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Abstract- All the nasal swabs collected from the domestic animals like goat and pigs and from animal handlers were used for isolation of \‘
Staphylococcus aureus. From a total of 339 samples, 292 isolates were subjected to Gram’s staining and found purple coloured cocci in clus-
ters. Among the 339 isolates 101 isolates were confirmed as pathogenic Staphylococcus aureus by a positive coagulase test. The biochemi-
cal tests like IMVIC tests, urease test, oxidase test, nitrate reduction test and catalase tests, confirmed the presence of Staphylococcus aure-
us. DNase test revealed the characteristic blue to purple coloured colonies with clear zones around them. On blood agar plates the isolates
produced B haemolysis. Two sets of primers derived from nuc gene and mecA genes were used for the identification of Staphylococcus aure-
us and its methicillin resistance respectively for the PCR assay. Out of 151 goat samples 115 (76.15%) were positive for Staphylococcus au-
reus by cultural methods and 112 (74.1%) were positive by PCR method. Out of 112 PCR positives none were found positive for MRSA by
PCR. Out of 102 pig samples 96 (94.1%) were positive for Staphylococcus aureus by cultural methods and 96 (94.1%) were positive by PCR
method. Out of 96 PCR positives one isolate was found positive for mecA by PCR which accounts to 0.98% over the total number of samples
and 1.04% over the positive samples for Staphylococcus aureus by PCR. Out of 86 human samples 81 (94.18%) were positive for Staphylo-
coccus aureus by cultural methods and 80 (98.76%) were positive by PCR method. Out of 80 PCR positives none was found positive for me-

cA by PCR.
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Introduction

There has been an increased concern throughout the world about
the pathogenic micro organisms which are resistant to commonly
used antibiotics for their control. Among different multi drug re-
sistant pathogenic micro organisms Staphylococcus aureus is one
of the most important bacteria, particularly its methicillin resistant
strains. The antibiotic methicillin was introduced in to medical prac-
tice in 1960s, and now resistant strains of Staphylococcus aureus
were found in human population throughout the world [1]. Now
MRSA has become a global health problem and there is a signifi-
cant increase in both morbidity and mortality in humans throughout
the world [2].

In the recent years increased reports are there regarding the occur-
rence of MRSA in livestock and companion animals and this has
become an emerging problem in veterinary practice. The first case
of MRSA was reported in the year 1972 from the Belgian cows af-
fected with mastitis [3]. Since that time a large number of reports
were there about the clinical cases of MRSA in dogs, cats, horses,
pigs and other animal species [4,5]. Detection of MRSA in animals
has been reported by various scientists in the previous studies [6].
Documentation is also there regarding the prevalence of MRSA in

farm or domestic animals like goats, sheep, cattle, horses and fur-
ther in different companion animals such as dogs and cats [6,7] and
revealing the fact that MRSA has emerged as a potential zoonotic
pathogen. These studies of MRSA among the domestic and com-
panion animals have raised the curtains for extensive further stud-
ies to address the issue of MRSA colonization and transmission to
human beings particularly those who are in close contact with the
animals [8].

Methicillin is grouped under narrow spectrum beta-lactamase re-
sistant penicillin’s. The mechanism of action is by interfering primar-
ily with the synthesis of bacterial cell wall and will be responsible for
binding of methicillin to penicillin binding proteins (PBPSs) [6]. Staph-
ylococcus aureus has the ability to develop resistance to any antibi-
otic that comes in to clinical use. Methicillin resistance to Staphylo-
coccus aureus is due to the acquisition of the mecA gene that en-
codes a new protein designated as PBP 2a which belongs to a
family of enzymes necessary in building the bacterial cell wall. PBP
2a has a very low affinity for beta-lactams [9]. The mecA gene is
placed on a mobile genetic element, which is called as staphylococ-
cal cassette chromosome mec (scc mec) inserted in the staphylo-
coccal chromosome upstream orf X [10]. Different types of scc mec
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can be distinguished on the basis of different key elements present,
that are the mec gene complex, comprising mecA and its regulatory
genes mec | and mec R1 and the ccr genes complex comprising to
different ccr recombinases that are responsible for the mobility of
the element [11].

MRSA is developed by the introduction of a mecA carrying element
in a methicillin susceptible Staphylococcus aureus [12]. The origin
of mecA has long been searched for [13] and found a mecA homo-
log with 80% identity to the Staphylococcus aureus gene in Staphy-
lococcus sciuri, a methicillin susceptible staphylococcus of rodents
and other primitive mammals. Another homolog of mecA with 91%
identity with Staphylococcus aureus mecA was found in staphylo-
cocci isolated from horses and specifically in Staphylococcus vituli-
nus [14]. As per the recent data available Staphylococcus fleurettii
belonging to Staphylococcus sciuri group, could be the origin of
mecA as this species contains mecA and the chromosomal locus
surrounding mecA that are almost identical to the corresponding
sequence of scc mec [15]. As per these studies carried out it indi-
cate that animal staphylococci are considered to be the origin and
reservoir of mecA.

There has been a number of reports stating that animals may serve
as reservoirs for MRSA infection of humans. In the last two dec-
ades, new generations of MRSA have emerged with the ability to
transfer to human beings and food producing animals. There is a
risk of transfer of MRSA in food animals to humans. The potential of
MRSA to become a dangerous zoonotic pathogen could affect the
epidemiology of MRSA in humans. As the prevalence of MRSA in
animals is continuous to rise, there is an inherent risk for new
MRSA clones to evolve secondary to horizontal gene transfer and
host selection pressure and then spread to human hosts. Thus the
presence of MRSA in animals is a concern not only to veterinarians
and animal health care workers but also to public health.

Materials & Methods

The specimens selected for this study were nasal secretions. These
secretions were collected by using sterile cotton swabs. Cotton
swabs were sterilized in hot air oven at a temperature of 160°C for 1
hour. A cotton tipped dry swab was inserted into the anterior nares
of animals and human beings and rubbed gently against the muco-
sa for approximately 5 seconds and it was placed in normal saline.
A total of 339 nasal swabs from anterior nare of animals and human
beings were collected aseptically in sterile normal saline tubes. The
collected specimens were processed within 2 to 24 hours of collec-
tion. The source and number of samples collected in this study are
given in [Table-1].

Table 1- Source and number of samples collected

Number

Species Source of the samples collected Total
Kanigiri Mandal, Prakasam District, Andhra Pradesh 54

Goats Goat farm, College of Veterinary Science, Tirupati 20 151
Private goat farm, Thondawada, Chittoor, AP 19
Naidupet Mandal, Nellore District, Andhra Pradesh 58

Pigs AICRP on pigs, College of Veterinary Science, Tirupati 54 102
Private pig farm, Tiruchanooru, Chittoor, AP 48
Goat handlers 74

Humans Pig handlers of AICRP on pigs, College of Veterinary 1 86
Science, Tirupati

Grand Total 339

For the isolation and identification of Staphylococcus aureus tryptic
soy broth was used for enrichment of inoculum. Baird Parker agar
supplemented with 5% sterile egg yolk tellurite suspension was
used for isolation of Staphylococcus aureus. During isolation cotton
tipped dry swabs were inserted into the anterior nares and rubbed
gently against the mucosa for approximately 5 seconds and they
were placed in normal saline tubes. Loop full of inoculum from the
tubes was transferred to tryptic soy broth tubes and the tubes were
incubated at 37°C for 24 hours. After incubation a loop full of inocu-
lum from tryptic soy broth tubes was streaked over Baird Parker
agar with egg yolk tellurite plates and the plates were incubated at
37°C for 48 hours.

Identification of Staphylococcus aureus was done by taking a smear
which was prepared from the growth on Baird Parker agar and it
was stained with Grams method of staining. Gram positive bacteria
were identified up to genus level as staphylococcus based on mor-
phology. All the isolates were identified up to species level based
on biochemical and sugar fermentation tests as per the methods
described by Barrow and Felthan [16] and Bergeys manual of sys-
temic bacteriology [17]. For confirmation of Staphylococcus aureus,
the biochemical tests conducted were tube coagulase test, catalase
test, DNase test, nitrate reduction test, oxidase test, urease test and
IMVIC tests, the sugars used for sugar fermentation tests were
raffinose, sucrose, maltose, d-mannitol and d-mannose and further
blood agar plate test was also conducted. For the preservation of
the isolates a loop full of the isolated organism was added to the
sterile tryptone soya glycerol broth vials and mixed well in vortex
mixer. The vials were then labelled and stored at -20°C.

Polymerase Chain Reaction

The reference strain for Methicillin Resistant Staphylococcus aure-
us ATCC 33591 was obtained from Deapartment of Veterinary Pub-
lic Health & Epidemiology, NTR College of Veterinary Science,
Gannavaram, Andhrapradesh.

Preparation template DNA from staphylococcus strains was carried
out as per Lee [18] with minor modifications. Culture grown in 1.5ml
of tryptic soya broth at 35°C for 18- 20 hours was harvested and
centrifuged at 12000 rpm for 10minutes. The pellet was washed
twice with 1ml of sterile PBS, and re suspended in 100 pl of nucle-
ase free water and boiled for 15min in a boiling water bath then it
was subjected for snap chilling on ice for 20 min. The microfuse
tube was centrifuged at 12000 rpm for 10 min at 4°C and the super-
natant was used as the template for duplex PCR assay for detec-
tion of mecA gene and nuc genes.

The primers used in the study were custom synthesized by M/s
Eurofins Genomics, Banglore (India).The details of the primers are
given in [Table-2].

A duplex PCR assay was developed through synthesis of specific
primers targeting nuc gene (S. aureus species specific) and mecA
gene (a determinant of methicillin resistance) was used in our study
according to Zhang et al [19] with slight modifications. After rapid
DNA extraction, 5 ul of bacterial DNA was added to a 25ul PCR
mixture containing 50 mM KCI, 20mMTris-HCI (pH 8.4), 2.5mM
MgCl2, 0.2mM each deoxynucleoside triphosphate (dATP, dUTP,
dGTP, and dCTP) (Thermo, USA), 0.12 pl mecA primers, 0.04M
each nuc primer, and 1.0 U of TagDNA polymerase (Thermo, USA)
[Table-3]. Amplification was performed by using a Thermal cycler
(Corbett Research, Germany). Amplification was carried out at an
initial denaturation of 94°C for 3 min followed by a cyclic denatura-
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tion at 94°C for 30 seconds, 55°C for 35 seconds and 72°C for 1
min for 35 cycles. Final extension step carried out at 72°C for 10

min [Table-4]. On completion of the reaction, tubes with PCR prod-
ucts were held at 4°C until further analysis/confirmation.

Table 2- Details of oligonucleotide primers used in this study

Target gene Primer sequence (51 -3) Expected amplicon size (bp) Reference
) o nuc gene GCG ATT GAT GGT GAT AGG GTT
Species specific primer for S.aureus Brakstad et al [56]
AGC CAA GCC TTG ACG AAC TAA AGC 270
) . ) mec A gene AAA ATC GAT GGT AAAGGT TGG C
Primer for methicillin resistance Mo & Wang [62]
AGT TCT GCA GTACCG GATTTG C 533

Table 3- Components of reaction mixture

SNo Name of the reagent Quantity pl
1 10 X PCR buffer 25

2 d NTP mix 0.2

3 Primer - F(10 p.mol) 2

4 Primer - R(10 p.mol) 2

5 Taq DNA polymerase (1 unit/ul) 0.3

6 Magnesium Chloride

7 Template DNA 2

Table 4- Cyclic conditions used for duplex PCR assay

SNo Step Temperature (°C) Duration No of cycles
1 Initial denaturation 94°C 3 min 1

2 Final denaturation 94°C 30 sec

3 Annealing 55°C 35sec 35

4 Initial extension 72°C 1 min

5 Final extension 72°C 10 min 1

6 Hold 4°C 10min -

DNA amplified by PCR was subjected to 1.5% agarose gel electro-
phoresis as described by Sombrook and Russel [20]. Agarose gel
(1.5%) was prepared by boiling agarose in an appropriate volume of
1 X TAE buffer. After cooling for about 3 minutes, ethidium bromide
was added to the agarose solution to a final concentration of 0.5
gl / ml. The molten agarose was poured in to a gel casting tray
fitted with acrylic comb was kept undisturbed till the gel has solidi-
fied. Once the gel is solidified a few ml of 1X TBE was added, comb
was removed carefully and the tray containing the gel was then
placed in a submarine horizontal electrophoresis unit filled with 1X
TAE buffer upto a level of 1Tmm above the gel surface.

About 5 pl of each PCR product was mixed with 2 ul of bromophe-
nol blue (6X) loading dye and loaded into each well. Electrophoresis
was performed at 5v/cm and the motility was monitored by the mi-
gration of the dye. After sufficient migration, the gel was observed
under UV transillumination using Alpha innotech gel documentation
system to visualize the bands. The PCR product size was deter-
mined by comparing with a standard molecular weight marker.

Results

A total of 339 samples from different sources viz: goats (151), pigs
(102), and humans(86) who were in close association with domestic
and pet animals, and the particulars of the samples which were
positive for Staphylococcus aureus were given in [Table-6]. All the
292 isolates were subjected to Gram’s staining and found purple
coloured cocci in clusters. Among the total isolates 101 isolates
were confirmed as pathogenic Staphylococcus aureus by a positive
coagulase test as shown in [Table-5].

The biochemical reactions of all the isolates were given in [Table-6].

The isolates were subjected to the biochemical tests like IMVIC
tests, urease test, oxidase test, nitrate reduction test, DNase test,
blood agar plate test and catalase tests.

Table 5- Prevalence of S. aureus from various sources

No. of samples No. of samples
positive for  positive for
S.aureus  coagulase test

No. of samples

SNo Source
screened

1 Goats 151 115(76.15%) 61 (40.39%)

2 Pigs 102 96 (94.10%) 23 (22.54%)
Humans o o

3 (Associated with animals) 86 81(94.18%) 17 (19.76%)
Total 339 292 (86.13%) 101 (29.79%)

Table 6- Results of the confirmation tests for S. aureus

Number of isolates positive for the
biochemical and other tests

SNo  Biochemical Test

Goats Pigs Humans
(n-151) (n-102) (n-140)
1 Gram'’s staining 115 96 81
2 Indole test 0 0 0
3 Methyl red test 115 96 81
4 Voges-proskauer test 115 96 81
5 Citrate utilization test 0 0 0
6 Urease test 115 96 81
7 Oxidase test 0 0 0
8 Nitrate reduction test 115 96 81
9 Catalase test 115 96 81
10 Coagulase test 61 23 17
1" DNase test 62 23 17
12 Blood agar plate test 115 96 81

All the isolates were negative for Indole and Citrate utilization tests.
Whereas all the isolates produced bright red colour in methyl red
test and red colour in Voges - proskauer test. All the biochemical
reactions confirmed the presence of Staphylococcus aureus. Fur-
ther all the isolates were subjected to urease test, oxidase test,
nitrate reduction test and catalase test. The results revealed that all
the isolates were positive for urease test, catalase test and nitrate
reduction tests, on the other hand all of them were negative for
oxidase test. The sterilized plates of DNase test agar base were
streaked with the inoculums took from positive Baird Parker agar
plates. The plates were incubated at 35-37°C for 18-24 hrs and
observed for blue to purple colored colonies with clear zones
around the colonies. For further confirmation of Staphylococcus
aureus, all the isolates were streaked on blood agar plates and
incubated at 37°C for 24 hours. The results revealed that all the
isolates produced B haemolysis on blood agar plates.

For the phenotypic detection of MRSA, all the S. aureus isolates
from different sourses were streaked on Hi-crome MeReSa agar
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plates and the plates were incubated at 37°C for 24 hr. The results
revealed that 1 isolates (goats-0, pigs-1, humans-0) were grown as
bluish-green coloured colonies.

Initial experiments to optimize PCR reaction conditions for Staphy-
lococcus aureus template involved the empirical variation of anneal-
ing temperature (53°C - 66°C), concentration of primer (5 - 15 p
mol), Magnesium chloride (1 mM - 3 mM), template volume (2ul - 8
) and the cycling conditions. Optimal results were obtained using
5 ul of bacterial lysate or 20ng of diluted DNA as template in a reac-
tion mixture consisting of 2.5 pl of 10X assay buffer for Taq poly-
merase containing 1.5 mM Magnesium chloride, 1 pl of dNTP mix,
1 pl (4 p mol / pl) of each primer and 0.3 u / ul of Tag DNA poly-
merase in a final reaction volume made upto 25 ul with molecular
grade water.

Initial denaturation at 94°C for 3 minutes followed by 35 cycles each
of denaturation at 94°C for 30 seconds, annealing at 55°C for 35
seconds and extension at 72°C for 1 minutes with a final extension
period of 10 minutes at 72°C was found to be optimum for obtaining

the desired PCR amplification of 270 bp from nuc gene and 533 bp
from mecA gene of Staphylococcus aureus. Electrophoretic analy-
sis of the PCR product revealed the specific amplification of a
533bp fragment without the presence of any spurious product.

The results of the samples by PCR method are, given and the same
were described in discussion [Table-7], [Fig-1],[Fig-2],[Fig-3].

Table 7- Screening and comparison of culture method/ duplex PCR
for detection of S. aureus and MRSA

Duplex PCR for nuc
and mecA genes

No. of sam-  No. of S. aureus

i e ples screened by culture method

Nuc mecA

M 12 3 4 5 6

500bp —»

Lane 10

M : 1Kb DNA ladder
Lane 1to 9 : Goat samples negative for MRSA
: Positive Control

1 Goats 151 15(76.15%) 112 (74.1%)  0(0%)

2 Pigs 102 96 (94.1%) 96(94.1%)  1(0.98%)

4 Humans 86 81(94.18%)  80(98.76%) 0 (0%)

Grand total 339 202 (86.13%)  288(84.95%)  1(0.29%)
9 10

<«+—— 533bp(mecA)

<—— 270bp(nuc gene)

Fig. 1- Detection of mecA and nuc gene from Goat samples through Duplex PCR

500bp —»

M. X 2 3 4

M : 1Kb DNA ladder
Lane 1 : Pig sample positive for MRSA
Lane 5 : Positive Control

6

<+—— 533bp(mecA)
<«—— 270bp (nuc gene)

Fig. 2- Detection of mecA and nuc gene from Pig samples through Duplex PCR
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500bp —»

300bp —»

e M, SN @R R <+—— 270bp (nuc gene)

M : 1Kb DNA ladder
Lane 1 : Positive Control
Lane 2, 3, 4 & 5: Human samples negative for MRSA

Fig. 3- Detection of mecA and nuc gene from Human samples through Duplex PCR

Discussion

Staphylococcus aureus causes severe animal diseases such as
suppurative diseases, mastitis, arthritis and urinary infections that
are associated with various virulent factors such as the production
of extracellular toxins and enzymes. For humans this organism is
an important cause of food poisoning, pneumonia, post operative
wound infections and nosocomial bacteraemia. Human isolates of
S. aureus, unlike animal isolates, are frequently resistant to the
penicillinase resistant penicillins [21]. An organism exhibiting this
type of resistance is referred to as Methicillin (oxacillin) Resistant
Staphylococcus aureus (MRSA). Such organisms are also frequent-
ly resistant to most of the commonly used antimicrobial agents in-
cluding the aminoglycosides, macrolides, chloromphenicol, tetracy-
clines and fluroquinolones [22]. In addition MRSA strains should be
considered to be resistant to all cephalosporins, cephems and other
B- lactams such as ampicillin, sublactam, amoxicillin-clavulanic
acid, ticarcillin-clavulanic acid, piperacillin-tazobactum and the car-
bapenems, regardless of the in-vitro test results obtained with those
agents [23].

The emergence of MRSA poses a serious public health threat. First
described as a cause of nosocomial infection in hospital settings,
now MRSA has gained attention as community pathogen [24]. Stud-
ies have shown that the epidemiology of MRSA over different parts
of India is not uniform. Some studies have reported comparable
prevalence: 38.56% in Delhi [25], 31.1% in a multicenter study in
Tamilnadu [26], and 39.50% in South Guijarat [27]. In contrast, other
studies have reported entirely different prevalence: 24% in Vellore
[28], 80.89% in Indore [29], 52.9% in Assam [30], 19.56% in Nagpur
[31], and 24% in Chandhigarh [32]. Although it's extremely difficult
to explain these conflicting data with regards to both time and place
of study, the variation is probably due to differential clonal expan-
sion and drug pressure in community. In recent years, MRSA has
been increasingly reported as emerging problem in veterinary medi-
cine. MRSA has been isolated from cattle, dogs, cats, pigs, horses
and poultry worldwide [33].

To date the only standardized means of identifying methicillin re-
sistance in the clinical microbiology laboratories are susceptibility

tests such as disk diffusion, agar or broth dilution and agar screen
methods [23]. The performance of these tests has been erratic be-
cause many factors such as inoculums size, incubation time and
temperature, pH of the medium, salt concentration of the medium
and exposure to B-lactam antibiotics influence the phenotypic ex-
pression of resistance [34].Taking into account of these factors the
empirical approach of most clinicians has been to view all levels of
methicillin resistance as being equivalent to intrinsic high level re-
sistant [35]. Because intrinsic resistance of both S. aureus and Co-
agulase negative staphylococcus appears almost exclusively to be
due to PBP2a production, techniques have been developed to iden-
tify the mecA genetic determinant that encodes for this protein.
These assays utilize PCR techniques [36]. These techniques show
a high degree of correlation among susceptibility tests and allow
accurate classification of not only highly resistant but also border
line resistant strains [37]. As PCR relies on the detection of specific
gene fragments, it can be applied in mixed microbial culture, avoid-
ing problems which may arise by using other biochemical and mor-
phological tests [38]. Similarly Cuny et al [39] utilized the PCR tech-
nique for the detection of staphylococcal species from food and
clinical samples and to detect mecA gene which encodes for methi-
cillin resistance also.

Several workers have used PCR with varied success for detection
of MRSA from clinical samples using specific gene primers for tar-
geting. Of the specific gene sequences nuc and mecA genes have
been most frequently targeted for PCR based detection of staphylo-
coccus and its methicillin resistance respectively. The nuc gene has
been designated as species specific gene for Staphylococcus aure-
us, because S. aureus strains produce an extra cellular thermosta-
ble nuclease (thermonuclease, Tnase) with a frequency similar to
that as which they produce coagulase enzyme [40]. The Tnase
protein has been well characterized and its gene the nuc gene has
been cloned and sequenced [41]. Thus the nuc gene which en-
codes the thermostable nuclease that is highly specific for Staphylo-
coccus aureus [42]. Similar to this study Gao et al [45], Nasreen et
al [43], Kateete et al [44], Padmapriya et al [46] and Chikkala et al
[47] worked on the detection of S. aureus by PCR amplification of
the nuc gene and reported that the PCR amplification of nuc gene
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has potential for the rapid diagnosis of S. aureus including speci-
mens from patients with ongoing antimicrobial therapy.

The mecA gene has been designated as the gene for methicilslin
resistance of S. aureus, because MRSA produce a novel penicillin
binding protein (PBP) in addition to the usual PBPs. This is the
primary mechanism of staphylococcal methicillin resistance and is
referred to as intrinsic resistance [48]. PBP2a has a low affinity for
-lactam antibiotics and is thought to function in their presence to
confer resistance to the bacteria. MRCoNS also become resistant
by acquisition of PBP2a encoding gene mecA [49]. mecA is a chro-
mosomally derived gene that has been cloned and sequenced [50].
It has a very high level of homology in MRSA and MRCoNS and is
absent from methicillin susceptible staphylococci isolates [51]. Addi-
tionally the mecA gene is virtually identical in all staphylococcal
strains and thus is a useful molecular marker of methicillin re-
sistance [52]. mecA primers were used by Pantosti et al [9], Tsu-
bakishita et al [15] and Renato et al [53] stated that the most relia-
ble procedure for detecting the MRSA remains the PCR amplifica-
tion of the mecA gene.

The PCR procedure using nuc and mecA derived primers were
standardized by optimizing the annealing temperature, primer con-
centration, MgCl2 concentration, template volume and cyclic condi-
tions. The specific PCR product of 270bp for Staphylococcus aure-
us (nuc) and 533bp for methicillin resistance (mecA) were stored at
-20°C, as it was observed that storage at a temperature of 4°C for a
longer period resulted in the degradation of the product. This degra-
dation might be due to action of thermostable endogenous nuclease
as reported by Gibson and McKee [54].

Nucleic acid amplification by PCR has applications in many fields of
biology and medicine including the detection of viruses, bacteria
and other infectious agent [55]. In the present study a oligonucleo-
tide primer set was used which encodes the TNase produced by the
bacteria. Primers were selected on the basis of published nucleo-
tide sequence of the 270bp nuc gene [56]. The primers were syn-
thesised by Eurofins Biolabs, Banglore, through High Salt Purifica-
tion method which confirms the Staphylococcus aureus at species
level. These results substantiate those obtained by other methodo-
logical approaches followed by Brakstad et al [56] from clinical
specimens, Costa et al [57] by using Real-Time PCR, Kim et al [58]
and Jian Gao et al [45] in S. aureus isolated from bovine milk, Asad
Khan et al [59] in S. aureus isolated from hospital personnel, Saiful
et al [60] in Malaysian clinical isolates of S. aureus, Biswajit Saha et
al [42] in S. aureus isolates from Kolkata, Nasreen et al [43] in clini-
cal isolates of S. aureus, David Kateete et al [44] in clinical isolates
of S. aureus while comparing the PCR isolates with isolates con-
firmed by conventional tests, Padmapriya et al [46] in blood isolates
of S. aureus by using Genexpert FB catridge system and Rosy
Chikkala et al [47] in clinical isolates of S. aureus while comparing
the sensitivity of femA and nuc gene for detection of S. aureus and
all of them suggested that the nuc gene is unique to identify the
bacteria at the species.

Current methods for identification of methicillin resistance in isolates
based on conventional methods detect phenotypic expression ra-
ther than the presence of mecA gene and their results depend on
numerous variables, specially requiring isolated colonies from an
overnight subculture on solid media from the positive clinical sam-
ples and automated systems have excellent specificity but often
lack sensitivity in detecting methicillin resistan staphylococci, partic-

ulary coagulase negative strains [61]. The use of PCR for the detec-
tion of mecA has been described previously. In the present study a
oligonucleotide primer set was used which recognized the se-
quence of S. aureus mecA gene, which encodes the methicillin
resistance of S. aureus. Primers were selected on the basis of the
published nucleotide sequence of the 533bp mecA gene [62].

Out of 151 isolates from goats 115 (76.15%) were positive for S.
aureus by cultural method and 112 (74.10%) by PCR method. Out
of 112 PCR positives none was found positive for MRSA by PCR.
Salvator Virdis et al [63] reported almost similar results obtained in
this study, Vyletelova et al [64] also reported that no mecA gene
was detected from S. aureus isolated from goats. Whereas Alharbi
[65] found that out of 118 isolates 103 were positive for mecA from
clinical isolates from goats, Birgit Strommenger et al [66] have iden-
tified 28 oxacillin resistant strains from 30 staphylococci isolates
and reported that all carried mecA gene and Ariyo Oludotum
Soyege et al [67] reported that out of 120 staphylococci isolates 32
(26%) were susceptible for methicillin and vancomycin and among
them 10% of the isolates were positive for mecA gene.

Out of 102 S. aureus isolated from pigs 96 (94.10%) were positive
for S. aureus by cultural methods and 96 (94.10%) samples by PCR
method. Out of 96 PCR positives 1 sample was positive for mecA
gene by PCR which accounts to 0.98% over total number of sam-
ples and 1.04% of the positive samples for S. aureus by PCR. Very
high incidence of MRSA in pigs was reported than the present study
by Zhang et al [19] who reported that out of 42 S. aureus isolates
from pig tonsils 18 (42.85%) were methicillin resistant by detecting
mecA gene, Pawel Tulinski et al [68] reported that 44 mecA positive
staphylococci were isolated from 65 staphylococci isolates of these
33 (75%) were from nose swabs of pigs, Park et al [69] reported
that from a total of 176 isolates the presence of mecA gene was
identified in 63 (35.79%) staphylococci isolates, Boris Habrun et al
[70] found that 8 (25%) out of 32 S. aureus isolates from pig farm
facilities were the carriers of mecA gene, Milenko Zutic et al [71]
from Serbia reported that MRSA was detected from one pig with
endometritis and Conter et al [72] reported that among 51 staphylo-
cocci isolates 49 (96%) were carried mecA gene.

Out of 86 S. aureus isolated from humans 81 (94.18%) were posi-
tive for S. aureus by cultural methods and 17 (19.76%) samples by
PCR method. Out of 86 PCR positives no sample was positive for
mecA gene by PCR. A relatively high percentage of MRSA was
reported from humans than the present study by Islam et al [73]
who reported that out of 94 clinical strains of S. aureus 255 of hu-
man clinical isolates were positive for mecA in Bangladesh, Khulai
Manal et al [74] reported that 39 (92.85%) out of 42 MRSA isolates
were positive for mecA gene, Wulf et al [75] found that 4.6% of the
participants at a livestock conference in Netherlands were nasal
carriers of MRSA, Hanselman et al [76] found that 16% of nasal
carriers were large animal vets whereas only 4.4% of those working
with small animals were positive and none of the research workers
were positive for MRSA, Baptiste et al [77] reported that in Northern
England 11 of 67 (16%) horses were MRSA positive whereas their
attendants were negative for MRSA and Eva Juhasz-Kaszanyitzky
et al [78] found that in 3 tonsils samples of people who were in con-
tact with cows 1 was positive for mecA gene. In the present inves-
tigation no MRSA was found from the human isolates, but there are
number of references which indicates the presence of MRSA in
humans who are associated with animals.
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Conclusion

In the present investigation no MRSA was identified either in goats
or in humans who were closely associated with these species
whereas pigs have shown one sample positive for MRSA. The per-
centage of MRSA that was observed in samples collected from pigs
was negligible. Based on this report we can not come to a conclu-
sion regarding the zoonotic significance of MRSA as it was proved
by number of scientists that there was a transfer of MRSA from
animals to humans. Although it is extreemely difficult to explain
these conflicting data with regards to both time and place of study,
the variation is propably due to differential clonal expression and
drug pressure in community.

Conflicts of Interest: None declared.
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