., 1936) [28]. 

 

2.2.8 Detection of virulence spa gene  
Isolation of genomic DNA from the S. aureus isolated colony 

by Instagene Matrix (Bio-Rad) and Polymerase Chain 

Reaction (PCR) was carried out for the detection of 

Staphyloccoal Protein A (spa) gene (Stegger et al., 2013) [29]. 

The genus level identification of S. aureus strains was 

performed by tracking the presence of the spa gene through 

PCR technique. The pair of primers spa F- TAA AGA CGA 

TCC TTC GGT GAG C (22-mer) and spa R- CAG CAG 

TAG TGC CGT TTG CTT (21-mer) were used and the PCR 

conditions was standardized to amplify the spa gene. 

The PCR-amplified samples were analyzed by agarose gel 

electrophoresis by using a horizontal 2.00% (w/v) agarose gel 

in 1X TBE buffer (pH 8.3, 0.09 M Tris, 0.09 M boric acid, 2.0 

mM EDTA) and with 0.003% (w/v) ethidium bromide 

incorporated for DNA staining. 8 µl of the PCR sample was 

loaded directly into the wells. Gels were run in 1 x TBE 

buffer at 80 V for 2 h. The PCR products were visualized and 

photographed on a Gel documentation unit (E-gel, Life 

Technologies). The 100 base pair ladder molecular weight 

marker was run in parallel with the samples. It is the method 

of identification of S. aureus and its important virulence 

determinant spa gene. 

 

2.3 Statistical analysis  

The data collected through questionnaire were entered into an 

excel sheet of Microsoft Office Excel and subjected to 

analysis by SPSS version 16.0. All the relevant data were 

labelled into sub heading and analyzed using descriptive 

statistics. 

 

3. Results and Discussion 

Mastitis is the most fearsome infectious disease affecting 

dairy animals and remains as a constant challenge in the dairy 

industry, which is often difficult to cure and is prone to 

resurgence. Successful management, prevention and treatment 

of bovine mastitis are great inevitable task for the dairy 

holders. S. aureus mastitis are highly variable and strain 

dependent features. The incidence of this pathogen is an 
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increasingly recognized and most frequently isolated etiology 

of bovine mastitis in most of the countries. Most of the dairy 

animal researchers consider this organism as the true mastitis 

pathogens with important virulence factors and the ability to 

cause chronic infections. 

 

3.1 Milk profile of healthy and subclinical mastitis 

infected bovine 

In the present study, bovine milk were screened for 

subclinical mastitis by milk pH, ER, SCC and mCMT. The 

mean value of milk pH, ER and SCC was 6.65±0.06, 

370.00±18.26, 1.33±0.11×105 cells/ml, respectively in 

apparently healthy bovine, whereas the corresponding values 

significantly (p<0.05) changed to 7.57±0.04, 296.67±10.22 

and 33.23±7.06×105 cells/ml in subclinical mastitis infected 

bovine (Table 1). These findings are close in accordance with 

the results of Ogola et al. (2007) [30], Elango et al. (2010) [31], 

Galfi et al. (2015) [17], Panchal et al. (2016) [32], Abdelazeem 

et al. (2020) [33] and Singh et al. (2021) [34]. 

 

3.2 Incidence of S. aureus in subclinical bovine mastitis 

The present study was conducted on a total of 402 lactating 

animals (242 cattle and 160 buffaloes), out of these 96 

lactating animals (76 cattle and 20 buffaloes) were positive 

for subclinical mastitis. A total of 96 subclinical mastitis 

positive bovine milk, 27 isolates were positive for S. aureus. 

Overall incidence of S. aureus in subclinical mastitis was 

found to be 28.13%. Considering species wise incidence, 

25.00% buffaloes, whereas 28.95% cattle were detected 

positive for S. aureus (Table 2). 

Purohit (1990) [35], Goswami (1998) [36], Hoque et al. (2018) 
[37], Maalik et al. (2019) [38] and Abdelazeem et al. (2020) [33] 

who found the incidence of S. aureus in subclinical mastitis to 

be 21.64, 51.29%, 37.5% 42.2% and 35.9%, respectively. It 

has also been reported that incidence of S. aureus in 

subclinical mastitis were higher in cattle in comparison to 

buffaloes (Kumar et al., 2010;Sharma et al., 2015;Maalik et 

al., 2019) [39, 40, 38]. It clearly indicated the presence of S. 

aureus as most prevailing pathogen in cases of mastitis in 

dairy animals (Patel et al., 2012;Awandkar et al., 

2013;Mohanty et al., 2013;Charaya et al., 2014;Patnaik et al., 

2014;Chandrasekaran et al., 2015;Jena et al., 2015) [41, 42, 43, 44, 

45, 46, 47]. Being commensal to skin S. aureus are supposed to 

be first and foremost bacteria to enter in teat canal. However, 

the incidences can be reduced by maintaining proper hygienic 

conditions and pre and post milking sanitation of udder and its 

surroundings. 

Similar to the present findings, Mengistie (2003) [48], Kivaria 

et al. (2005) [49], Ranjan et al. (2011) [50] and Jahan et al. 

(2015) [51] reported the incidence of staphylococcal mastitis to 

be 27.10%, 21.00%, 27.37% and 25.53%, respectively in 

cows. However, higher incidence of staphylococcal mastitis 

was reported by Wani and Bhatt (2003) [52], Thennarrasu et al. 

(2003) [53], Ghaleb et al. (2005) [54], Begum et al. (2007) [55], 

Patel (2007) [56], Tsegmed et al, (2007) [57], Morandi et al. 

(2009) [58], Gundogan and Avci (2014) [59], Abd El-Tawab et 

al. (2017) [60] and Wang et al. (2018) [61] who reported 

45.00%, 47.06%, 68.30%, 75.00% 44.00%, 74.00%, 78.00% 

56.00%, 80.00% and 46.2%, respectively in cows.  

The higher incidence of S. aureus has also been reported by 

several workers in India (Tuteja, 1999;Kaya et al., 

2000;Sharma et al., 2007;Yadav et al., 2018) [62.63, 64, 65] and 

abroad (Hawari and Dabas, 2008;Tenhagen et al., 2009; 

Nickerson, 2009; Zutic et al., 2012;Cavicchioli et al., 2015; 

Li et al., 2015; Giacinti et al., 2017) [66, 67, 68, 69, 70, 71, 72]. While 

lower incidence of S. aureus mastitis have also been reported 

by Donkor et al. (2007) [73] and Abd El-Tawab et al. (2017) 
[60] with 14.60% and 17.5%, respectively in raw milk. This 

difference in the incidence of pathogens is influenced by age, 

parity, lactation stage, milk yield, season, breed, species and 

place (Sharma et al., 2007;Singh et al., 2021) [64, 34]. 

Distribution of pathogens in mastitis changes over time, 

therefore, bacteriological examination at herd level must be 

taken regularly to monitor udder health. 

 

3.3 Gram staining of the S. aureus isolates 

The Gram stain is a very important preliminary step in the 

initial identification, characterization and classification of 

micro-organism. It is also a key procedure in the identification 

of micro-organism based on staining characteristics, enabling 

the micro-organism to be examined using a light microscope. 

Although the Gram staining is used for detection and 

differentiation of bacteria, other microorganisms, most 

frequently yeasts and fungi, can be seen on a Gram-stained 

smear (Rand and Tillan, 2006) [74]. Yeasts can appear Gram-

positive or Gram-negative. Yeasts are generally at least 10-20 

times the size of bacteria and may appear as single cells that 

may have buds, hence differentiation from bacteria is not a 

problem (Thairu et al., 2014) [75]. 

In Gram staining, the organism revealed as gram positive 

cocci and arranged in grapes like cluster with violet colored, 

under light microscope. In the present study, 100% isolates 

were positive for gram staining (Table 3). This results are in 

consonance with Harmon et al. (1991) [76], Ashraf et al. 

(2015) [77], Jahan et al. (2015) [51], Abd El-Tawab et al. (2017) 
[60], Lucia et al. (2017) [78] and Shrivastava et al. (2017) [79] 

who reported that all S. aureus isolates were gram positive 

cocci arranged in cluster. 

 

3.4 Coagulase test of the S. aureus isolates 

Coagulase is a conventional marker for identifying S. 

aureus in the clinical microbiological laboratory. It is 

a protein produced by several micro-organisms that enables 

the conversion of fibrinogen to fibrin and they could protect 

themselves from host defenses by causing localized clotting. 

More importantly, S. aureus is normally coagulase-positive, 

meaning that a positive test would indicate the presence of S. 

aureus. In the present study, all isolates of S. aureus were 

subjected to tube coagulase test using rabbit plasma. The 

presence of 100% coagulase positive isolates in present study 

further suggests the increase in the number of pathogenic S. 

aureus in dairy animals (Table 3).  

Present finding are in accordance with Pandya (1991) [80], 

Patel (2007) [56], Morandi et al. (2009) [58], Jahan et al. (2015) 
[51], Sharma et al. (2015) [40] and Shrivastava et al. (2017) [79] 

who reported all (100%) the S. aureus isolates to be positive 

for tube coagulase test. Our findings are also more closely 

related to Turutoglu et al. (2005) [81], Makwana et al. (2012) 
[82] and Parth et al. (2016) [83] who reported about 89.77%, 

94.00% and 92.45%, respectively S. aureus isolates positive 

for tube coagulase test with subclinical mastitis.  

The contrary findings by Kato and Kume (1980) [84], Wani 

and Bhatt (2003) [52], Boerlin et al. (2003) [85], Abd El-Tawab 

et al. (2017) [60], Pumipuntu et al. (2019) [86] and Abdeen et al. 

(2021) [87] who reported about 34.50%, 51.11%, 50.00%, 

30.3%, 13.97% and 56.91%, respectively isolate of S. aureus 
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being coagulase-positive. Similarly, lower coagulase activity 

of S. aureus ranging from 31.30 to 53.33% from mastitis milk 

was also reported by Pankaj et al. (2013) [88], Ai-Jumaily et al. 

(2014) [89] and Patnaik et al. (2014) [45]. 

 

3.5 Catalase test of the S. aureus isolates 

S. aureus is a gram positive, coagulase and catalase positive 

cocci and by far the most important pathogen among the 

staphylococci. It produces enzymes such as catalase which are 

considered to be virulence determinants and this enzyme 

allows bacteria to better resist intra and extra-cellular killing 

by hydrogen peroxide (Gruner et al., 2007) [90]. In the present 

study, 100% S. aureus isolates were found positive for 

catalase test (Table 3). Our findings are in very close 

agreement with report of Jahan et al. (2015) [51] who found 

that 100% isolates were positive for catalase test. These 

findings are on par with earlier reports on isolation and 

characterization of S. aureus from clinical cases of mastitis 

(Carter et al, 1990;Kateete et al, 2010) [91, 92]. The results of 

present study is more or less similar to the findings of Ashraf 

et al. (2015)[77], Ankita (2015) [93], Abd El-Tawab et al. 

(2017) [60] and Yadav et al. (2018) [65], who reported about 

80.00%, 90.66%, 80.00% and 91.12%, repectively S. aureus 

isolates positive for catalase test. 

Although it is well known that nearly all strains of S. 

aureus have catalase activity. Catalase is a heme protein 

enzyme that degrades hydrogen peroxide produced by 

phagocytes. The catalase production does not appear to be 

essential for the growth of S. aureus in vitro and in vivo 

(Mandell et al., 1975; Bertrand et al., 2002) [94, 95] but it is a 

defense mechanism against destruction of the micro-organism 

in phagocytic cells (Kloos and Bannerman, 1999) [96]. On the 

other hand, there is good correlation between staphylococcal 

catalase activity and its lethality (Mandell et al., 1975) [94]. 

 

3.6 Hemolysis patterns of the S. aureus isolates  

Out of total 27 isolates, percentage of isolates showing alpha 

(α), beta (β) and alpha-beta haemolysin production were 

29.62%, 55.55% and 14.81% respectively on sheep blood 

agar (Table 3). Our findings are very close in agreement with 

reports of Shrivastava et al. (2017) [79] with 21.42% isolates 

showed alpha, 57.14% beta and 24.56% both alpha and beta 

haemolysin, respectively in sheep blood agar. The present 

study is more or less similar to the findings of Pandya (1991) 
[80], Patel (2008) [97], Morandi et al. (2009) [58], and Dittmann 

et al. (2017) [98] who reported 11.71%, 27.50%, 6.00% and 

19.70% alpha haemolysin, 54.68%, 48.75%, 54.00% and 

43.94% beta haemolysin and 19.53%, 11.25%, 40.00% and 

34.85% alpha-beta haemolysin, respectively. 

In the present study, beta haemolysin (55.55%) producing S. 

aureus were found predominant in the subclinical mastitis. 

Which support the views of Aarestrup et al. (1999) [99], Larsen 

et al. (2002) [100] and Yadav et al. (2018) [65] opined that beta 

haemolysin production is a characteristic of animal strains of 

S. aureus. In contrast to these, Bhanderi (2007) [101] found that 

62.79% alpha hemolytic S. aureus of animal origin, Stephan 

et al. (2001) [102] who found double (alpha-beta) hemolysin in 

67.65% S. aureus isolated from cow milk samples and 

Morandi et al. (2009) [58], reported most of the S. aureus 

strains derived from goat dairy products (64.00%) showed 

double hemolysis. 

 

 

3.7 Mannitol fermentation of the S. aureus isolates 

Mannitol salt agar is frequently used as a selective and 

differential media for the isolation and identification of S. 

aureus from different clinic-pathological samples. It stimulate 

the growth of a group of certain micro-organism, while 

inhibiting the growth of others. Most pathogenic 

staphylococci, such as S. aureus, will ferment mannitol. 

While non-pathogenic staphylococci will not ferment 

mannitol. Thus, it is a species signature of S. aureus, and 

discriminates it from most other members of the genus 

(Kenny et al., 2013) [103]. 

In the present study, 100% isolates of S. aureus were able to 

ferment mannitol (Table 3). Our findings rare very close in 

agreement with Makwana et al. (2012) [82], Jahan et al. (2015) 
[51] and Shrivastava et al. (2017) [79] who observed 100% 

mannitol fermentation by S. aureus and production of small 

yellow colonies. While Bhanderi (2007) [101], Abd El-Tawab 

et al. (2017) [60] and Yadav et al. (2018) [65] reported about 

74.41% 67.80% and 94.12% S. aureus isolates produced 

mannitol fermentation, respectively. Quinn et al. (1994) [104] 

who reported that mannitol salt agar and Baired Parker 

medium were used and specifically in food microbiology.  

 

3.8 Voges-proskauer test of the S. aureus isolates 

In the present study, 85.19% isolates of S. aureus were found 

positive for voges-proskauer (Table 3). Our finding are very 

close in agreement with Abd El-Tawab et al. (2017) [60] and 

Yadav et al. (2018) [65] reported 73.8% and 85.30% S. aureus 

isolates positive for Voges-proskauer test. The test of acetoin 

production as a tool to differentiate the coagulase-positive 

staphylococcus species. Voges-proskauer test (Acetoin test) 

be used as an additional means to differentiate S. aureus from 

coagulase-positive S. hyicus and S. intennedius. S. intennedius 

and S. hyicus do not produce acetoin (Schleifer, 1986) [105], 

while the majority of S. aureus strains do (Harmon et al., 

1991) [76].  

 

3.9 Clumping factor test of the S. aureus isolates 

S. aureus produces bound and free forms of coagulase, the 

bound forms coagulase, otherwise known as "clumping 

factor", can be detected by carrying out a slide coagulase test/ 

clumping factor test. It provides a simple and widely used test 

to identify S. aureus and distinguish it from the less virulent 

‘coagulase-negative’ staphylococci (Ryan and Ray, 2004) 
[106]. In the present study, about 100% isolates of S. aureus 

were positive for clumping factor test (Table 3). Our findings 

are in close agreement with Yadav et al. (2018) [65] who 

reported 79.41% isolates positive in slide coagulase test. 

Coagulase is firmly bound to the surface of the micro-

organism S. aureus and can cover its surface with fibrin upon 

contact with blood. The fibrin clot may protect the micro-

organism from phagocytosis and isolate it from other 

protective defenses of the host. The fibrin coat can therefore 

make the bacteria more virulent (Tortora et al., 2013) [107]. 

 

3.10 Novobiocin susceptibility and Polymyxin B resistant 

of the S. aureus isolates 

The antibiotic-susceptibility profile of these antibiotics was 

prepared using the Kirby-Bauer disk diffusion method (Bauer 

et al., 1966) [108]. In the present study, the interpretation to the 

susceptibility of organisms was observed by measuring zone
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of inhibition. All (100%) the isolates (Table 3) were 

susceptible to Novobiocin (zone diameter ≥ 17 mm) and 

resistant to Polymyxin B (zone diameter ≤ 10 mm). Our 

finding are very close in agreement with Shrivastava et al. 

(2017) [79]. Novobiocin has higher efficacy against the gram-

positive bacteria (most gram-negative bacteria are resistant), 

especially S. aureus. Novobiocin is used occasionally as an 

alternative to penicillins against penicillin-

resistant Staphylococcus spp (Raad et al., 1995; Walsh et al., 

1993 [109, 110], whereas Polymyxin B is considered a gram-

negative antibiotic that does not diffuse well in medium, and 

resistance to this antibiotic is characteristic of S. aureus 

(Chuang et al., 2012; Kowalski et al., 2013) [111, 112]. 

 

3.11 Virulence determinant spa genes of the S. aureus 

isolates 

The development and severity of mastitis depend on the 

production of virulent protein known as protein-A (Mitra et 

al., 2013) [113]. The virulence-associated protein-A of S. 

aureus, encoded by spa gene, is one of the important 

virulence factors involved in the staphylococcal pathogenesis 

and severity of mastitis (Sharma et al., 2000;Bhikane and 

Kawitkar, 2020) [114, 115]. Protein A is surface protein of S. 

aureus that binds to the IgG molecules by their Fc portion and 

interfere with opsonization and subsequent phagocytosis of 

bacteria and thus contributes to the development of the 

disease (Koreen, 2004) [116].  

The present study was directed mainly to recognize virulence 

spa genes by molecular biological techniques (PCR) that may 

play a role in virulence of S. aureus. In this study, all the 27 

isolates were positive (100%) for the spa gene. Our study are 

closely to the findings of Khan et al. (2013) [117], Marques et 

al. (2013) [118], Abdelazeem et al. (2020) [33] and Gomez et al. 

(2020) [119] who reported 98.50%, 100.00%, 86.6% and 

80.00% incidence of spa gene in their study. Whereas, 

contrary result by Shakeri et al. (2010) [120], Suleiman et al. 

(2012) [121], Parth et al. (2016) [83] and Li et al. (2018) [122] 

have been reported for lesser incidence of spa types of gene in 

S. aureus isolates.  

The results of present study indicate some virulent factors of 

S. aureus occur frequently in particular dairy herds. The 

presence of particular S. aureus genotypes in different herds 

could be due to increased resistance against the host’s 

immune response (Moon et al., 2007) [123]. The results of the 

current study indicated that some virulent factors of S. aureus 

genotypes were frequently observed in those herds that 

prevailed close to each other in particular area. The possible 

reason about the presence of these isolates could be linked to 

the poor management practices adopted by the farmers, 

existence of common pathogens in the same area, feeding and 

grazing of healthy and infected animals together and trading 

of animals among the herds.  

 
Table 1: Milk profile of healthy and subclinical bovine mastitis 

 

Testing of milk samples Healthy bovine (n=10) Subclinical bovine mastitis (n=96) 

pH 6.65±0.06a 7.57±0.04b 

ER 370.00±18.26a 296.67±10.22b 

SCC (105cells/ml) 1.33±0.11a 33.23±7.06b 

mCMT score Negative +/++/+++ 
a, bValues bearing different superscript differ significantly in row (p<0.05). 

 
Table 2: Incidence of S. aureus in subclinical bovine mastitis 

 

Species Total no. of SCM positive bovine No. of S. aureus positive isolate Incidence S. aureus in SCM 

Cattle 76 22 28.95% 

Buffaloes 20 5 25.00% 

Overall 96 27 28.13% 

 
Table 3: Virulence factors of S. aureus isolates from subclinical bovine mastitis 

 

Particular Total no. of S. aureus positive isolate No. of isolate positive for the test Incidence 

Gram staining 27 27 100% 

Coagulase test 27 27 100% 

Catalase test 27 27 100% 

α Haemolysis 27 8 29.62% 

β Haemolysis 27 15 55.55% 

α and β haemolysis 27 4 14.81% 

Mannitol fermentation 27 27 100% 

Voges-proskauer test 27 23 85.19% 

Clumping factor test 27 27 100% 

Novobiocin susceptibility 27 27 100% 

Polymyxin-B resistance 27 27 100% 

spa gene 27 27 100% 

 

4. Conclusion 

It can be concluded from the results of the present study that 

S. aureus isolates obtained from bovine mastitic milk showed 

the high incidence of virulence factor and an important role of 

virulence factors in the pathogenesis of bovine mastitis. The 

presence of more virulence factors could increase the

pathogenic ability of isolates. The findings of this present 

study warrants the need for strategic approach including dairy 

extension that focus on enhancing dairy farmers’ awareness, 

practice of hygienic milking, regular screening for subclinical 

mastitis, dry cow therapy and culling of chronically infected 

milch animals. 

 

https://www.thepharmajournal.com/


 
 

~ 5169 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
5. Acknowledgement  

The authors are thankful to the Dean, College of Veterinary & 

Animal Sciences, Rewa, Nanaji Deshmukh Veterinary 

Science University, Madhya Pradesh, India for rendering 

necessary facilities for successful completion of the research 

work.  

 

6. References  

1. Nemeghaire S, Argudin MA, Haesebrouck F, Butaye P. 

Epidemiology and molecular characterization of 

methicillin-resistant Staphylococcus aureus nasal carriage 

isolates from bovines. BMC Veterinary Research. 

2014;10:153.  

2. Bradley AJ, Leach KA, Breen JE, Green LE, Green MJ. 

Survey of the incidence and etiology of mastitis on dairy 

farms in England and Wales. Veterinary Record. 

2007;160:253-257.  

3. Botrel MA, Haenni M, Morignat E, Sulpice P, Madec JY, 

Calavas D. Distribution and antimicrobial resistance of 

clinical and subclinical mastitis pathogens in dairy cows 

in Rhone-Alpes, France. Foodborne Pathogens and 

Disease. 2010;7:479-487.  

4. Hussain R, Javed MT, Khan A. Changes in some 

biochemical parameters and somatic cell counts in the 

milk of buffalo and cattle suffering from mastitis. 

Pakistan Veterinary Journal. 2012;32:418-421. 

5. Abdel-Moein KA, Zaher HM. Occurrence of multidrug-

resistant methicillin-resistant Staphylococcus aureus 

among healthy farm animals: A public health concern. 

International Journal of Veterinary Science and 

Medicine. 2019;7:55-60. 

6. Martins SMA, Martins VC, Cardoso FA, Germano J, 

Rodrigues M, Duarte C, et al. Biosensors for on-farm 

diagnosis of mastitis. Frontiers in Bioengineering and 

Biotechnology. 2019;7:186.  

7. Momtaz H, Rahimi E, Tajbakhsh E. Detection of some 

virulence factors in Staphylococcus aureus isolated from 

clinical and subclinical bovine mastitis in Iran. African 

Journal of Biotechnology. 2010;9(25):3753-3758. 

8. Bien J, Sokolova O, Bozko P. Characterization of 

virulence factors of Staphylococcus aureus: novel 

function of known virulence factors that are implicated in 

activation of airway epithelial pro-inflammatory 

response. Journal of Pathogens; c2011. p. 1-13. 

9. Panizzi P, Friedrich R, Fuentes-Prior P, Bode W, Bock 

PE. The staphylocoagulase family of zymogen activator 

and adhesion proteins. Cellular and Molecular Life 

Sciences. 2004;61:2793-2798.  

10. Mubarack H, Doss A, Vijayasanthi M, Venkataswamy R. 

Antimicrobial drug susceptibility of Staphylococcus 

aureus from subclinical bovine mastitis in Coimbatore, 

Tamil Nadu, South India. Veterinary World. 

2012;5(6):352-355. 

11. Ariyanti D, Salasia SIO, Tato S. Characterization of 

haemolysin of Staphylococcus aureus isolated from food 

of animal origin. Indonesian Journal of Biotechnology.. 

2011;16(1):32-37. 

12. Diep BA, Remington FP, Sensabaugh GF. Clonal 

characterization of Staphylococcus aureus by multi-locus 

restriction fragment typing, a rapid screening approach 

for molecular epidemiology. Journal of Clinical 

Microbiology. 2003;41(10):4559-4564. 

13. Sanjiv K, Kataria AK, Sharma R, Singh G. 

Epidemiological typing of Staphylococcus aureus by 

DNA restriction fragment length polymorphism of Coa 

gene. Veterinarski Arhiv. 2008;78(1):31-38. 

14. Akinden O, Annemuller C, Hassan AA, Lammler C, 

Wolter W, Zschock M. Toxin genes and other 

characteristics of Staphylococcus aureus isolates from 

milk of cows with mastitis. Clinical and Diagnostic 

Laboratory Immunology. 2001;8(5):959-964. 

15. Constable PD, Ebeid MH, Megahed AA, Kandeel SA. 

Ability of milk pH to predict subclinical mastitis and 

intra-mammary infection in quarters from lactating dairy 

cattle. Journal of Dairy Science. 2019;102(2):1417-1427.  

16. Siddique NU, Tripura TK, Islam MT, Bhuiyan SA, 

Rahman AKMA, Bhuiyan AKFH. Prevalence of 

subclinical mastitis in high yielding crossbred cows using 

Draminski mastitis detector. Bangladesh Journal of 

Veterinary Medicine. 2013;11:37-41.  

17. Galfi A, Radinovic M, Milanov D, Bobos S, Pajic M, 

Savic S, Davidov I. Electrical conductivity of milk and 

bacteriological findings in cows with subclinical mastitis. 

Biotechnology in Animal Husbandry. 2015;31(4):533-

541.  

18. Schalm OW, Carroll EJ, Jain NC. Bovine Mastitis. Lea 

and Febiger, Philadelphia, USA; c1971. 

19. Harmon RJ. Somatic cell counts: A primer. In: Proc. 40th 

Annual Meeting, National Mastitis Council. Reno, NV, 

USA; c2001. p. 1-9. 

20. David W, Michael W, Alvin L, Rod C, Graeme M. 

Chemical and rheological aspects of gel formation in the 

California Mastitis Test. Journal of Dairy Research. 

2005;72:115-121.  

21. Buchanan RE, Gibson NE. Bergey’s Manual of 

Determinative Bacteriology. Edn 8th, The Williams and 

Wilkins Company; c1974. 

22. Cowan ST, Steel KJ. Cowan and Steel’s manual for the 

identification of Medical bacteria, Edn 2nd Cambridge 

University Press, Cambridge; c1974. 

23. Markey B, Leonard F, Archambault M, Cullinane A, 

Maguire D. Clinical Veterinary Microbiology, Edn 2nd, 

Mosby, USA; c2013. p. 104 -120. 

24. Benson JH. Microbiological Applications: Laboratory 

Manual in General Microbiology. Edn 8th, McGraw-Hill 

Higher Education, New York; c2002. p. 125-130.  

25. Tille PM. Bailey and Scott’s Diagnostic Microbiology, 

Edn 13th, Elsevier Mosby Inc. Missouri, USA; c2014. p. 

93-246. 

26. Forbes BA, Sahm DF, Weissfeld AS, Bailey WR. 

Diagnostic microbiology. Edn 12th, Elsevier, Texas; 

c2007. p. 220. 

27. Harley JP, Prescott LM. Laboratory Exercises in 

Microbiology. Edn 7th, McGraw-Hill Higher Education. 

New York; c2007. p. 630-632.  

28. Barritt MM. The intensification of the Voges-Proskauer 

reaction by the addition of alpha-naphthol. Journal of 

Pathology and Bacteriology. 1936;42(2):441-456. 

29. Stegger M, Driebe EM, Roe C, Lemmer D, Bowers JR, 

Engelthaler DM, et al. Genome Sequence of 

Staphylococcus aureus strain CA-347, a USA600 

methicillin-resistant isolate. Genome Announcements 

2013;1(4):e00517-13. 

30. Ogola H, Shitandi A, Nanua J. Effect of mastitis on raw 

milk compositional quality. Journal of Veterinary 

Science. 2007;8(3):237-242. 

https://www.thepharmajournal.com/


 
 

~ 5170 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
31. Elango A, Doraisamy KA, Rajarajan G, Kumaresan G. 

Bacteriology of subclinical mastitis and antibiogram of 

isolates recovered from cross bred cows. Indian Journal 

of Animal Research. 2010;44(4):280-284. 

32. Panchal I, Sawhney IK, Dang AK. Relation between 

electrical conductivity, dielectric constant, somatic cell 

count and some other milk quality parameters in 

diagnosis of subclinical mastitis in Murrah buffaloes. 

Indian Journal of Dairy Science. 2016;69(3):267-271. 

33. Abdelazeem M, Algammal AM, Enany ME, El-Tarabili 

RM, Ghobashy MOI, Helmy YA. Prevalence, 

antimicrobial resistance profiles, virulence and 

enterotoxins-determinant genes of MRSA isolated from 

subclinical bovine mastitis in Egyptian. Pathogens. 

2020;(9):362. 

34. Singh K, Mishra KK, Shrivastava N, Jha AK, Ranjan R. 

Prevalence of subclinical mastitis in dairy cow of Rewa 

district of Madhya Pradesh. Journal of Animal Research. 

2021;11(1):89-95. 

35. Purohit JH. Isolation and characteristics of 

Staphylococcus aureus from bovine milk. Ph.D. Thesis, 

Gujarat Agricultural University, Sardarkrushinagar, 

Gujarat, India; c1990. 

36. Goswami SN. Comparative study for detection of bovine 

subclinical mastitis by direct and indirect tests. M.Sc. 

Thesis, Gujarat Agricultural University, Anand; c1998. 

37. Hoque MN, Das ZC, Rahman ANMA, Haider MG, Islam 

MA. Molecular characterization of Staphylococcus 

aureus strains in bovine mastitis milk in Bangladesh. 

International Journal of Veterinary Science and 

Medicine. 2018;6:53-60. 

38. Maalik A, Ali S, Iftikhar A, Rizwan M, Ahmad H, Khan 

I. Prevalence and antibiotic resistance of Staphylococcus 

aureus and risk factors for bovine subclinical mastitis in 

district Kasur, Punjab, Pakistan. Pakistan Journal of 

Zoology. 2019;51(3):1123-1130. 

39. Kumar A, Rahal A, Dwivedi SK, Gupta MK. Bacterial 

prevalence and antibiotic resistance profile from bovine 

mastitis in Mathura, India. Egyptian Journal of Dairy 

Science. 2010;38:31-34. 

40. Sharma L, Verma AK, Kumar A, Rahat A, Neha, Nigam 

R. Incidence and pattern of antibiotic resistance of 

Staphylococcus aureus isolated from clinical and 

subclinical mastitis in cattle and buffaloes. Asian Journal 

of Animal Sciences. 2015;9(3):100-109. 

41. Patel JV, Bhingaradia BV, Patel BB, Patel SB, Patel PB, 

Vahora SP. Study on prevalence of mastitis and antibiotic 

prevalence of mastitis and antibiotic sensitivity of 

bacterial isolates recovered from crossbred cows of 

Anand district of Gujarat. Indian Journal of Dairy 

Science. 2012;65(6):467-471. 

42. Awandkar SP, Bhikane AU, Kulkarni MB. Antibiotic 

resistance trends in clinical bovine mastitis. Biolife. 

2013;1(3):139-143. 

43. Mohanty NN, Das P, Pany SS, Sarangi LN, Ranabijuli S, 

Panda HK. Isolation and antibiogram of Staphylococcus, 

Streptococcus and E. coli isolates from clinical and 

subclinical cases of bovine mastitis. Veterinary 

World. 2013;6(10):739-743. 

44. Charaya G, Sharma A, Kumar A, Singh M, Goel P. 

Pathogens isolated from clinical mastitis in Murrah 

buffaloes and their antibiogram. Veterinary World 

2014;7(11):980-985. 

45. Patnaik S, Prasad A, Ganguly S. Biochemical 

characterization and antibiogram of staphylococcal 

microorganisms associated with subclinical mastitis in 

lactating crossbred cows. Animal Science Reporter 

2014;8(4):123-129. 

46. Chandrasekaran D, Nambi AP, Thirunavukkarasu PS, 

Venkatesan P, Tirumurugaan KG, Vairamuthu S. 

Incidence of resistant mastitis in dairy cows in Tamil 

Nadu, India. Journal of Applied and Natural Science 

2015;7(1):304-308. 

47. Jena B, Kumar PN, Abhishek S, Abrar A. Subclinical 

bovine mastitis in rural, peri-urban and suburban regions 

of Jaipur District of Rajasthan. Indian Journal Animal 

Research. 2015;5(1):175-182. 

48. Mengistie AZ. Molecular epidemiology of 

Staphylococcus aureus and Streptococcus agalactiae 

isolated from bovine mastitis in Ethiopia. Mensch and 

Buch-Verlag, USA; c2003. p. 139. 

49. Kivaria FM, Noordhuizen JPTM, Kapaga AM, Hogeveen 

H. Risk indicators associated with Staphylococcus aureus 

subclinical mastitis in smallholder dairy cows in 

Tanzania. Proceedings of the 4th IDF International 

Mastitis Conference, June 12-15, 2005, Maastricht, The 

Netherlands; c2005. p. 722-727. 

50. Ranjan R, Gupta MK, Singh KK. Study of bovine 

mastitis in different climatic conditions in Jharkhand, 

India. Veterinary World. 2011;4:205-208. 

51. Jahan M, Rahman M, Parvej MS, Chowdhury SMZH, 

Haque ME, Talukder MAK, et al. Isolation and 

characterization of Staphylococcus aureus from raw cow 

milk in Bangladesh. Journal of Advanced Veterinary and 

Animal Research. 2015;2(1):49-55. 

52. Wani S, Bhatt M. An epidemiological study on bovine 

mastitis in Kashmir valley. Indian Veterinary Journal. 

2003;80:841-844. 

53. Thennarrasu A, Muralidharan MR, Murugan M. 

Incidence of clinical mastitis in bovines-a study in 

Chennai city. Cherion. 2003;32:140-141. 

54. Ghaleb A, Dauod A, Rateb A, Jamel AO. Prevalence of 

microorganism associated with intra-mammary infection 

in cows and small ruminant in the north of Palestine. 

Journal of the Islamic University of Gaza. 

2005;13(1):165-173. 

55. Begum HA, Uddin MS, Islam MJ, Nazir KHMNH, Islam 

MA, Islam MT. Detection of biofilm producing 

coagulase positive Staphylococcus aureus from bovine 

mastitis, their pigment production, hemolytic activity and 

antibiotic sensitivity pattern. Journal of the Bangladesh 

Society for Agricultural Science and Technology. 

2007;4(1-2):97-100. 

56. Patel NP. Determination of virulence factors in 

Staphylococcus aureus isolated from clinical cases of 

mastitis in sheep, goats, cattle and buffaloes. M.Sc. 

Thesis, Sardarkrushinagar Dantiwada Agricultural 

University, Sardarkrushinagar, Gujarat, India; c2007. 

57. Tsegmed U, Normanno G, Pringle M, Krovacek K. 

Occurrence of enterotoxic S. aureus in raw milk from 

cattle in Mongolia. Journal of Food Protection. 

2007;70(7):1726-1729. 

58. Morandi S, Brasca M, Andrighetto C, Lombardi A, Lodi 

R. Phenotypic and genotypic characterization of 

Staphylococcus aureus strains from Italian dairy 

products. International Journal of Microbiology; c2009. 

https://www.thepharmajournal.com/


 
 

~ 5171 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
p. 1-7. 

59. Gundogan N, Avci E. Occurrence and antibiotic 

resistance of Escherichia coli, Staphylococcus aureus and 

Bacillus cereus in raw milk and dairy products in Turkey. 

International Journal of Dairy Technology. 

2014;67(4):562-569. 

60. Abd El-Tawab AA, Ammar AM, Hofy FI, Mohamed SR, 

Abubakr HS. Incidence and phenotypic characterization 

of Staphylococcus aureus isolated from mastitic cows. 

Bangladesh Journal of Animal Science. 2017;2(2):103-

107. 

61. Wang W, Lin X, Jiang T, Peng Z, Xu J, Yi L, et al. 

Prevalence and characterization of Staphylococcus 

aureus cultured from raw milk taken from dairy cows 

with mastitis in Beijing. China. Frontiers in 

Microbiology. 2018;9:1123.  

62. Tuteja FC. Studies on mastitis in buffaloes with reference 

to serum selenium status and control by treating teat 

canal infections. Ph.D. Thesis, Chaudhary Charan Singh 

Haryana Agricultural University, Hisar, Haryana, India; 

c1999. 

63. Kaya O, Kirkan S, Gulal M, Unal B. Identification and 

antibiotic susceptibility of microbes causing mastitis in 

dairy cows. Veterinary Bulletin. 2000;70:290-290. 

64. Sharma H, Maiti SK, Sharma KK. Prevalence, etiology 

and antibiogram of microorganisms associated with 

subclinical mastitis in buffaloes in Durg, Chhattisgarh 

State (India). International Journal of Dairy Science. 

2007;2:145-151. 

65. Yadav S, Yadav DK, Singh SV, Ramakant, Singh NK, 

Yadav V, et al. Incidence of Staphylococcus aureus 

mastitis in cows of Faizabad and Sultanpur districts of 

eastern plain zone of Uttar Pradesh. International Journal 

of Current Microbiology and Applied Sciences 2018;(Spl 

7):2705-2709. 

66. Hawari AD, Al-Dabbas F. Prevalence and distribution of 

mastitis pathogens and their resistance against 

antimicrobial agents in dairy cows in Jordan. American 

Journal of Animal and Veterinary Sciences. 2008;3:36-

39. 

67. Tenhagen BA, Hansen I, Reinecke A, Heuwieser W. 

Prevalence of pathogens in milk samples of dairy cows 

with clinical mastitis and in heifers at first parturition. 

Journal of Dairy Research. 2009;76:179-187. 

68. Nickerson SC. Control of heifer mastitis: Antimicrobial 

treatment-an overview. Veterinary Microbiology. 

2009;134:128-135. 

69. Zutic M, Cirkovic I, Pavlovic L, Zutic J, Asanin J, 

Radanovic O, et al. Occurrence of methicillin-resistant 

Staphylococcus aureus in milk samples from Serbian 

cows with subclinical mastitis. African Journal of 

Microbiology Research. 2012;6:5887-5889. 

70. Cavicchioli VQ, Scatamburlo TM, Yamazi AK, Pieri FA, 

Nero LA. Occurrence of Salmonella, Listeria 

monocytogenes, and enterotoxigenic Staphylococcus in 

goat milk from small and medium-sized farms located in 

Minas Gerais State. Brazil. Journal of Dairy Science. 

2015;98:8386-8390.  

71. Li L, Zhou L, Wang L, Xue H, Zhao X. Characterization 

of methicillin-resistant and susceptible staphylococcal 

isolates from bovine milk in northwestern China. PLoS 

ONE. 2015;10:e0116699.  

72. Giacinti G, Carfora V, Caprioli A, Sagrafoli D, Marri N, 

Giangolini G, et al. Prevalence and characterization of 

methicillin-resistant Staphylococcus aureus carrying 

mecA or mecC and methicillin-susceptible 

Staphylococcus aureus in dairy sheep farms in central 

Italy. Journal of Dairy Science. 2017;100(10):7857-7863. 

73. Donkor ES, Aning KG, Quaya J. Bacterial 

contaminations of informally marketed raw milk in 

Ghana. Ghana Medical Journal. 2007;41(2):58-61. 

74. Rand KH, Tillan M. Errors in interpretation of Gram 

stains from positive blood cultures. American Journal of 

Clinical Pathology. 2006;126:686-690.  

75. Thairu Y, Nasir IA, Usman Y. Laboratory perspective of 

gram staining and its significance in investigations of 

infectious diseases. Sub-Saharan African Journal of 

Medicine. 2014;1:168-174. 

76. Harmon RJ, Langlois BE, Akers K. A simple medium for 

the verification of identity of Staphylococcus aureus of 

bovine origin. Journal of Dairy Science. 1991;74(Spl 

1):202. 

77. Ashraf A, Abd El-Tawab, Nahla A, Abou El-Roos, 

Asmaa AM, El-Gendy. Bacteriological and molecular 

studies on Staphylococcus aureus isolated from raw milk. 

Benha Veterinary Medical Journal. 2015;28(1):88‐97. 

78. Lucia M, Rahayu S, Haerah D, Wahyuni D. Detection of 

Staphylococcus aureus and Streptococcus agalactiae: 

Subclinical mastitis causes in dairy cow and dairy buffalo 

(Bubalus bubalis). American Journal of Biomedical 

Sciences. 2017;5(1):8-13. 

79. Shrivastava N, Sharma V, Nayak A, Shrivastava AB, 

Sarkhel BC, Shukla PC, et al. Prevalence and 

characterization of Methicillin-Resistant Staphylococcus 

aureus (MRSA) mastitis in dairy cattle in Jabalpur, 

Madhya Pradesh. Journal of Animal Research. 

2017;7(1):77-84.  

80. Pandya K. Incidence of Staphylococcus aureus in cow 

milk and assessment of characteristics associated with its 

virulence. M.Sc. Thesis, Gujarat Agricultural University, 

Sardarkrushinagar, Gujarat, India; c1991. 

81. Turutoglu H, Tasci F, Ercelik S. Detection of 

Staphylococcus aureus in milk by tube coagulase test. 

Bulletin of The Veterinary Institute in Pulawy. 

2005;49:419-422. 

82. Makwana GE, Gadhavi H, Sinha M. Comparision of tube 

coagulase test with mannitol fermentation test for 

diagnosis of Staphylococcus aureus. National Journal of 

Integrated Research in Medicine. 2012;3(4):73-75. 

83. Parth FM, Chauhan HC, Bhagat AG, Chandel BS, Patel 

MV, Dadawala AI, Kher HN. Detection of virulence 

associated factors from Staphylococcus aureus isolated 

from bovine mastitis. Buffalo Bulletin. 2016;35(4):687-

696. 

84. Kato E, Kume T. Enterotoxigenicity of bovine 

Staphylococci isolated from California mastitis test-

positive milk in Japan. Japanese Journal of Veterinary 

Research. 1980;28:75-85. 

85. Boerlin P, Kuhnert P, Hussy D, Sehaellibaum M. 

Methods for identification of Staphylococcus aureus 

isolates in cases of bovine mastitis. Journal of Clinical 

Microbiology. 2003;41:767-771. 

86. Pumipuntu N, Tunyong W, Chantratita N, Diraphat P, 

Pumirat P, Sookrung N, et al. Staphylococcus spp. 

associated with subclinical bovine mastitis in central and 

northeast provinces of Thailand. Peer Journal. 

https://www.thepharmajournal.com/


 
 

~ 5172 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
2019;7:e6587. 

87. Abdeen EE, Mousa WS, Abdelsalam SY, Heikal HS, 

Shawish RR, Nooruzzaman M, et al. Prevalence and 

characterization of coagulase positive staphylococci from 

food products and human specimens in Egypt. 

Antibiotics. 2021;10(75):1-14. 

88. Pankaj A, Sharma R, Chhabra, Sindhu N. Subclinical 

mastitis in Murrah buffaloes with special reference to 

prevalence, etiology and antibiogram. Buffalo Bulletin. 

2013;32(2):107-115. 

89. Al-Jumaily EF, Saeed NM, Khanaka HH. Study the 

biological and biochemical characterization of 

Staphylococcus aureus enterotoxin. World Journal of 

Pharmacy and Pharmaceutical Sciences. 2014;3(6):13-30. 

90. Gruner BM, Han SR, Meyer HG, Wulf U, Bhakdi S, 

Siegel EK. Characterization of a catalase-negative 

methicillin-resistant Staphylococcus aureus strain. 

Journal of Clinical Microbiology. 2007;1:2684-2685. 

91. Carter ME, Chengappa MM. Enterobacteria. In: 

Diagnostic Procedures in Veterinary Bacteriology and 

Mycology. Edn 5th, Academic Press; c1990. p. 107-128. 

92. Kateete DP, Kimani CN, Katabazi FA, Okeng A, Okee 

MS, Nanteza A, et al. Identification of Staphylococcus 

aureus: DNAse and mannitol salt agar improve the 

efficiency of the tube coagulase test. Annals of Clinical 

Microbiology and Antimicrobials. 2010;9(1):23. 

93. Ankita Y. Characterization of Staphylococcus aureus 

associated with bovine mastitis in reference to Methicillin 

resistance and antibiogram. M.V.Sc. Thesis, N. D. 

University of Agriculture and Technology, Kumarganj, 

Faizabad, UP, India; c2015. 

94. Mandell GL. Catalase, superoxide dismutase, and 

virulence of Staphylococcus aureus in vitro and in vivo 

studies with emphasis on Staphylococcal-leukocyte 

interaction. Journal of Clinical Investigation. 

1975;55:561-566. 

95. Bertrand X, Ves Hugueninb Y, Talona D. First report of a 

catalase-negative methicillin-resistant Staphalococcus 

aureus. Diagnostic Microbiology and Infectious Disease. 

2002;43:245-246.  

96. Kloos WE, Bannerman TL. Staphylococcus and 

Micrococcus. In: Murray PR, Baron E J, Pfaller MA, 

Tenover FC, Yolken RH. Manual of Clinical 

Microbiology. American Society for Microbiology. 

Washington, DC; c1999. p. 264-282.  

97. Patel SS. Virulence determinants in Staphylococcus 

aureus isolated from pus and mastitic milk of bovines. 

M.V.Sc. Thesis, Sardarkrushinagar, Dantiwada 

Agricultural University, Sardarkrushinagar, Gujarat, 

India; c2008. 

98. Dittmann KK, Chaul LT, Lee SHI, Corassin CH, De 

Oliveira CAF, De Martinis ECP, et al. Staphylococcus 

aureus in some Brazilian dairy industries: changes of 

contamination and diversity. Frontiers in Microbiology. 

2017;8:2049. 

99. Aarestrup FM, Larsen HD, Eriksen NHR, Elsberg CS, 

Jensen NE. Frequency of α- and β-haemolysin in 

Staphylococcus aureus of bovine and human origin. A 

comparison between pheno and genotype and variation in 

phenotypic expression. Acta Pathologica, 

Microbiologica, Et Immunologica Scandinavica. 

1999;107(4):425-430. 

100. Larsen HD, Aarestrup FM, Jensen NE. Geographical 

variation in the presence of genes encoding super 

antigenic exotoxins and β-hemolysin among 

Staphylococcus aureus isolated from bovine mastitis in 

Europe and USA. Veterinary Microbiology. 

2002;85(1):61-67. 

101. Bhanderi B. Isolation, identification, biochemical 

characterization, antibiogram pattern and molecular 

characterization of Staphylococcus aureus from clinical 

and subclinical mastitic milk. M.V.Sc. Thesis, Anand 

Agricultural University, Anand, India; c2007. 

102. Stephan R, Annemuller C, Hassan AA, Lammler CH. 

Characterization of enterotoxigenic Staphylococcus 

aureus strains isolated from bovine mastitis in north-east 

Switzerland. Veterinary Microbiology. 2001;78(4):373-

382.  

103. Kenny JG, Moran J, Kolar SL, Ulanov A, Li Z, et al. 

Mannitol utilization is required for protection of 

Staphylococcus aureus from human skin antimicrobial 

fatty acids. PLoS ONE. 2013;8(7):e67698. 

104. Quinn PJ, Carter ME, Markey BK, Carter GE. Clinical 

Veterinary Microbiology. Section-2. Bacteriology. 80 

Staphylococcus species. Mosby Year Book Europe 

Limited Lynton House, London, England; c1994. p. 118-

126. 

105. Schleifer KH. Gram-positive cocci. Family I. 

Micrococcaceae, In Sneath PHA, Mair NS, Sharpe ME. 

Edn 9th, Bergey's manual of determinative bacteriology, 

The Williams & Wilkins Co., Baltimore; c1986. p. 999-

1032. 

106. Ryan KJ, Ray CG. Sherris Medical Microbiology. Edn. 

4th, McGraw Hill; c2004. 

107. Tortora GJ, Funkeand BR, Case CL. Microbiology: An 

Introduction. Edn 11th, Glenview, IL: Pearson Education 

Inc; c2013. p. 434. 

108. Bauer AW, Kirby WM, Sherries JC, Turk M. Antibiotic 

susceptibility testing by a standardized single disc 

method. American Journal of Clinical Pathology. 

1966;45:493-496.  

109. Raad I, Darouiche R, Hachem R, Sacilowski M, Bodey 

GP. Antibiotics and prevention of microbial colonization 

of catheters. Antimicrobial Agents and Chemotherapy. 

1995;39(11):2397-2400.  

110. Walsh TJ, Standiford HC, Reboli AC, John JF, Mulligan 

ME, Ribner BS, et al. Randomized double-blinded trial 

of rifampin with either novobiocin or trimethoprim-

sulfamethoxazole against methicillin-resistant 

Staphylococcus aureus colonization: prevention of 

antimicrobial resistance and effect of host factors on 

outcome. Antimicrobial Agents and Chemotherapy. 

1993;37(6):1334-1342.  

111. Chuang CC, Hsiao CH, Tan HY, Ma DHK, Lin KK, 

Chang CJ, et al. Staphylococcus aureus Ocular Infection: 

Methicillin-resistance, clinical features, and antibiotic 

susceptibilities. PLoS ONE. 2012;8(8):e42437.  

112. Kowalski RP, Kowalski TA, Shanks RMQ, Romanowski 

EG, Karenchak LM, Mah FS. In vitro comparison of 

combination and monotherapy for the empiric and 

optimal coverage of bacterial keratitis based on incidence 

of infection. Cornea. 2013;32(6):830-834.  

113. Mitra SD, Velu D, Bhuvana M, Krithiga N, Banerjee A, 

Shome R, et al. Staphylococcus aureus spa type t267, 

clonal ancestor of bovine subclinical mastitis in India. 

Journal of Applied Microbiology. 2013;14(6):1604-1615. 

https://www.thepharmajournal.com/


 
 

~ 5173 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
114. Sharma NK, Rees CED, Dodd CER. Development of a 

single-reaction multiplex PCR toxin typing assay for 

Staphylococcus aureus strains. Applied and 

Environmental Microbiology. 2000;66(4):1347-1353.  

115. Bhikane AV, Kawitkar SB. Hand book for Veterinary 

Clincian. Venkatesh Books, Udgir, India; c2000. 

116. Koreen L, Srinivas V, Edward AR, Naidich GS, Musser 

JM, Barry N, Kreiswirth BN. spa Typing method for 

discriminating among Staphylococcus aureus isolates: 

implications for use of a single marker to detect genetic 

micro and macrovariation. Journal of Clinical 

Microbiology. 2004;42(2):792-799. 

117. Khan A, Hussain R, Javed MT, Mahmood F. Molecular 

analysis of virulent genes (coa and spa) of 

Staphylococcus aureus involved in natural cases of 

bovine mastitis. Pakistan Journal of Agricultural 

Sciences. 2013;50(4):739-743. 

118. Marques VF, De Souzade MMS, Mendonca ECL, De 

Alencar TA, Pribul BR, Coelho SMO, et al. Phenotypic 

and genotypic analysis of virulence in Staphylococcus 

spp. and its clonal dispersion as a contribution to the 

study of bovine mastitis. Pesquisa Veterinaria Brasileira. 

2013;33(2):161-170. 

119. Gomez RA, Alarcon NC, Velazquez AV, Jimenez JT, 

Valdespino AP, Vazquez MAL, et al. Genetic diversity 

and virulence factors of S. aureus isolated from food, 

humans, and animals. International Journal of 

Microbiology; c2020. p. 1-10. 

120. Shakeri F, Shojai A, Golalipour M, Alang SR, Vaez H, 

Ghaemi EA. spa diversity among MRSA and MSSA 

strains of Staphylococcus aureus in north of Iran. 

International Journal of Microbiology; c2010. p. 1-5. 

121. Suleiman AB, Kwaga JKP, Umoh VJ, Okolocha EC, 

Muhammed M, Lammler C, et al. Macro-restriction 

analysis of Staphylococcus aureus isolated from 

subclinical bovine mastitis in Nigeria. African Journal of 

Microbiology Research. 2012;6(33):6270-6274. 

122. Li X, Fang F, Zhao J, Lou N, Li C, Huang T, Yirong YL. 

Molecular characteristics and virulence gene profiles 

of Staphylococcus aureus causing blood stream infection. 

Brazilian Journal of Infectious Diseases. 2018;22(6):487-

494. 

123. Moon JS, Lee AR, Kang HM, Lee ES, Joo YS, Park YH, 

et al. Antibiogram and coagulase diversity in 

staphylococcal enterotoxin-producing Staphylococcus 

aureus from bovine mastitis. Journal of Dairy Science. 

2007;90:1716-1724.  

https://www.thepharmajournal.com/

