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abstract

 Antimicrobial resistance is an emerging concern in the world while combating with 
a wide range of pathogen associated with various disease conditions. It is considered as a 
silent pandemic nowadays. A constant monitoring and measures for controlling emergence of 
antimicrobial resistance are crucial in the current situation. The present study was conducted with 
the objective of detection of methicillin resistant Staphylococcus aureus (MRSA) associated with 
mastitis in goats. Milk samples were collected from 66 goats suffering from mastitis and screened 
for the presence of S. aureus. Conventional microbiological tests and species specific PCR were 
employed for the species confirmation. A total of 10 samples (15.15%) were found to be positive 
for S. aurues. Among the ten isolates of S. aureus obtained two isolates (3.03%) were found to 
harbour mecA gene suggestive of the presence of MRSA phenotype. All the isolates were negative 
for the presence of pvl gene which is present in highly virulent strains. In short, even though the 
study demonstrated the presence of MRSA at a lower rate, the results are of a marked public health 
significance due to the zoonotic significance of the pathogen.
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 Staphylococcus aureus is an opportunistic pathogen of human and other mammals 
which has increasing clinical and veterinary importance as it has capability to develop antimicrobial 
resistance rapidly (Foster, 1996). The injudicious use of antibiotics has led to the emergence of 
antibiotic resistant S. aureus strains, most significant being methicillin resistant S. aureus. Methicillin 
resistant S. aureus (MRSA) is an emerging zoonotic pathogen of clinical significance worldwide. 
It can lead to several infections that are difficult to treat due to multidrug resistance. Methicillin is 
a beta lactam antibiotic that inhibits penicillin binding proteins that are involved in the synthesis 
of cell wall component of bacterium, peptidoglycan (Stapleton and Taylor, 2002). The methicillin 
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resistance emerges due to the expression 
resistance emerges due to the expression of 
penicillin-binding protein (PBP2a), a foreign 
PBP that can resist the action of methicillin at 
the same time perform function of host PBPs 
(Kitti et al., 2011). The emergence of MRSA 
is a public health threat of utmost importance. 
The emergence of antimicrobial resistance is 
considered as a silent pandemic. (Mahoney 
et al., 2021).   Panton- valentine leukocidin is 
a beta pore forming cytotoxin is related with 
tissue necrosis and also causes disruption of 
leukocyte membranes. Staphylococcus aureus 
strains carrying PVL are highly virulent and 
rapidly transmissible strains than PVL negative 
S. aureus (Karmakar et al., 2018). The presence 
of this virulent factor in S. aureus is important in 
pathogenicity of bacteria. 

 Mastitis is an inflammation of the 
mammary gland and is the most debilitating 
disease in dairy goats which demands huge 
economic investment in treatment (Marogna et 
al., 2010). 

 In developing countries goats are 
remarkable for the livelihood of the large 
population especially to disadvantaged 
sections of society who are prone to penury 
and undernourishment. According to the 
National Livestock census (2019), the total 
goat population in India was 148.88 million 
which forms about 27.8 per cent of the total 
livestock population.  Milch animals constitute 
69.65 per cent of the total goat population and 
this is the population susceptible to mastitis.  
The occurrence of MRSA in goats has to be 
constantly monitored as it can lead to serious 
public health issues.  Hence the present study 
has undertaken to assess the prevalence of 
MRSA in caprine mastitis.

Materials and methods

  Sixty-six goats suffering from clinical 
mastitis that had been presented at University 
Veterinary Hospitals (UVH), Mannuthy and 
Kokkalai during the period from April 2019 to 
March 2021 formed the subjects of the study. 
Milk samples were collected from the udder 
halves with mastitis after taking all aseptic 
precautions.  Primary isolation of bacteria was 
performed in Brain Heart infusion agar (BHIA; 

Himedia, M211) by directly streaking on to agar 
and incubating at 37℃ for 24 hr.  The isolates 
obtained were identified using the colony 
morphology gram staining and biochemical 
tests as per Barrow and Feltham (1993).  
Deoxyribonucleic acid was isolated from the 
cultures of bacteria using snap chill method.  
Polymerase chain reaction was performed to 
confirm the S. aureus isolates using species 
specific primers that target the 23S rRNA 
gene of S. aureus (El-Razik et al., 2010).  The 
presence of mecA and PVL in S. aureus isolates 
were detected by PCR using specific primers 
as per Kobayashi et al. (1994) and Pajic et al. 
(2014), respectively (Table 1.).

 The PCR reaction mix was made of 
5 µL of template DNA, 12.5 µL of PCR master 
mix (2X PCR Smart mix, Takara, Japan) forward 
and reverse primer of 100nM/ µL concentration 
1µL (Sigma Aldrich), sterile nuclease free 
water 5.5µL and the total volume was made to 
25µL.  The amplification procedure followed for 
23SrRNA was an initial denaturation at 94℃ 
for 5 min followed by 30 cycles of denaturation 
(94℃ for 45 s), annealing (55.8℃ for 45 s), 
extension (72℃ for 90 s), followed by final 
extension at 72℃ for 10 min.  The amplification 
procedure followed for mecA gene was an 
initial denaturation (95℃ for 3 min) followed 
by 30 cycles of denaturation (95℃ for 45 s), 
annealing (60℃ for 60s), extension (72℃ for 
60 seconds) and a final extension at 72℃ for 
7 min. The amplification procedure followed for 
pvl gene was an initial denaturation (95℃ for 5 
min) followed by 30 cycles of denaturation (95℃ 
for 30 s), annealing (59℃ for 30s), extension 
(72℃ for 60s) and a final extension at 72℃ for 
5 min). The DNA isolated from known S. aureus 
constituted the positive control (Tresamol et al., 
2018) and DNA from known Escherichia coli 
constituted the negative control (confirmed at 
Department of Veterinary Epidemiology and 
Preventive Medicine, College of Veterinary 
and Animal Sciences, Mannuthy). The PCR 
products were subjected to 1.5 per cent 
agarose gel electrophoresis for visualisation 
and documentation of the amplified products.

Results and discussion

 Milk samples from all the 66 lactating 
goats with clinical mastitis yielded growth on  J
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primary isolation on brain heart infusion agar.   
Gram’s staining revealed that 80.31 per cent of 
the cases had (53/66) gram positive cocci and 
19.69% (13/66) isolates were gram negative 
bacilli.  The colonies of gram positive cocci 
were subjected to catalase and coagulase test 
to identify S. aureus and this was confirmed 
by sub culturing on mannitol salt agar. Based 
on colony morphology, Gram’s staining and 
biochemical tests, 10 isolates were tentatively 
identified as S. aureus. The isolates obtained 
were further confirmed by species-specific 
PCR targeting 23S rRNA (Hunt et al., 2006), in 
which all the isolates yielded amplicons of 1318 

bp confirming species identification (Fig.1.). 
Similar to our work, Yamagishi et al. (2007), El- 
Razik, et al. (2010) and Tresamol et al. (2018) 
used the same PCR technique for species 
level identification of S. aureus from bubaline 
and bovine milk respectively. In short, the 
prevalence of caprine mastitis was observed to 
be 15.15 per cent during a period of 8 months 
in the present study. 

 A variable prevalence rate of S. 
aureus has been reported in lactating animals 
by different authors. Kini et al. (2019) reported 
a 51 per cent occurrence of S. aureus in goat 
mastitis from Wayanad, Kerala. Danmallam 
and Pimenov (2019) reported a 20 per cent 
prevalence of S. aureus in caprine mastitis from 
Moscow, Russia. Mugabe et al. (2017) reported 
an 83 per cent prevalence in goat mastitis 
from Botswana, Pakistan. Islam et al. (2011) 
reported S. aureus (36.36%) as the major 
pathogen associated with caprine mastitis from 
Mymensingh, Bangladesh. Najeeb et al. (2013) 
reported a 61.64 per cent S. aureus prevalence 
in caprine mastitis.  Jose et al.  (2021) reported 
32.84 per cent occurrence of S. aureus in bovine 
mastitis from Thrissur, Kerala. Low prevalence 
of 23 per cent and 18.18 per cent were reported 
by Kumar et al. (2016) and Nabih et al. (2018) 
from Pakistan and Egypt, respectively.

 Ten isolates yielded amplicons of 
size 1318bp confirming S. aureus. These ten 
isolates were subjected to PCR targeting mecA 
gene and pvl gene. Only 2 isolates yielded 
amplicons of size 303bp whereas none yielded 
amplicons for pvl gene.  Detection of methicillin 
resistance in staphylococci is a tedious process 
in the clinical microbiology laboratory due to the 
heterogeneity of the bacterium under test.  The 
detection of resistance in these isolates has 
been disturbed due to variability in the standard 
techniques used in determining resistance to 
methicillin.  Resistance to methicillin is due to 
mecA gene which is part of a mobile genetic 
element called the staphylococcal cassette 
chromosomes (SCC) mec (Wu et al., 1996), 
and it represents a marker of methicillin 
resistance when molecular techniques such 
as PCR are used for screening the methicillin 
resistant gene in S. aureus. In the present study 
methicillin resistance was detected by using 

Fig. 2. Agarose gel electrophoresis of mecA specific 
PCR of S. aureus (Lane 6: DNA Marker (100 bp), Lane 
4 and 5: Positive samples (303 bp), Lane 7: Negative 
control Lane 8: Positive control

Fig. 1. Agarose gel electrophoresis of 23S rRNA 
specific PCR of S. aureus (Lane 1: Positive control, 
Lane 6:Negative control Lane 2,4,5,7,8: Positive 
samples (1318 bp),Lane 3:DNA Marker (100 bp)
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PCR targeting mecA gene. All the 10 species 
confirmed isolates were when subjected to 
PCR for detection of presence of mecA gene, 
only two yielded mecA gene amplicons (Fig. 
2.). Accordingly, the prevalence of MRSA 
in caprine mastitis cases was calculated as 
3.03 per cent. Similarly, Aras et al. (2012) 
reported a low prevalence of 4.76 per cent 
in caprine mastitis cases reported in Turkey. 
The prevalence of mecA gene reported by 
Obaidat et al. (2018) and Altaf et al. (2020) in 
S. aureus isolates from goat milk were 11.5 
and 6.55 per cents, respectively. In contrast, a 
higher prevalence of 50 per cent was reported 
by Suchithra et al. (2015) in S. aureus isolates 
from caprine clinical mastitis cases of Thrissur, 
Kerala whereas Persson et al. (2021) could not 
detect mecA gene in milk samples and nasal 
swab of goats.

 High prevalence of MRSA had been 
detected in bovine mastitis (Kumar et al., 
2011., Jisha et al., 2020.).  The reason for the 
variation in occurrence between the species 
can be due to multiple causes such as the use 
of antibiotics, hygiene practices, and disease 
control programmes which influences the 
occurrence. The group under study constituted 
only a small proportion of a large population 
which might be the reason for the low 
percentage of detection of MRSA in the present 
study.   None of the isolates yielded amplicons 
for pvl when subjected to PCR specific for pvl 
gene. This result was in line with the findings 
of Tegegne et al. (2019) where no S. aureus 
from goat mastitis samples were reported to 
harbour the pvl gene.  The presence of MRSA 
in goats even at a low rate is of great public 
health significance.  Hygienic precautions to 
control and constantly monitor the scene for 
the presence of methicillin resistance are very 
important as this pathogen is zoonotic and can 
lead to a pandemic if left unnoticed. 

conclusion

 Antimicrobial resistance is an 
emerging issue in treating infectious diseases.  
It can be considered as a silent threat that 
could reverse the entire development that has 
been achieved in the field of treating infectious 
diseases. Constant monitoring and control 

measures are equally essential in controlling 
the emergence of antimicrobial resistance. 
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