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ABSTRACT. Staphylococci colonize a diverse range of animals and tissues causing adverse effects such as
mastitis in cows. This study aims to use conventional and polymerase chain reaction (PCR) based techniques to
investigate the methicillin-resistant Staphylococcus aureus (MRSA) in cow milk in Perak. PCR based techniques
are used as an alternative method in identifying pathogenic strains of Staphylococcus in comparison to the
current biochemical tests used in the detection of this pathogen. Cow milk samples collected from four locations
in Perak were examined for Staphylococcus aureus. A total of 152 from a total of 225 numbers of isolates were
characterized by using biochemical test and antibiotic susceptibility test. It was found that 19 (12.41 %) out
of 152 Staphylococcus aureus isolates were found to be methicillin-resistant S. aureus (MRSA) with only one
isolate (0.65 %) showing intermediate resistance and 133 isolates (86.93 %) as Methicillin-sensitive S. aureus
(MSSA) based on disk diffusion test. Additionally, the 19 resistance and 1 intermediate resistance isolates
were further analysed using PCR in order to confirm the presence of a 686 bp femA (specific for S. aureus)
and a 310bp mecA (resistant to beta-lactam antibiotics) gene. From this study, the mecA gene was detected
in 10 isolates, with seven in the methicillin-resistant S. aureus isolates and three in the coagulase-negative
Staphylococcus isolates. Findings from this study indicated that there is high contamination of S. aureus in cow
milk samples in Perak. Aside from that, it was also found that the PCR technique is more reliable for S. aureus
detection which may complement the existing biochemical tests and will be very useful for rapid detection
of pathogenic species of S. aureus and MRSA.
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INTRODUCTION a major cause of infection in humans, causing
pneumonia, septicaemia as well as mastitis in
animals (Jahan et al., 2015).

Staphylococcus aureus is a bacterium with

spherical shape, non-motile, and does not form

Over the last half-decade, cow milk production
has increased marginally, hovering at 500 million
metric tonnes per year (Shahbandeh, 2020).
Although milk is a healthy food, fresh milk

enhances the growth of numerous bacteria.
Some of the bacteria found in milk samples
are Escherichia coli, Streptococcus dysgalactiae,
Streptococcus uberis, Corynebacterium bovis,
Enterococcus, and Arcanobacterium pyogenes
(Taponen & Pyorald, 2009). Milk has become one
of the primary sources of infection in humans
(Taponen & Pyordld, 2009). Staphylococcus
infection accounted for up to 5 % of all infections
in European countries. Staphylococcus aureus is
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spores with the golden colour of colonies grown
on blood agar aerobically. In general, it is not
harmful but there is possibility for it to become
pathogenic when the growth temperature, pH,
and nutrient are changed as these factors will
cause it to overgrow (Hennekinne et al., 2010).
This organism has been identified as a major
concern in the genus of Staphylococcus as the
bacterium is highly infectious which may cause
mastitis cases in cows (Sawant et al., 2009).
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Several studies identified the S. aureus to be most
frequently isolated from infected cow mammary
glands as well as their milk that is infected by
mastitis (Taponen & Pyorala, 2009).

Generally, beta-lactam antibiotics are used
as treatment as well as prevention of these
bacterial infections (Pamuk et al., 2012). The
use of penicillin as an antibiotic emerged as a
major problem as S. aureus strains developed
resistance to penicillin antibiotics (Guo et al.,
2020). This is followed by the emergence of
Methicillin-resistant S. aureus (MRSA) (File, 2008).
According to Pamuk et al. (2012), long-term
antibiotic usage and overuse may lead to multi-
resistant. The mecA gene has been designated
as one of the genes responsible for resistance. It
was found in a mobile genetic element known as
SCCmec which is commonly present in most of
the MRSA strains (Ngassam-Tchamba et al., 2021).

The identification of MRSA using the
biochemical method was found to be insufficient
to determine the presence of MRSA strain.
Conventional biochemical tests are only able
to differentiate whether the suspected colonies
belong to pathogenic or non-pathogenic.
However, it has been reported that certain
coagulase-negative S. aureus may also contain
mecA gene (Igbal et al., 2021). Therefore, the
use of a highly sensitive tool such as PCR based
technique was recommended in order to
detect the strain of S. aureus which carries the
mecA gene. Based on Punjabi et al. (2021), the
duplex PCR method would be very functional
to determine MRSA strains with femA gene and
mecA gene. Thus, this study aims to determine
the effectiveness of biochemical tests and PCR-
based techniques in detecting S. aureus as well
as to determine the contamination level of S.
aureus in milk samples taken from several milk
collection centres situated in Perak, Malaysia.
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MATERIALS AND METHODS

Collection of cow milk samples

This study was conducted from March 2014 to
March 2016 with milk samples obtained from
four different milk collection centers situated
around Perak such as Tapah, Taiping, Sungai
Siput, and Parit. The milk samples were sent
to the Bacteriology Laboratory, Veterinary
Research Institute (VRI), Ipoh, Perak for further
examination. A total of 250 milk samples were
chilled upon arrival to prevent further microbial
growth and processed immediately to avoid
false negative results.

Isolation of Staphylococcus

To isolate Staphylococci, a loopful of milk was
streaked on sheep blood agar Nataraj et al.
(2021). There were 225 isolates obtained from
250 milk samples. The reference strains of S.
aureus ATCC-13565 as well as ATCC-43300 from
the American Type Culture Collection (ATCC)
were utilized as positive and negative controls
for PCR work. Positive colonies on sheep blood
agar after incubation of 24 hours at 37 °C were
observed. The colonies were then identified
based on their morphological characteristicsand
haemolytic pattern on blood agar as described
by Gupta et al. (2012).

Biochemical test

The colonies were confirmed with gram staining
before proceeding with other biochemical tests
based on Nataraj et al. (2021). The positive
colonies were subcultured on new blood agar
to obtain pure culture for further tests. This was
followed by the catalase test (presence of bubble
of oxygen) and the coagulase test (clothing)
by Sarwar et al. (2014). All the Staphylococcus
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colonies were further tested with mannitol and
maltose to differentiate whetheritis S. aureus or
other coagulase-positive strain. The strains were
incubated at 37 °C and was examined after 24
hours for growth in which yellow discolouration
of medium indicated salt tolerant Staphylococci
(Mohamed et al., 2020).

Oxacillin screen by disk diffusion test

Based on Lee et al. (2007), strains which are
either oxacillin resistant or methicillin resistant
were grouped as methicillin-resistant S.
aureus (MRSA). Previous studies showed that
phenotypic methods like oxacillin screen agar
testing is currently accepted to detect MRSA by
many reference groups which include Clinical
Laboratory Standards Institute (CLSI) USA as
mentioned by Anand et al. (2009) and Mathews
et al. (2010). Oxacillin disk diffusion test was
performed with 1 pg of oxacillin per disk placed
on Mueller-Hinton agar (Thermo Scientific,
United states) with 4 % NaCl supplementation.
The zone of inhibition was determined after 24
hours of incubation at 35 °C. S. aureus ATCC-
13565 were used as control in disk diffusion
test. Organisms with inhibition zone equal to
orless than 10 mm were considered as oxacillin
resistant. However, organisms with zone equal
to or greater than 12 mm were considered as
susceptible. Meanwhile, the organisms with
inhibition zone of 11 to 12 mm were interpreted
as intermediate (Mahsa Ansari, 2012).

Polymerase chain reaction (PCR) technique

S. aureus colonies were transferred to 200 pl of
sterile water. Then, cell suspensions were placed
in a boiling water with temperature of 95 °C
for the duration of 10 min. After that, the cells
were harvested by centrifuging at 13 000 rpm
for 15 minutes. By conducting this treatment, it
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efficiently lysed S. aureus cells which prevented
DNase activity (Vannuffel et al., 1998). Based on
Darwish and Asfour (2013), the purified genomic
DNA was used for PCR. Published primer for
detection of femA gene and mecA gene based
on Vannuffel et al. (1998) was used in this study.

Approximately, 10 pl of DNA samples were
added to 90 pl of PCR mixture consisting of
10 mM Tris HCI (pH 8.8),1.5 mM MgCl,, 50 mM
KCl, and 0.1 % Triton X-100, 0.25 mM (each)
deoxynucleoside triphosphates Promega, 100
pmol of each primer obtained based on the
work of Vennuffel et al. (1998), and 1.25 U of
DNAzyme (Thermoscientific, United States) DNA
polymerase. After an initial denaturation step
(3 min at 92 °C), 30 cycles of amplification were
performed as follows: denaturation at 92 °C for
1 min, annealing at 56 °C for 1 min, and DNA
extensionat72°Cfor 1 min withanincrement of 2
seconds per cycle. The reaction ended with a final
extension at 72 °C for 3 min. PCR was carried out
in a GeneE thermal cycler (Techne, Cambridge,
United Kingdom). After amplification, PCR
reaction was loaded on a 2 % (wt/vol) agarose
gel and horizontal electrophoresis performed
in 1X TBE Buffer containing 0.5 mg of ethidium
bromide (Promega, United States) per ml. The
ethidium bromide-stained DNA fragments were
then visualized on a UV transilluminator (Techne,
Cambridge, United Kingdom) at 300 nm.

M1-TGGCTATCGTGTCACAATCG and
M2-CTGGAACTTGTTGAGCAGAG and
F1-CTTACTTACTGGCTGTACCTG and F2-
ATGTCGCTTGTTATGTGC primers were used to
amplify a 310-bp fragment of the mecA gene and
a686-bp fragment of the femA gene, respectively.
Staphylococcus aureus ATCC 43300 was used as
the positive control as it contained the mecA
gene and S. aureus ATCC 13565 was used as the
negative control.
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RESULTS

Out of four milk collection centres, 225 bacteria
isolates were successfully isolated from 250
milk samples, with the highest isolates number
reported from Sungai Siput milk collection
centre (Table 1).
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Based on National Committee for Clinical
Laboratory Standards (NCCLs) for Kirby-Bauer
Test guidelines, 152 isolates were confirmed as
S. aureus based on catalse, coagulase, mannitol
and maltose biochemical tests (Wolfensberger et
al.,2013) (Table 2). From oxacillin screening by

Table 1. Number of bacterial isolates from milk samples in Perak, Malaysia

Milk collection centers

No. of isolates

Taiping 48
Parit 44
Sungai Siput 85
Tapah 48
Total 225

disk diffusion test, it was found that 19 S. aureus
isolates (12.41 %) were methicillin resistant
(MRSA), only one isolate (0.65 %) showed

the intermediate resistant and 132 isolates
(86.93 %) were methicillin susceptible S. aureus
(MSSA).

Table 2. Number of positive isolates for biochemical and antibiotic susceptibility tests

No of. positive isolates

Milk collection

Oxacillin screen by disk diffusion test

centre Biochemical test
Susceptible Intermediate Resistant
Taiping 38 31 0 7
Parit 30 25 1 4
Sungai Siput 62 58 0 4
Tapah 22 18 0 4
Total 152 132 1 19

Resistant - the inhibition zone is <10 mm

Intermediate - the inhibition zone is between 11 to 12 mm

Susceptible - the inhibition zone is >12 mm
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Table 3. List of S. aureus shows resistant and intermediate resistance to oxacillin screen by disk
diffusion test and their biochemical characteristic

Isolates [ Haemolysis | Gram | Catalase | Coagulase | Maltose and | Oxacillin screen by disk
staining test test mannitol diffusion test
sugar test
S78b I 1F a 1F 1F Resistant
S65¢ + + + + + Resistant
P1 i 1 i 1 1 Resistant
P4b + + + + + Resistant
P6 + + + + + Susceptible

P12 + + + + + Resistant
T13 A + A + + Resistant
M18b + + + - + Resistant
P27b + + + - + Resistant
S2a + + - - + Resistant
S28 A + 4 = = Resistant
S3 + + + - - Resistant
S19 F + i = = Resistant
S52 + + + - - Resistant
T22a A + A = = Resistant
178 + + + - - Resistant
T55 A + A = = Resistant
M12 + + + - - Resistant
M34 + + 4 = = Resistant
M45b + + + - - Resistant

(+): Positive; (-): Negative

PCR analysis after the biochemical test found to be the carriers of the mecA. The mecA
(Table 3) was conducted for 19 resistant strains  was detected in seven (36.8 %) MRSA isolates,
and one intermediate resistant strain obtained and three Coagulase-negative MRSA as shown
by oxacillin disk diffusion test. Ten isolates were  in Table 4 and Figure 1.
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Table 4. Overall result obtained from Staphylococcus isolates by biochemical method and duplex
PCR technique.

Isolates | Haemolysis | Gram | Catalase | Coagulase | Maltose Oxacillin | femA | mecA | Results [ Collection
staining | test test and screen by centre
mannitol | disk diffusion
sugar test test
S78b + + + + + Resistant + + MRSA | Sungai Siput
S65¢ + + + + + Resistant + + MRSA | Sungai Siput
P1 + T T 1 T Resistant T T MRSA Parit
P4b + + + + + Resistant + + MRSA Parit
P6 + + + + + Susceptible | + + MRSA Parit
P12 + + + + + Resistant + + MRSA Parit
T13 + + + + + Resistant + + MRSA Taiping
M18b + + + - + Resistant - + CoNS Tapah
P27b + + + - + Resistant - + CoNS Parit
S2a + + - - + Resistant - + Non | Sungai Siput
S.aureus
528 + + + + - Resistant - - Non Sungai Siput
S. aureus
S3 + + + + - Resistant - - Non Sungai Siput
S.aureus
S19 + + + + = Resistant - - Non Sungai Siput
S. aureus
$52 + + + + - Resistant - - Non Sungai Siput
S.aureus
T22a + + + = Resistant - - Non Taiping
S.aureus
178 + + + + - Resistant - - Non Taiping
S.aureus
T55 + + + + > Resistant > > Non Taiping
S. aureus
M12 + + + + - Resistant - - Non Tapah
S.aureus
M34 + + + + - Resistant - - Non Tapah
S. aureus
M45b + + + + - Resistant - - Non Tapah
S.aureus

(+): Positive; (-): Negative
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Notes: mecA gene present in a mobile genetic element known as SCCmec, the gene responsible for MRSA
resistance. femA gene specific for Staphylococcus aureus.

Figure 1. PCR products obtained with femA gene (686 bp), mecA gene (310 bp), showing S. aureus
mecA positive and femA positive as controls. Lane N (S. aureus ATCC-43300) shows negative control,
Lane P (S. aureus ATCC-13565) shows positive control and Lane 1 to 7: amplification of 686 bp of femA
gene S65¢, S78b, P1, P4b, P6, P12, T13 respectively; Lane 8,9,10: femA negative and amplification
of 310 bp of mecA positive CoNS isolate M18b, P27b respectively. S2a (i) is non-Staphylococcus

since it shows negative coagulase.

DISCUSSION

This study reported on the occurrence of
Staphylococcus aureus in several milk samples
collected from milk collection centres (MCCs)
situated in Perak. There were nine (4 %) incidences
of MRSA found around Perak based on PCR which
showed the presence of femAin this research. Few
incidences of S. aureus in raw cow milk have been
reported in several studies with the incidence
rate of 17.39 % in Ahmednagar district, India by
Tambekar and Bhutda (2010) whereas 18.80 % by
Zakary etal.(2011) in Malaysia. Aside from that,
negligence in hygienic conditions such as dirty
udder,improper cleaning of the bulk tank as well
as contaminated milking equipment were also
the reasons for the occurrence of Staphylococcus
contamination (Sawant et al., 2009).

It was found that ten isolates (528, S3, S19,
S52,T22a,T78, T55, M12, M34, M45b) showed

z

positive result for the oxacillin test but negative
in mannitol and maltose sugar.This is due to the
reason that S. epidermidis and S. saprophyticus
showed positive to coagulase test, but they
could only be differentiated by using mannitol
fermentation as well as maltose fermentation.
Both of the S. epidermidis and S. saprophyticus
are non-mannitol fermenters. These two species
can be easily differentiated using mannitol
fermentation compared to the coagulase test.
This is because S.epidermidis appears as small
pink colonies while S. saprophyticus looks like
large deep orange colonies (Chikere et al., 2008).

According to Emelda and Vijayalakhsmi
(2012), only coagulase-negative colonies can
grow on either mannitol or maltose media. The
same results appeared in M18b and P27b which
were found to be positive for mannitol sugar
but negative for coagulase test. This research
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includes Staphylococcus which gives a negative
result in the coagulase test since there are
possibilities that coagulase-negative S. aureus
is present. All of these strains can be identified
only by mannitol and maltose sugar tests.

Other coagulase-negative Staphylococcus
sp. were resistant to oxacillin but did not harbour
the mecA gene or femA gene. This suggests that
the resistant phenotype in other Staphylococcus
sp. might be due to extrinsic factors and not due
to the presence of genes (Martineau et al., 2000).

Meanwhile, the PCR technique resulted
in the S2a strain did not have femA gene but
mecA gene.The mecA gene which was detected
by conventional method was complicated
because non-S. aureus species or coagulase-
negative staphylococci also carried mecA gene
(Hagen et al., 2005; File, 2008). The S2a strain
from conventional test result contradicted the
genotypic test result. S2a also showed negative
results for coagulase and catalase tests. Such
isolates in this research were identified by using
biochemical testing as Staphylococcus spp. This
is because the mecA gene has been found in
non-staphylococcal genera such as Morganella
morganii, Proteus vulgaris, Enterococcus faecalis
(Kassem et al., 2007) which implies that PCR
screening needs to be done with biochemical
tests to avoid false-positive data generated for
MRSA (Velasco et al., 2014).

The present PCR result confirmed that not
all MRSA strains positive by oxacillin screen by
disk diffusion test are carriers of the mecA gene
(528, S3, S19, S52, T22a, T78, T55, M12, M34,
M45b). The mecA gene fragment was detected
in 10 (4 %) isolates. High levels of methicillin
resistance were expressed in the analysis of the
femA product, which indicated that this proteiniis
associated without affecting PBP2a production.
Demonstration that Coagulase negative
Staphylococcus (CoNS) methicillin-resistant
strain with negative femA gene (M18b and
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P27b) lost its methicillin resistance trait by the
significance of the femA genesin the mechanism
of methicillin resistance, but transduction of
femA genes restored the methicillin resistance
(Al-Talib et al., 2009; Giannouli et al., 2010).

The P6 strain showed heterogeneous
properties. This is because the strain was
susceptible to oxacillin disk diffusion test but
positive when tested by PCR. Even though
genotypically the mecA gene was confirmed by
PCR, there are possibilities that the mecA gene
was non-functional which could not produce
PBP2a or the strains might lack the regulatory
genes (Barskietal., 1996). There is no expression
phenotypically or caused by the presence of
pseudogene also known as borderline resistance
of S. aureus. This condition might have happened
to P6 due to hyperproduction of beta-lactamase
(Martineau et al,, 2000). S2a strain is resistant to
oxacillin and contains mecA gene but it is not
Staphylococcus sp. which was not positive in
catalase test. Only seven isolates (S65¢c, S78b,
P1, P4b, P6, P12 and T13) were homogeneous,
in which all the cells expressed resistance
when tested by phenotypical method and PCR
technique.

Simultaneous detection of femA as well as
mecA for MRSA isimportantin the identification
of S. aureus. The femA gene is an essential gene
in S. aureus being used as a molecular target in
detecting the polymorphisms of S. aureus. From
different point of view, methicillin resistance is
not only determined by the mecA gene alone.
There were several studies which showed that
the auxiliary genes such as fem A/B/X or fem need
to be present together with mecA in order to
trigger the expression of methicillin resistance.
The formation of the pentaglycine bridge which
is encoded by fem ABX operon is essential for
the cell wall synthesis of the S. aureus (Sogut et

al., 2020).
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The false negative results in which the mecA
gene persisted but showed susceptibility when
tested by disk diffusion test acquired in this
research showed that the agar screen method
and oxacillin diffusion have lower efficiency than
the PCR technique. The disk diffusion test has
limitations. It also frequently shows variations
in the results (Mirzapour et al., 2018). However,
the disk diffusion method is the gold standard
method and needs to run with positive and
negative control strains. Phenotypic expression
of methicillin resistance can be heterogeneous.
As such, this factor complicates the methicillin
resistance detection in the strains which shows
low levels of resistance. The PCR techniques
are highly sensitive and specific. Besides, it is
anindependent method which does not depend
on the culture’s chemical or physical conditions
(Mirzapour et al., 2018; Ramandinianto et al.,
2020).

CONCLUSION

There are several risk factors that are associated
with the MRSA contamination. Healthy human
being can become carrier of persistent or
intermittent MRSA which could possibly spread
to the community, and among the animals in
the dairy environment. The contamination rate
of 3.11 % S. aureus in fresh cow milk in the state
of Perak as shown in this study indicated that
the level of contamination is low in Perak. In the
future, the authors give recommendation for the
use of femA and mecA as a marker for molecular
study of S. aureus strain for the communities.
The manipulation of these regions such as in
cloning and mutation studies of the gene could
be very beneficial for the determination of its
pathogenic status and the identification of S.
aureus.

&

VOLUME 13 NO 1 JULY 2022

REFERENCES

1. Al-Talib, H., Yean, C.Y., Al-Khateeb, A., Hassan, H.,
Singh, K.-K. B., Al-Jashamy, K., & Ravichandran,
M. (2009). A pentaplex PCR assay for the rapid
detection of methicillin-resistant Staphylococcus
aureus and Panton-Valentine Leucocidin. BMC
Microbiology, 9(1), 1-8.

2. Anand, K. B, Agrawal, P, Kumar, S., & Kapila, K.
(2009). Comparison of cefoxitin disc diffusion
test, oxacillin screen agar, and PCR for mecA gene
for detection of MRSA. Indian J Med Microbiol,
27(1),27-29.

3. Barski, P, Piechowicz, L., Galinski, J., & Kur, J.
(1996). Rapid assay for detection of methicillin-
resistant Staphylococcus aureus using multiplex
PCR. Mol. Cell. Probes, 10(6), 471-475.

4. Chikere, C.B., Chikere, B.O., & Omoni, V. T.(2008).
Antibiogram of clinical isolates from a hospital
in Nigeria. Afr. J. Biotechnol., 7(24).

5. Darwish,S.F,&Asfour,H.A.E.(2013).Investigation
of biofilm forming ability in staphylococci causing
bovine mastitis using phenotypic and genotypic
assays. Sci. World J., 2013.

6. Emelda, E.J., &Vijayalakshmi, N. (2012).Isolation
and screening of antibiotic producing soil
actinomycete for antimicrobial activity. DMMB,
3(1),47-54.

7. File, T. M. (2008). Methicillin-resistant
Staphylococcus aureus (MRSA): focus on
community-associated MRSA. South Afr J
Epidemiol Infect., 23(2), 13-15.

8. Giannouli, S, Labrou, M., Kyritsis, A., konomidis,
A., Pournaras, S., Stathopoulos, C., & Tsakris, A.
(2010). Detection of mutations in the FemXAB
protein family in oxacillin-susceptible mecA-
positive Staphylococcus aureus clinical isolates.
J. Antimicrob. Chemother., 65(4), 626-633.

9. Guo,Y, Song, G, Sun, M., Wang, J., & Wang, Y.
(2020). Prevalence and therapies of antibiotic-
resistance in Staphylococcus aureus. Front Cell
Infect Microbiol, 10.

10. Gupta, V. K., Verma, S., Gupta, S., Singh, A,
Pal, A., Srivastava, S. K., Srivastava, P. K., Singh,
S. C., & Darokar, M. P. (2012). Membrane-
damaging potential of natural L-(-)-usnic acid
in Staphylococcus aureus. Eur. J. Clin. Microbiol.
Infect. Dis., 31(12), 3375-3383.



VOLUME 13 NO 1 JULY 2022

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hagen, R. M., Seegmilller, I, Navai, J., Kappstein,
I, Lehn, N., & Miethke, T. (2005). Development of
a real-time PCR assay for rapid identification of
methicillin-resistant Staphylococcus aureus from
clinicalsamples. Int. J. Med. Microbiol., 295(2),
77-86.

Hennekinne, J. A, Ostyn, A., Guillier, F., Herbin,
S., Prufer, A. L., & Dragacci, S. (2010). How should
staphylococcal food poisoning outbreaks be
characterized? Toxins, 2(8), 2106-2116.

Igbal, Z., Absar, M., Al-Sayel, K., Al-Mulhim, M., Al-
Qahtani,S., Al-Dawasari, S., Al-Mulhim, N., Fallatah,
N., Alomari, M., & Adeel, K. (2021). Prevalence
of methicillin-resistant Staphylococcus aureus
using molecular biological methods and its
antibiotic resistance patterns in Al-Ahsa Region
of Saudi Arabia: Studies on MRSA isolates from
Eastern Saudi Arabia. Proceedings of the Pakistan
Academy of Sciences: B. Life and Environmental
Sciences, 58(1), 43-51.

Jahan, M.,Rahman, M., Parvej, M. S., Chowdhury,
S. M. Z. H., Haque, M. E., Talukder, M. A. K., &
Ahmed, S. (2015). Isolation and characterization
of Staphylococcus aureus from raw cow milk in
Bangladesh. J. Adv. Vet. Anim. Res., 2(1), 49-55.
Kassem, I.1., Sigler, V., & Esseili, M. A. (2007). Public
computer surfaces are reservoirs for methicillin-
resistant staphylococci. ISME J., 1(3), 265-268.
Lam, T., Pengov, A., Schukken, Y. H., Smit, J. A.
H., & Brand, A. (1995). The differentiation of
Staphylococcus aureus from other Micrococcaceae
isolated from bovine mammary glands. J. appl.
bacteriol, 79(1), 69-72.

Lee, S. M., Ender, M., Adhikari, R., Smith, J. M. B,
Berger-Bachi, B., & Cook, G. M. (2007). Fitness cost
of staphylococcal cassette chromosome mec in
methicillin-resistant Staphylococcus aureus by way
of continuous culture. AAC, 51(4), 1497-1499.
Mahsa Ansari. (2012). Antibacterial activity of
Lippa citriodora herb essence against MRSA
Staphylococcus aureus. Afr. J. Microbiol. Res., 6(1).
https://doi.org/10.5897/ajmrx11.016
Martineau, F.,, Ois Picard, F. J.,, Lansac, N., Mé
Nard, C., Roy, P. H., Ouellette, M., & Bergeron, M.
G. (2000). Correlation between the resistance
genotype determined by multiplex PCR assays
and the antibiotic susceptibility patterns of
Staphylococcus aureus and Staphylococcus
epidermidis. 44(2), 231-238.

20.

21.

22,

23.

24,

25.

26.

MALAYSIAN JOURNAL OF VETERINARY RESEARCH

Mathews, A. A., Thomas, M., Appalaraju, B., &
Jayalakshmi, J.(2010). Evaluation and comparison
of tests to detect methicillin resistant S. aureus.
Indian J. pathol. microbiol., 53(1), 79.
Mirzapour, A., Kiani, H., Mobedi, I., Spotin,
A., Javad, S., Tabaei, S., & Rahimi, M. (2018).
Frequency of intestinal parasites among zoo
animal by morphometric criteria and first report
of the Bivitellobilharzia nairi from elephant
(Elephasmaximus maximus) in Iran. 13(4), 611-
617.

Mohamed, S., EImohamady, M. N., Abdelrahman,
S., Amer, M. M., & Abdelhamid, A. G. (2020).
Antibacterial effects of antibiotics and cell-
free preparations of probiotics against
Staphylococcus aureus and Staphylococcus
epidermidis associated with conjunctivitis. Saudi
Pharm J., 28(12), 1558-1565.

Nataraj, B.H.,Ramesh, C., & Mallappa, R. H. (2021).
Characterization of antibiotic resistance and
virulence traits present in clinical methicillin-
resistant Staphylococcus aureus isolates. Curr.
Microbiol., 78(5), 2001-2014.
Ngassam-Tchamba, C., Duprez, J.-N., Lucas, P,
Blanchard, Y., Boyen, F., Haesebrouck, F,, Argudin,
M. A., Mainil, J., & Thiry, D. (2021). Comparison
of the Staphylococcal Chromosome Cassette
(SCC) mec in methicillin-resistant Staphylococcus
aureus (MRSA) and Non-aureus Staphylococcus
(MRNAS) from animals and humans. Antibiotics,
10(3), 256.

Pamuk, S., Yildirim, Y., Seker, E., Gurler, Z., &
Kara, R. (2012). A survey of the occurrence and
properties of methicillin-resistant Staphylococcus
aureus and methicillin-resistant Staphylococcus
intermedius in water buffalo milk and dairy
products in Turkey. Int. J. Dairy Technol., 65(3),
416-422.

Punjabi, C. D., Madaline, T., Gendlina, I, Chen,
V., Nori, P, & Pirofski, L. (2021). Prevalence of
methicillin-resistant Staphylococcus aureus
(MRSA) in respiratory cultures and diagnostic
performance of the MRSA nasal polymerase
chain reaction (PCR) in patients hospitalized
with coronavirus disease 2019 (COVID-19)
pneumonia. Infect Control Hosp Epid., 42(9),

1156-1158.



MALAYSIAN JOURNAL OF VETERINARY RESEARCH

27.

28.

29.

30.

31.

32

33.

Ramandinianto, S. C., Khairullah, A. R., & Effendi,
M.H.(2020). MecA gene and methicillin-resistant
Staphylococcus aureus (MRSA) isolated from dairy
farms in East Java, Indonesia. Biodiversitas, 21(8),
3562-3568. https://doi.org/10.13057/biodiv/
d210819

Sarwar, F. Y. M. |, Sherwani, A. H. S. K., Hussain,
M. S., Zeb, M., & Sarwar, |. (2014). Identification
of Staphylococcus aureus in pus samples and its
anti-microbial susceptibility against Imipenem,
Tobramycin and Linezolid. IJBMSP, 4(1).
Sawant, A. A,, Gillespie, B. E., & Oliver, S. P. (2009).
Antimicrobial susceptibility of coagulase-
negative Staphylococcus species isolated from
bovine milk. Vet. Microbiol., 134(1-2), 73-81.
Shahbandeh, M. (2020). Global consumption of
fluid milk 2019, by country. FAQ, US Department
of Agriculture Statista.

Sogut, M., Bas, B., Bilgin, M., Sezener, M., & Findik,
A. (2020). Molecular analysis and genotyping
of methicillin-resistant Staphylococcus aureus
strains isolated from different clinical sources.
Niger. J. Clin. Pract, 23(7), 912.

Tambekar, D.H., & Bhutda, S. A.(2010). Prevalence
of bacterial pathogensin Pedha (A milk product)
sold in Amravati (India). Int. J. Dairy Sci., 5(3), 173-
176.

Taponen, S., & Pyorald, S. (2009). Coagulase-
negative staphylococci as cause of bovine
mastitis-Not so different from Staphylococcus
aureus? Vet Microbiol., 134(1-2), 29-36.

34.

35.

36.

37.

VOLUME 13 NO 1 JULY 2022

Vannuffel, P, Laterre, P. F. O, Bouyer, M., Gigi, J.,
Vandercam, B., Reynaert, M., & Gala, J. L. (1998).
Rapid and specific molecular identification of
metbhicillin-resistant Staphylococcus aureus
in endotracheal aspirates from mechanically
ventilated patients. J. Clin. Microbiol., 36(8),
2366-2368.

Velasco, V., Sherwood, J. S., Rojas-Garcia, P. P, &
Logue, C. M. (2014). Multiplex real-time PCR for
detection of Staphylococcus aureus, mecA and
Panton-Valentine Leukocidin (PVL) genes from
selective enrichments from animals and retail
meat. PLoS ONE, 9(5), e97617.

Wolfensberger, A., Sax, H., Weber, R,, Zbinden, R.,
Kuster, S. P, & Hombach, M. (2013). Change of
antibiotic susceptibility testing guidelines from
CLSIto EUCAST: Influence on cumulative hospital
antibiograms. PLoS ONE, 8(11), e79130.

Zakary, E. M., Nassif, M. Z., & Mohammed, G. M.
O. (2011). Detection of Staphylococcus aureus
in bovine milk and its product by real time PCR
assay. GJBBR, 6(4), 171-177.

ACKNOWLEDGEMENTS. The authors would like to
thank University Sains Malaysia for funding this study.
The assistance of few laboratory staffs of Veterinary
Research Institute (VRI) Ipoh, Perak especially the
Section of Bacteriology during the identification
process for this study is highly appreciated.



