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The aim of this study was to know the prevalence of Staphylococcus aureus in
bovine milk samples and to evaluate the occurrence of methicillin-resistant
Staphylococcus aureus (MRSA) among S. aureus isolates. A total of 150 bovine milk
samples were analysed which showed the prevalence of S. aureus in 56.67% of samples.
The mecA gene detection by PCR among S. aureus revealed the distribution of MRSA in
29.33% of bovine milk samples. Antibiotic sensitivity pattern reveals that 86.36 and
95.45 percent MRSA isolates were resistant to penicillin and ampicillin respectively,
whereas 80.49 and 87.80 percent non-MRSA isolates were found to be resistant to penicillin
and ampicillin antibiotics respectively.

 Keywords: Staphylococcus aureus, bovine milk, MRSA, mecA and ABST.

Staphylococcus aureus is recognized as
a pathogen of animals and humans responsible for
causing a wide variety of diseases1. It colonizes
the skin and mucosae causing suppurative disease,
arthritis, urinary tract infections and clinical or
subclinical mastitis in ruminants2, 3. Presence of S.
aureus on the skin and mucosae of food animals
and their frequent association with mastitis, often
leads to contamination of milk4  which may result in
food poisoning in human beings. Preformed
enterotoxins (SEs) of S. aureus are responsible for
causing food poisoning and this ranks third among
reported food-borne illnesses in the world5.

Recently, there has been increased
concern about emergence of antibiotic resistant
strains of S. aureus. Development of resistance

has been attributed to the extensive therapeutic
use of antimicrobials or to their administration as
growth promoters in food animal production6.
Methicillin-resistant Staphylococcus aureus
(MRSA) are the strains of S. aureus that are
resistant to all available penicillins and other â-
lactam antimicrobial drugs and it was first reported
in 19617, 8. . Resistance to methicillin is due to the
acquisition of the mecA gene, which encodes
PBP2a, an alternative protein necessary for
building of the bacterial cell wall. PBP2a is encoded
by the mecA gene located in the mobile genetic
element called Staphylococcal cassette
chromosome (SCCmec)9.

The strains of MRSA that affect animals
were referred as LA-MRSA (Livestock-associated
MRSA)9. More recently, LA-MRSA has emerged
as an organism of zoonotic importance and has
been isolated from livestock such as pigs, cattle,
poultry etc10. However, the first evidence of direct
MRSA transmission between cattle and humans
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was reported by Juhasz-Kaszanyitzky et al.11.
There is now increasing concern about the public
health impact of MRSA associated with food
producing animals12. MRSA strains have been
isolated in many countries from cows’ or small
ruminants’ milk and various dairy products13. Thus
this study was aimed to determine the prevalence
of S. aureus and MRSA in bovine milk from
different districts of Bihar, India and to generate
antibiotic sensitivity profile of isolates.

MATERIALS   AND  METHODS

Sample collection
A total of 150 fresh bovine milk samples

were collected from different districts of Bihar
during January to March, 2016 by the standard
sampling methods. The samples were collected
from Patna (128), Khagaria (12) and Madhepura
(13) district of Bihar and transported to the
laboratory under cold conditions.
Bacterial isolation and biochemical
characterization

The milk samples were processed for
enrichment by inoculation of 0.5 ml in 10 ml
trypticase soy broth with 10% NaCl followed by
overnight incubation at 37 °C. Selective plating
was performed using Mannitol salt agar (MSA)
(HiMedia, India) with overnight incubation at 37°C.
Typical yellow colour (mannitol fermentor) colonies
on MSA were examined by Gram staining and
biochemical tests.
Genomic DNA isolation

The genomic DNA of Staphylococcus
aureus was isolated by using the method described
by Wilson14 with some modifications. Ten ml of
overnight grown bacterial culture was centrifuged
at 8000 rpm for 15 minutes and supernatant was
discarded. The pellet was washed with normal saline
and centrifuged at 8000 rpm for 15 minutes. 0.5 ml
of 10mM Tris HCl (pH 8) and lysozyme (2.5 mg/ml)
was added and incubated at 37°C for 1 to 2 hours.
6 µl Proteinase K (10 mg/ml) and 30 µl SDS (20%)
were added and mixed thoroughly. The mixture was
then incubated at 37°C for 60 mins. 100 µl 5 M
NaCI and 80 µl CTAB/NaCI solution were added
and incubated at 65°C for 10 minutes. Chloroform/
isoamyl alcohol (24:1) and phenol/chloroform/
isoamyl alcohol (25:24:1) extraction was performed
consecutively and DNA was precipitated using

0.7 volumes isopropanol. Finally, the DNA pellet
was washed twice with 70% ethanol and dissolved
in TE buffer. The DNA was stored at -20oC for future
use.
PCR cyclic conditions for amplification of mecA
gene

A polymerase chain reaction (PCR) assay
targeting methicillin resistant ‘mecA’ gene was
used for detection of methicillin resistant S. aureus
as per the method described by Braoios et al.15

with slight modifications. The PCR was performed
in a total reaction volume of 25 ìl containing 2.5 ìl
of 10X DreamTaq buffer, 1 ìl of 10 mM of each
dNTP, 10 pmol of each primer (F:
GTAGAAATGACTGAACGTCCGATAA and R:
CCAATTCCACATTGTTTCGGTCTAA)15, 1 U Taq
polymerase (Thermoscientific), 2 ìl of bacterial
DNA and nuclease-free water up to 25 ìl. The PCR
amplification was performed in a thermal cycler
(Peqlab, Germany) with initial denaturation at 95°C
for 5 min, followed by 35 cycles of denaturation at
95°C for 30 s, annealing at 50°C for 30 s and
extension at 72°C for 45s. Final extension was
carried out at 72°C for 10 min. The products were
electrophoresed in 1% agarose gel (Amresco)
stained with ethidium bromide (0.5 ìg/ml) and image
was documented in a gel documentation system
(BioRad).
Antibiotic sensitivity profiling of isolates

The antibiotic sensitivity test of isolates
was performed according to protocol described
by Clinical Laboratory Standards Institute16. The
antibiotic discs were impregnated with penicillin
(10µg), ampicillin (10µg), tetracycline (30µg),
kanamycin (30µg), norfloxacin (10µg) and
streptomycin (10µg) (HiMedia, India). About 100 ìl
of the inoculums (bacterial culture grown in nutrient
broth) was spread over Mueller Hinton agar plate
with L- spreader and antibiotic discs were placed
onto the plate using sterile forceps. The plates
were incubated at 37°C for 24 hrs and observed for
zone of inhibition. The results were categorized as
resistant, intermediate and sensitive as per CLSI
guidelines.

RESULTS   AND  DISCUSSION

Isolation and biochemical identification
of S. aureus on MSA from bovine milk samples
revealed a total prevalence of S. aureus as 56.67%
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(85/150) comprising of 54.69% (70/128), 75% (9/12)
and 46.15% (6/13) from Patna, Khagaria and
Madhepura district of Bihar, India respectively. The
findings show a high rate of prevalence in bovine
milk since the samples were collected randomly
from different animals.

The higher prevalence of S. aureus
(~57%) in bovine milk, indicating the risk for
development of mastitis in the animals harbouring
the organisms or may also attribute to the lack of
hygiene and sanitation in the farm or their handlers.
The present finding is in concordance with the
findings of Sudhan et al.17, who reported a
prevalence of 56% S. aureus in India. Similar finding
with slightly lower rate of prevalence (50-53%) in
milk samples were also reported from different parts
of the world18, 19. In contrast to the present finding,
a lower prevalence of 28-34% in bovine milk sample
was also reported by Abera et al.20 and Joshi et
al.21.

The PCR targeting mecA gene was also
standardized for rapid detection and confirmation
of MRSA. The assay yielded a specific amplicon
of a 310 bp (fig. 1). All the isolates confirmed
biochemically were tested for amplification of
mecA gene by PCR. This revealed the prevalence
of MRSA in 29.33% (44/150) of the bovine milk
samples. The distribution of mecA gene in the
samples belonged to different district of Bihar
comprising of 28.12% (36/128), 38.46% (5/13) and
23.08% (3/12) from Patna, Khagaria and Madhepura
district, respectively.

This study showed a higher prevalence
of MRSA (~29%) in bovine milk that was found in
accordance with the findings of Mirzaei et al.22

and Alian et al.23 who reported a prevalence of
29% and 28.3% MRSA in raw milk, respectively. In
contrast to the finding of present study a lower
prevalence of 0-25% was also reported by others24,

25, 26. The higher prevalence of MRSA in the present
study may be due to indiscriminate use of beta-
lactam antibiotics as the drug of choice for the
treatment of subclinical and clinical mastitis in
animals.

The antibiotic sensitivity test was
performed against penicillin, ampicillin,
tetracycline, kanamycin, norfloxacin and
streptomycin. All the isolates (85) were grouped
separately into mecA negative (non-MRSA) (41)
and mecA positive (MRSA) (44) isolates and result
were interpreted accordingly. The antibiotic
sensitivity study of S. aureus showed that 80.49
and 87.80 percent non-MRSA isolates were found
to be resistant to penicillin and ampicillin
antibiotics respectively, while, 2-9% with
tetracycline, kanamycin, norfloxacin and

M: 100 bp plus DNA ladder
L1-L8: Positive amplicons of mecA gene of
sample isolates
L9: Negative control

Fig.1. PCR amplification of mecA gene of methicilli
resistant S. aureus

Fig.2. Antibioticsensitivty profile of methicillin resistant S.anreus lsolates from bovine milk
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streptomycin (fig. 2). In comparison to this MRSA
isolates showed a resistance of 86.36 and 95.45
percent to penicillin and ampicillin  respectively
while, 20-29% to tetracycline and norfloxacin and
9-18% to streptomycin and kanamycin (fig. 3).

The present study showed high
resistance of S. aureus to penicillin and ampicillin.
This is in accordance with the findings of Abebe
et al.27 and Abera et al.28 who reported resistance
of S. aureus to penicillin 94% and  94.4%
respectively. The results were in accordance with
findings of earlier studies from different countries29,

30 suggesting a possible development of resistance
from prolonged and indiscriminate usage of
antimicrobials. Resistance to penicillin is a great
concern since this antibiotic represents the main
antibiotic groups recommended for Staphylococcal
mastitic infection. The regular use of antibiotics
for the treatment of animals might result in the
spread of resistant strains as resistance is mediated
by plasmids and transposons which can pass from
one organism to others.

CONCLUSIONS

S. aureus and MRSA is widely prevalent
in bovine milk as shown in the present study. With
increase in resistance for common antibiotic used
in the field condition, the potential of alternative
antibiotics found effective in in vitro antibiotic
sensitivity test may be considered for treatment
against mastitis. The emergence of MRSA in bovine
can also pose a potential risk of its transmission
from animal to human.
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