
Journal of Animal Research: v.13 n.01, p. 147-152. February 2023

DOI: 10.30954/2277-940X.01.2023.20

How to cite this article: Janus, A., Deepa, P.M., Vergis, J., Habeeb, B.P., 
Bipin, K.C., David, V. and Vijayakumar, K. (2023). Multidrug Resistant 
Staphylococci Isolates from Bovine Mastitis in Wayanad District. J. Anim. 
Res., 13(01): 147-152.
Source of Support: None; Conflict of Interest: None  

Multidrug Resistant Staphylococci Isolates from Bovine Mastitis in  
Wayanad District

A. Janus1, P.M. Deepa1*, Jess Vergis2, Biju. P. Habeeb3, K.C. Bipin1, Vinu David3 and K. Vijayakumar1

1Department of Veterinary Epidemiology and Preventive Medicine, College of Veterinary and Animal Sciences, Pookode, 
Wayanad, Kerala, INDIA

2Department of Veterinary Public Health, College of Veterinary and Animal Sciences, Pookode, Wayanad, Kerala, INDIA
3Department of Veterinary Clinical Medicine Ethics and Jurisprudence, College of Veterinary and Animal Sciences, Pookode, 

Wayanad, Kerala, INDIA

*Corresponding author: PM Deepa; E-mail: deepapm@kvasu.ac.in

Received: 15 Dec., 2022 Revised: 25 Jan., 2023  Accepted: 29 Jan., 2023

AbstrAct

The phenotypic resistance pattern of staphylococci isolates from bovine mastitis was studied. The phenotypic resistance 
percentages obtained for the antibiotics tetracycline (17.90 %), sulpha- trimethoprim (15.40 %), ceftriaxone- tazobactum 
(14.19%), gentamicin and amoxycillin- clavulanate (11.11 %) each, enrofloxacin (10.49%) and cefoperazone (8.64 %) was 
assessed to identify multi-drug resistance (MDR) in the isolates. The MDR bacterial isolates were identified as Staphylococcus 
spp (12.34%). Seven MDR coagulase positive isolates and 13 coagulase negative isolates were selected for the multi-drug 
resistance profiling. The MAR index was also calculated for each isolate. The highest MAR index was noticed for the isolate 
which showed resistance against all the antibiotics studied. The occurrence of multi-drug resistance in mastitis pathogens results 
in recurrent mastitis in dairy cattle and to the related economic losses for the livestock owners along with serious implications 
in public health.

HIGHLIGHTS

 m High occurrence of MDR Staphylococcus spp. was reported from recurrent bovine mastitis.
 m Emergence of coagulase negative staphylococci as a major pathogen for subclinical mastitis in cattle
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Staphylococci are recognized as the leading etiological 
agents for clinical mastitis worldwide. Staphylococcus 
aureus, notorious for its antimicrobial resistance and 
unresponsiveness to therapy has been studied extensively 
by many scientists (Salaluddin et al., 2020; Tegegne 
et al., 2021; Mbindyo et al., 2021). Pathogenesis and 
persistence of staphylococcal mastitis is determined by 
coagulase secretion and is used to distinguish S. aureus 
from other staphylococci. The emergence of multi-drug 
resistance in coagulase positive staphylococci (CPS) 
has been documented by various authors (Marami 
et al., 2022; Lopes et al., 2022). Coagulase negative 
staphylococci (CNS) were usually considered as teat skin 

opportunistic pathogens. The CNS staphylococci such as 
S. chromogenes, S. simulans, S. xylosus, S haemolyticus 
and S. equorum were identified as the causative agents of 
clinical and subclinical mastitis by many scientists (Condas 
et al., 2017; De Visscher et al., 2017). The endogenous 
mechanisms for multidrug resistance of S. aureus are 
decrease in outer membrane permeability, the active efflux 
of antibiotics and excessive production of beta lactamase 
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enzyme. Acquired antibiotic resistance is mainly through 
resistance by mutations, acquisition of resistance genes 
and biofilm mediated resistance (Guo et al., 2020).

 The practice of random usage of antibiotics and inadequate 
therapy has resulted in multidrug resistance in the mastitis 
causing bacteria and also their entry in to the food chain. 
The present study was carried out in the Department of 
Veterinary Epidemiology and Preventive Medicine during 
the period from January 2021 to July 2022 to assess the 
phenotypic profile of multidrug resistance in staphylococci 
isolates from bovine clinical and subclinical mastitis.

MAtErIALs AND MEtHODs

Isolation and identification of the staphylococci isolates

A total of 110 dairy cows affected with mastitis and 105 
cows with subclinical mastitis were selected for the study. 
Milk samples collected from mastitis cases were streaked 
on to Brain heart infusion agar for primary culturing. 
Among the 110 samples 101 samples revealed bacterial 
growth and nine samples did not produce colonies.. 
Out of the 101 bacterial isolates from clinical mastitis 
obtained in brain heart infusion agar, eighty-six were 
Gram- positive isolates and fifteen were Gram- negative 
isolates. In the 197 quarter samples from 105 subclinical 
mastitis cases, milk samples from eighty animals revealed 
bacterial growth and milk samples from 25 animals did 
not produce colonies. Among the eighty bacterial isolates 
from subclinical mastitis cases, all were Gram- positive 
isolates. The staphylococci isolates were identified based 
on colony morphology, Gram-staining and biochemical 
tests.

Identification of the MDR isolates

In-vitro antibiotic sensitivity of the staphylococci isolates 
was studied using the Kirby Bauer disc diffusion method 
(Bauer et al., 1966) as per the Clinical and Laboratory 
Standards Institute guidelines (CLSI, 2019). The spread of 
antibiotic resistant bacteria was also found by calculation of 
multiple antibiotic resistance (MAR) index (Krumperman, 
1983). Antibiotic discs amoxicillin-clavulanate (20/10 
mcg), trimethoprim/sulphamethoxazole (1.25/23.75 mcg), 
enrofloxacin (10 mcg), cetriaxone-tazobactum (80/10 
mcg), cefoperazone (75 mcg), gentamicin (10 mcg) and 

tetracycline (30 mcg) were used in this study. Isolates 
showing phenotypic resistance to minimum of the three 
different class of antibiotics were considered as multi drug 
resistant isolates (MDR) (Fig. 1). Twenty staphylococci 
isolates were identified as multi-drug resistant isolates and 
were selected for characterization. Methicillin resistance of 
the MDR staphylococci were studied using the antibiotic 
discs cefoxitin (30 mcg) and oxacillin (1 mcg).

Fig. 1: MDR S. aureus in MHA plate

Characterization of the MDR isolates

Cultural characterization and colony morphology of MDR 
coagulase positive staphylococci isolates in Mannitol salt 
agar, Baird Parker agar, DNase agar, purple agar with 1% 
maltose, and VP test revealed seven CPS and 13 CNS 
isolates. Along with the above tests, sugar fermentation 
tests, urease test and nitrate tests were used to identify the 
isolates (Fig. 2).

   

Fig. 2(A): Staphylococcus aureus in Mannitol salt agar
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Fig. 2(b): Coagulase positive Staphylococcus spp

Fig. 2(c): S. aureus in BP agar

rEsULts AND DIscUssION

Occurrence of multi-drug resistant isolates in bovine 
mastitis

Among 110 clinical mastitis cases screened, 78.18 per 
cent were Staphylococcus spp, 13.63 per cent were Gram- 
negative isolates, 8.18 per cent showed no growth. Among 
the 105 subclinical mastitis cases, 76.19 per cent were 
Staphylococcus spp., 23.80 per cent showed no growth. 
Among the 162 staphylococci isolates 20 (12.34 per 
cent) were identified as multi-drug resistant. The MDR 
coagulase positive isolates (n=7) were classified into six 
S. aureus and one S. pseudointermedius isolate. The MDR 
coagulase negative staphylococci isolates (n=13) were 

classified into five S. chromogenes, four S. epidermidis, 
two S. saprophyticus, two S.simulans each (Fig. 3).
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Fig. 3(A): Classification of MDR CPS isolates from bovine 
mastitis

[CA
N
1

[

ATEGORY 
NAME]
15.38%

[CATEGORY 
NAME]
7.69%

S. epiderm
31%

[CATEGORY
NAME]
7.69%

midis

Y 

[CATEGORY 
NAME]
38.36% S. chr

S. epid

S. sap

S. hya

S. sim

omogenes

dermidis

prophyticus 

acus 

mulans 

Fig. 3(b): Classification of MDR CNS isolates from bovine 
mastitis

Antibiotic resistance profile

Among the 162 staphylococci isolates, 29 isolates were 
resistant to tetracycline (17.90 5), 25 isolates were resistant 
to sulpha- trimethoprim (15.40 %), 23 isolates were 
resistant to ceftriaxone- tazobactum (14.19 %), 18 isolates 
were resistant to gentamicin and amoxycillin- clavulanate 
(11.11 %), 17 isolates were resistant to enrofloxacin 
(10.49%) and 14 isolates were resistant to cefoperazone 
(8.64 %) (Table 1).
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Table 1:  Antibiotic resistance profile of the Staphylococcus spp 
isolates from clinical mastitis (%)

sl. 
No Name of antibiotic resistant 

isolates (No)
Per cent 
(%)

1 Tetracycline  29 17.90
2 Ceftriaxone -Tazobactum  23 14.19
3 Sulpha -Trimethoprim  25 15.43
4 Cefoperazone  14 8.64
5 Gentamicin  18 11.11
6 Amoxycillin clavulanate  18 11.11
7 Enrofloxacin  17 10.49

Total  162 100

A higher resistance to tetracycline, amoxicillin-clavulanic 
acid and methicillin in staphylococci isolates in clinical 
and subclinical mastitis were earlier reported by Phophi 
et al. (2019), Pascu et al. (2022) and Freitas et al. (2018).

Multidrug resistance pattern of the isolates

The multidrug resistance pattern and MAR index of the 
seven CPS isolates is given in table 2. Among the seven 
isolates, five isolates showed resistance to four different 
classes of antibiotics (71.40 %), whereas two isolates 
showed resistance to three different classes of antibiotics 
(28.57 %). The MAR index was calculated for each isolate. 
The highest MAR index was noticed for the isolate which 
showed resistance against all the antibiotics studied.

Among the seven MDR coagulase positive isolates, the 
present study revealed six S. aureus isolates and one S. 
pseudointermedius isolate. The findings of Marami et al. 
(2022) are also similar who reported a high percentage of 

MDR coagulase positive staphylococci in dairy farms in 
Ethopia. Mbindyo et al. (2021) also reported 29.67 per 
cent MDR S. aureus isolates and 16.3 per cent MDR CNS. 
In India, Brahma et al. (2022) reported 57.20 per cent S. 
aureus isolates as MDR.

In the present study the characterization of the methicillin 
resistant MDR CPS isolates was performed based on 
cefoxitin (42.85 per cent) and oxacillin (57.14 per cent), 
which revealed that high prevalence of methicillin resistant 
staphylococci exist among the MDR staphylococci which 
is in accordance with the findings of Brahma et al., 2022. 
Mahanti et al. (2020) also reported multidrug resistance 
in all the MRSA isolated. Co resistance to βlactam 
antibiotics, tetracycline and aminoglycocides in MRSA 
isolates was earlier reported by Carfora et al. (2015). S. 
pseudointermedius a commensal bacteria seen in skin and 
mucous membrane might have been transmitted through 
the close contact between farm animals, human beings and 
pets.

The multidrug resistance pattern of the 13 CNS isolates 
are given in table 3. Among the 13 isolates, one isolate 
showed resistance to five different classes of antibiotics 
(7.69 per cent). Five isolates showed resistance to four 
different classes of antibiotics (38.46 per cent). Seven 
isolates showed resistance to three different classes of 
antibiotics (53.84 per cent).

Initially CNS were considered as minor pathogens with 
less clinical importance but recent studies (Freitas et al., 
2018) have reported higher prevalence of CNS in clinical 
mastitis and the emergence of multidrug resistance in CNS 
isolates. This is in accordance with the present findings 

Table 2: Multidrug resistance profile of the CPS isolates

sl. 
No

 Antibiotics MDR pattern to different classes 
of antibiotics

MAr 
indextEt ENr GEN cPZ CFT-TZ AMXcLV MEt sUt

1 1 1 1 1 1 TET + BL + SUT (3) 0.625
2 1 1 1 1 1 TET + ENR + BL + SUT (4) 0.625
3 1 1 1 1 1 TET + ENR + BL + SUT (4) 0.625
4 1 1 1 1 TET + ENR + BL + SUT (4) 0.50
5 1 1 1 1 1 1 ENR + BL + SUT (3) 0.75
6 1 1 1 1 1 TET + ENR + GN + BL (4) 0.625
7 1 1 1 1 1 1 1 TET + ENR + GN + BL (4) 0.875

TET- Tetracycline ENR- Enrofloxacin BL- β lactams SUT- Sulpha -trimethoprim GN- Gentamicin.
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which showed an occurrence of 65 % of MDR CNS. The 
predominant multidrug resistant CNS species recovered 
from the milk samples was S. chromogenes followed by 
S. epidermidis, S. saprophyticus and S. simulans which 
accounted for 38.46 %, 30.76 %, 15.38 %. This is in 
agreement with Lopes et al. (2022) who also reported a 
higher presence of MDR S. chromogenes than S. aureus. 
The occurrence of multidrug resistance is higher in clinical 
mastitis than subclinical mastitis and the reason might be 
due to the repeated usage of antibiotics for the treatment of 
clinical mastitis and subclinical mastitis are usually under 
diagnosed (Bansal et al., 2015).

cONcLUsION

The present study studied the phenotypic resistance pattern 
of the staphylococci isolates from clinical and subclinical 
mastitis in Wayanad district. Based on the phenotypic 
resistance pattern of the isolates twenty staphylococci 
isolates were selected as multidrug resistant (12.34 %). 
Morphological and biochemical charecterisation of the 
isolates revealed six S. aureus and one S. pseudointermedius 
isolate among the CNS isolates and The predominant 
multidrug resistant CNS species recovered from the milk 
samples was S. chromogenes followed by S. epidermidis, 
S. saprophyticus and S. simulans. The multidrug resistance 

pattern and MAR index of the isolates were assessed. The 
significantly higher percentage of multidrug resistance 
warrants formulation of future strategies for combating 
multidrug resistance in mastitis pathogens.

AcKNOWLEDGEMENts

The authors are highly thankful to Kerala Veterinary 
and Animal Sciences University, Pookode for providing 
necessary facilities and funding to carry out this work

rEFErENcEs

Bansal, B.K., Gupta, D.K., Shafi, T.A. and Sharma, S. 
2015. Comparative antibiogram of coagulase-negative 
Staphylococci (CNS) associated with subclinical and clinical 
mastitis in dairy cows. Vet. World, 8: 421.

Bauer, A.W. 1966. Antibiotic susceptibility testing by a 
standardized single disc method. Am. J. Clin. Pathol., 45: 
149-158.

Brahma, U., Suresh, A., Murthy, S., Bhandari, V. and Sharma, 
P. 2022. Antibiotic resistance and molecular profiling of the 
clinical isolates of Staphylococcus aureus causing bovine 
mastitis from India. Microorganisms, 10: 833.

CLSI [Clinical and Laboratory Standards Institute]. 2019. 
M100. Performance standards for antimicrobial susceptibility 
testing (29th Ed). Clinical and Laboratory Standards Institute, 
Wayne, Pennsylvania, USA, pp. 260.

Table 3: Multidrug resistance profile of the CNS isolates

sl. 
No.

 Antibiotics
MDR pattern MAr 

indextEt ENr GEN cPZ CFT-TZ AMXcLV MEt sUt

1 1 1 1 TET + BL + SUT (3) 0.375
2 1 1 1 1 1 1 TET + BL + SUT (3) 0.75
3 1 1 1 1 ENR + BL + SUT (3) 0.50
4 1 1 1 TET + ENR + BL (3) 0.375
5 1 1 1 1 TET + BL + SUT (3) 0.50
6 1 1 1 1 1 TET + ENR + GN + BL (4) 0.625
7 1 1 1 1 1 TET + GN + BL (3) 0.625
8 1 1 1 1 1 TET + ENR + GN + BL (4) 0.625
9 1 1 1 1 1 1 TET + ENR + GN + BL + SUL(5) 0.75
10 1 1 1 1 TET + ENR + GN + BL (4) 0.50
11 1 1 1 1 TET + BL + SUT (3) 0.50
12 1 1 1 1 1 TET + GN + BL + SUT (4) 0.625
13 1 1 1 1 1 TET + GN + BL + SUT (4) 0.625

TET- Tetracycline ENR- Enrofloxacin BL- β lactams SUT- Sulpha -trimethoprim GN- Gentamicin.



152 Journal of Animal Research: v. 13, n. 01, February 2023

Janus et al.

Condas, L.A., De Buck, J., Nobrega, D.B., Carson, D.A., Roy, 
J.P., Keefe, G.P., DeVries, T.J., Middleton, J.R., Dufour, 
S. and Barkema, H.W. 2017. Distribution of non-aureus 
staphylococci species in udder quarters with low and high 
somatic cell count, and clinical mastitis. J. Dairy Sci., 100: 
5613-5627.

De Visscher, A., Piepers, S., Haesebrouck, F., Supré, K. and 
De Vliegher, S. 2017. Coagulase-negative Staphylococcus 
species in bulk milk: prevalence, distribution, and associated 
subgroup-and species-specific risk factors. J. Dairy Sci., 100: 
629-642.

Freitas, C.H., Mendes, J.F., Villarreal, P.V., Santos, P.R., 
Gonçalves, C.L., Gonzales, H.L. and Nascente, P.S. 2018. 
Identification and antimicrobial suceptibility profile of 
bacteria causing bovine mastitis from dairy farms in Pelotas, 
Rio Grande do Sul. Braz. J. Biol., 78: 661-666.

Guo, Y., Song, G., Sun, M., Wang, J. and Wang, Y. 2020. 
Prevalence and therapies of antibiotic-resistance in 
Staphylococcus aureus. Front. Cell Dinfect. Microbiol., 10: 
107.

Krumperman, P. H. 1983. Multiple antibiotic resistance indexing 
of Escherichia coli to identify high-risk sources of fecal 
contamination of foods. Appl. Environ. Microbiol, 46: 165–
170.

Lopes, T.S., Fussieger, C., Rizzo, F.A., Silveira, S., Lunge, V.R. 
and Streck, A.F. 2022. Species identification and antimicrobial 
susceptibility profile of bacteria associated with cow mastitis 
in southern Brazil. Pesq Vet. Bras., 42: e06958.

Mahanti, A., Joardar, S.N., Bandyopadhyay, S., Banerjee, J., 
Ghosh, S., Batabyal, K., Sar, T.K., Dutta, T.K. and Samanta, 
I. 2020. Characterization of methicillin-resistant and 
enterotoxins producing Staphylococcus aureus in bovine 
milk in India. J. Agri. Food Res., 2: 100017.

Marami, L.M., Berhanu, G., Tekle, M., Agga, G.E., Beyene, T.J., 
Tufa, T.B., Beyi, A.F. and Edao, B.M. 2022. Antimicrobial 
resistance of Staphylococci at animal human interface 
in smallholders and dairy farms in central Oromia, 
Ethiopia. Infect Drug Resist, pp. 3767-3777.

Mbindyo, C.M., Gitao, G.C., Plummer, P.J., Kulohoma, B.W., 
Mulei, C.M. and Bett, R. 2021. Antimicrobial resistance 
profiles and genes of Staphylococci isolated from mastitic 
cow’s milk in Kenya. Antibiotics, 10: 772.

Pascu, C., Herman, V., Iancu, I. and Costinar, L. 2022. Etiology 
of mastitis and antimicrobial resistance in dairy cattle farms 
in the western part of Romania. Antibiotics, 11: 57.

Phophi, L., Petzer, I.M. and Qekwana, D.N. 2019. Antimicrobial 
resistance patterns and biofilm formation of coagulase-
negative Staphylococcus species isolated from subclinical 
mastitis cow milk samples submitted to the Onderstepoort 
Milk Laboratory. BMC Vet. Res., 15: 1-9.

Quinn, P., Markey, B., Carter, M. and Carter, G.R. 2013. Clinical 
Veterinary Microbiology. (2nd Ed.), Mosby, St. Louis, pp. 
514.

Salauddin, M., Akter, M.R., Hossain, M.K., Nazir, K.N.H., 
Noreddin, A. and El Zowalaty, M.E. 2020. Molecular 
detection of multidrug resistant Staphylococcus aureus 
isolated from bovine mastitis milk in Bangladesh. Vet. Sci., 7: 
36.

Tegegne, D.T., Mamo, G., Waktole, H. and Messele, Y.E., 
2021. Molecular characterization of virulence factors in 
Staphylococcus aureus isolated from bovine subclinical 
mastitis in central Ethiopia. Ann. Microbiol., 71: 1-8.

Wuytack, A., De Visscher, A., Piepers, S., Boyen, F., 
Haesebrouck, F. and De Vliegher, S. 2020. Distribution of 
non-aureus staphylococci from quarter milk, teat apices, and 
rectal feces of dairy cows, and their virulence potential. J. 
Dairy Sci., 103: 10658-10675.


	_Hlk121859618
	_Hlk111958141
	_Hlk116988022
	_Hlk121852133
	_Hlk121861601
	_Hlk116981515
	_Hlk116981935
	_Hlk114643967
	_Hlk114048464
	_Hlk120873275
	_Hlk121859099
	_Hlk120463866
	_Hlk115862058
	_Hlk121890032
	_Hlk121901969
	_GoBack

