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Abstract

Background Staphylococcus aureus is part of normal flora and also an opportunistic pathogen responsible for a wide
range of infections in both humans and animals. Livestock-associated S. aureus (LA-SA) has gained importance

in recent years due to its increased prevalence in recent years, becoming a worry in public health view. This study
aimed to study the epidemiology of LA-SA strains in Madurai district, Tamil Nadu, India.

Methods A total of 255 samples were collected from bovine and other small ruminants like goats and sheep nares
(n=129 and n=126 respectively). Nasal swab samples were collected from study animals with sterile sample collect-
ing cotton swabs (Hi-Media, Mumbai). Samples were transported to the lab in Cary-Blair Transport media for further
analysis. The samples were tested for S. aureus using antibiotic selection and PCR-based assays. The pathogenicity

of the bacteria was assessed using chicken embryo models and liver cross-sections were used for histopathology
studies.

Results The prevalence rate in bovine-associated samples was 42.63% but relatively low in the case of small rumi-
nants associated samples with 28.57% only. The overall prevalence of S. aureus is found to 35.6% and MRSA 10.98%
among the study samples. The antibiogram results that LA-SA isolates were susceptible to aminoglycosides and tet-
racyclines but resistant to 3-lactam drugs. The biofilm formation results showed that the LA-SA isolates are weak

to high-capacity biofilm formers. The enterotoxigenic patterns revealed that most of the isolated strains are entero-
toxigenic and possess classical enterotoxins. The survival analysis of chicken embryos suggested that the Bovine-
associated strains were moderately pathogenic.

Conclusion The study concluded that economically important livestock animals can act as reservoirs for multi-drug
resistant and pathogenic which in-turn is a concern for public health as well as livestock health.
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Introduction

Staphylococcus aureus is a Gram-positive bacterium and
considered as an opportunistic pathogen that is capable
of colonizing different animal species [1]. S. aureus could
able to cause a set of infections in economically impor-
tant livestock animals including cows, sheep, goats, poul-
try and rabbits. In veterinary etiology, S. aureus is cited
as the causative agent of mastitis, which is a mammary
gland infection in dairy cows, small ruminants [2, 3]. It
is also a major cause of lameness in the poultry indus-
try, the result of skeletal infections in commercial broiler
chickens [4], as well as being identified as a pathogen of
farmed rabbits [5].

The discovery of antibacterial drugs in the mid-twen-
tieth century revolutionized the treatment strategies
of bacterial infections. But later antibiotic resistance
became a primary concern in treating bacterial diseases.
Antibacterial resistance is considered as the ultimate
One Health issue [6]. The pattern of antimicrobial sus-
ceptibility varies according to the degree and duration of
livestock exposure to antimicrobials [7]. Since antimicro-
bials are commonly used in livestock as growth promot-
ers, such exposure is threatening because it facilitates the
evolution of antimicrobial resistance in the associated
bacteria. Over the last few decades, animal-associated S.
aureus strains have globally emerged as multidrug-resist-
ant strains among livestock animals, as well as among
people who have contact with food-producing animals
[8].

In this modern era, the emergence of new zoonotic
diseases and the re-emergence of zoonotic diseases
has become a major concern among veterinarians. The
importance of zoonoses in the rise of human infec-
tions cannot be exaggerated. Around 61% of human
microbial pathogens and 73% of emerging human
pathogens identified during the past two decades are
zoonotic. The emergence of multi-drug resistant S.
aureus (MDR-SA) became a global menace in the new
millennium [9]. Besides its zoonosis, S. aureus is dan-
gerous because of its harmful effects on animal health,
which in turn has a huge impact on the welfare of ani-
mals and causes major economic losses in livestock
production.

The epidemiological knowledge of LA-SA in Tamil
Nadu, India is also scanty. Furthermore, the emergence
of LA-MRSA is on the rise and a big worry in terms of
public health. Human-animal interactions, especially
between humans and livestock-animals are quite com-
mon due to the domestication of animals, especially
in India. Estimating the pathogenic potentiality of the
livestock-associated S. aureus strains is necessary for
understanding if it is a zoonotic agent or are the livestock
animals responsible and acting as reservoirs. The study,
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primarily, is focused on the epidemiological estimation of
LA-SA strains, and intra- and inter-strain comparison of
the variations in virulence capacity in LA-SA strains iso-
lated from Madurai district, Tamil Nadu, with the aid of
in vivo studies.

Materials and methods

Sample collection

The random sampling method was followed to collect
the samples. Nasal swabs collected from adult healthy
animals including cows (Bovines) and small ruminants
(Caprine and Ovine) with sterile cotton swabs (Hi-Media
Sterile culture collecting device) in Madurai district
and sampling points were denoted in the location map
(Fig. 1). Collected samples were transported to the labo-
ratory in Cary-Blair transport media. The samples were
processed on the day of sample collection itself to ensure
the maximum recovery of bacteria [10]. Samples, not
more than five, were collected to ensure heterogeneity
from any herd or farm.

Plate-based identification of S. aureus

The nasal swabs collected initially spread on Mannitol
Salt Agar (MSA) and Nutrient Agar with 7.5% of NaCl,
a selective medium for S. aureus. Plates were incubated
at 37 °C for 24 — 48 h. Further, Gram staining was per-
formed with a conventional established protocol for posi-
tive isolates on Agar plates. For Coagulase test, freshly
prepared 12 to 18 h broth cultures were inoculated over
the Baird-Parker agar plate with the addition of Egg yolk
tellurite emulsion (Hi-Media, India) and plates were
incubated at 37 °C for 24 — 48 h. After incubation, the
positive strains form black or brownish-black color col-
onies which indicate the presence of Coagulase positive
strains.

Identification of S. aureus by multiplex PCR

DNA isolation performed with the aid of the Favoro-
gen Tissue DNA extraction kit, Taiwan. DNA extracted
according to the Manufacturer’s protocol. Lysostaphin
(Sigma, USA) used for better lysis of cell walls as per
manufacturer’s recommendation. Quantification analysis
was performed on Nanodrop 2000 (Thermo Scientific,
USA). Multiplex PCR reactions have been carried out
based on standard methods to characterize S. aureus at
the species level and methicillin resistance [11-13]. Mul-
tiplex PCR reactions carried out with the Staphylococcus-
specific 16 s rRNA, femA and tetM primers to confirm
the strains.

Antibiogram
Antibiotic susceptibility tests performed on all S.
aureus isolates to determine their antibiotic-sensitivity
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Fig. 1 Sampling points—Map of location and sampling points of the study area in Madurai district, Tamil Nadu, India

pattern according to Kirby-Bauer [14] protocol. Mul-
tiple Drug Resistant (MDR) phenotypes recorded for
isolates showing resistance to four and more antibiotics
[15]. The antibiogram results were interpreted accord-
ing to CLSI guidelines. Test strains were screened for
the p-Lactamase production for the further confirma-
tion of resistance towards [-lactum drugs [16] [(Proto-
cols mentioned in Supplementary file 1)].

Assessment of biofilm formation

In brief, the S. aureus strains were grown in LB broth
for overnight at 37 °C, then the overnight grown cul-
tures were diluted to 1:100 into fresh medium and
100 pl of dilution was transferred to 96-well microti-
tre plate. For the quantitative assay, four replicate wells
kept for treatment. Microtitre plates were incubated for
overnight at 37 °C. For staining biofilm grown in micro-
titre plates, and biofilm quantification was carried out
according to the protocol [17] (detailed protocol was
given in Supplementary File 1) by O’Toole (2011).

In vivo estimation of virulence—Chicken embryo infection
model

The estimation of the virulence capacity of strain was
performed by using the Chicken embryo as a model. The
experiment was conducted for a few selected strains,
where MRSA MTCC1430 served as a positive con-
trol and saline (0.7% NaCl) as a negative control. The
experiment was carried out according to the protocol of
Polakowska et al., [18] with few modifications, with the
hatching eggs obtained from commercial hatcheries after
ensuring that the feed did not contain any antibiotics.
The chicken embryos were infected with test S. aureus
strains on the seventh day, after the incubation. The mean
survival rates were noted from the first to the seventh day
after the infection i.e. from the eleventh day after incu-
bation to seventeenth day through candling. On the sev-
enteenth day, the liver was dissected from euthanized
embryos. Histopathological studies were done to check
the liver damage caused by the pathogen. The formalin-
fixed liver tissue cross-sections were stained with H&E
and were examined for fibrosis in the liver. The extent of
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liver tissue damage was confirmed and the damaged liver
tissue was carefully examined and analyzed in compari-
son to control panels, using a manual approach.

Statistical analyses

The data analysis was performed on R v3.4.2 and Med-
Calc. Differences among means were considered signifi-
cant when P-value <0.05. Epidemiological analyses were
performed with ‘Epi Info™™ (Version 7.2, Centre for Dis-
ease Control and Prevention). The odds ratios (OR), con-
fidence intervals (CI), and P values were calculated by the
x2-test with Yates correction.

Ethical statement.

The chicken-embryo experiment was performed at Vas-
cular Biology Laboratory at AU-KBC Research Centre,
Anna University, Chennai. The experimental protocol for
the use of chicken embryos was submitted to the Insti-
tutional Biosafety and Ethical Committee (IBEC) of the
AU-KBC Research Centre. The experiment was con-
ducted with prior intimation to IBEC and IBEC declared
that no formal approval was necessary to perform these
experiments.

Results

Characterization and prevalence analysis

of livestock-associated S. aureus

Initially the strains collected from local livestock were
enumerated in the laboratory for the characterization
of S. aureus. The strains were identified based on the
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morphological features and PCR characterization with
Staph specific primers. After PCR confirmation, fifty-five
isolates from the bovine-associated and thirty-six iso-
lates from small ruminant’s origin confirmed as S. aureus.
Among these isolates, twenty-eight isolates confirmed as
MRSA based on the presence of the mecA gene in their
genome. Phenotypic and molecular characterization con-
firms the isolated bacterial strains from the livestock were
S. aureus strains. A multiplex PCR was performed assess
the strain’s methicillin resistance at the molecular- level.
In this set SSCmec and tetM primers used to confirm the
presence of resistance genes in the isolates and further
antibiogram results also indicate the resistance features of
isolates towards commonly used antimicrobial drugs.

After molecular confirmation, the prevalence rate of
S. aureus in the study population was analyzed. In this
study, the prevalence rate in bovine-associated samples
was 42.63% while it is low in the case of small ruminants-
associated samples with 28.57% only. The bar diagram
(Fig. 2) depicts the prevalence rate of LA-SA in the study
population along with the MRSA prevalence rates. The
chi-square test showed there is a significant difference
in the prevalence of S. aureus between the two strains
(x*=5.49, p-value=0.019). The overall prevalence of
S. aureus found to 35.6% and MRSA 10.98% among the
study samples.

The overall prevalence data presented in Table 1 with
all calculated chi-square values (Yates Corrected x2)
and Odds Ratio (OR). Table 2 depicts the compared dif-
ferences in the prevalence rates of S. aureus as well as

S.aureus EMRSA

255

36

0
~N

- I

Bovine

Small ruminants

Total

Fig. 2 Prevalence analysis—Bar diagram representing the number of samples collected for prevalence analysis of S. aureus and MRSA in bovine

and small ruminant’s samples
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Table 1 Statistics of the prevalence of S. aureus and MRSA isolates

Sample Details OR 95% ClI x2" p-value
Total Samples (n=255) 0.3079 02143 - 04423 40.658 0.0000
Bovine Associated (n=129) 0.5524 0.3372 -0.9049 5.023 0.0250
Small Ruminants Associated (n=126) 0.163 0.0924 - 0.2763 44587 0.0000
MRSA (Overall) 0.1975 0.1052 - 0.3702 25406 123107
MRSA (Bovine Associated) 0.1683 0.0739-0.3833 17.600 272107
MRSA (Small Ruminants Associated) 0.250 0.0938 - 06613 6.722 0.00952

Table 2 Comparing frequency counts between two hosts for
the prevalence of S. aureus and LA-MRSA

Sample Origin  Positive Negative zfor95%Cl X2 p-value
(S.
aureus)
Bovine 55 74 1.96 5493 0.0191
Small Ruminants 36 90
MRSA (Bovine 16 39 1.96 0.184 0.668
Origin)
MRSA (SR Origin) 12 24

MRSA with respect to the hosts. These results proved
that there is a high probability of recovering S. aureus
from livestock samples. But there is a high chance of
recovering LA-MRSA from Small ruminant origin sam-
ples. However, there is no significant difference for iso-
lating S. aureus as well as LA-MRSA strains from both
the hosts in the study (Table 2). Further, the samples
were categorized into urban- and rural- backgrounds,
based on the area of collection to identify the influence of
environment on the prevalence of S. aureus in the study
population. The results revealed that urban environments
have a high prevalence rate of S. aureus (Table 3).

Antibiogram

The antimicrobial susceptibility and resistant pattern
results are straight forward to show the strain’s nature.
In this study, the sensitivity of twelve different antibiot-
ics covering major classes of antibiotics like beta-lactams,
macrolides, etc. were assessed. The antibiotic-resistant

patterns of various antibiotics used in this study have
represented Table 4 with the number of antibiotics used
and in the form of a heat map for better visualization
(Fig. 3).

The isolated S. aureus strains were resistant to differ-
ent classes of antibiotics. The study population is mostly
sensitive to protein synthesis targeting drugs like Chlo-
ramphenicol, Streptomycin, and erythromycin, except
tetracycline. But the study population is resistant to
penicillin-like drugs or P-lactams. The results indicate
the presence of MRSA and MDR-SA in the study popula-
tion. The strains were showing different levels of resist-
ance and sensitivity for methicillin. Methicillin resistance
is defined as the strains of S. aureus that are resistant to
the isoxazolyl penicillins, such as methicillin, oxacillin,
and flucloxacillin [19]. The isolates were strongly sus-
ceptible to Streptomycin (91%), Vancomycin (81%), fol-
lowed by Chloramphenicol (79%). Vancomycin-Resistant
Staphylococcus aureus (VRSA) is a rare find in the study
population. The methicillin resistance in the study popu-
lation noted as 32.23% and also cumulative resistance of
both methicillin and oxacillin resistance was found to be
similar but with a meager increase in the resistance that
is 32.56%. The production of the B-lactamase enzyme
tested using an iodometric method using the starch-
iodine indicator. The production of p-lactamase decol-
orizes the blue color developed after the addition of the
starch-iodine indicator. It was noted that 57/88 strains
produced the B-lactamase enzyme and in turn, these
fifty-seven isolates became resistant to Ampicillin and
Penicillin or Methicillin.

Table 3 Statistics of the prevalence of S. aureus and MRSA isolates in rural and urban background environments

Sample Origin Samples Positive OR 95% Cl x2" p-value
Rural 192 57 0.178 0.1151-0.2762 61.76 0.000
Urban 63 34 1.3746 0.6821 - 2.7698 0.5079 0476
MRSA (Rural=13) 0.0873 0.0364 - 0.0873 3157 0.000
MRSA (Urban=15) 0.6233 0.2393 - 1.6235 0.5294 0.466

Yates Corrected
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Table 4 Antimicrobial susceptibility profiles of LA-SA (n=86)

Antibiotic Groups Antibiotic Conc Resistant Intermediate Sensitive
B-lactams Ampicillin (AMP) 10 ug 42(48.83%) 0(0.00%) 44(51.16%)
Penicillin (P) 10 units 57(66.27%) 0(0.00%) 29(33.72%)
Methicillin (MET) 5ug 26(32.23%) 0(0.00%) 60(69.37%)
Oxacillin (OX) 1 g 12(13.95%) 23(26.74%) 41(47.67%)
Aminoglycosides Kanamycin (K) 30 ug 21(24.41%) 26(32.23%) 39(45.34%)
Streptomycin (S) 10 ug 7(8.13%) 0(0.00%) 79(91.86%)
Tetracyclines Tetracycline (TE) 25 ug 28(32.55%) 21(24.41%) 37(43.02%)
Oxytetracycline (O) 30 ug 6(6.97%) 19(20.93%) 61(70.93%)
Amphenicols Chloramphenicol (C) 25ug 19(20.93%) 0(0.00%) 68(79.07%)
Macrolide Erythromycin (E) 15 ug 11(12.79%) 32(37.20%) 43(50%)
Glycopeptides Vancomycin (VA) 30 ug 2(2.32%) 14(16.27%) 70(81.39%)
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Fig. 3 Heatmap of antibiotic resistance patterns—It describes the antibiot

study. The dark blue cells represent resistant strains while the dark cyan and cyan cells represent intermediate and sensitive strains respectively
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Prevalence of Staphylococcal enterotoxins

Multiplex PCR, comprising six gene primers, was per-
formed to find out the prevalence of SEs in the study
population. The PCR amplifications were recorded on  Table5 Prevalence of toxin genes in S. aureus isolates from
agarose gel electrograph for all the classical enterotoxin  different hosts

genes, except for enterotoxin D (sed — 278 bp), and for
Toxic Shock Syndrome Toxin (TSST-1) encoding gene

No. of Positives

(tst—326 bp). Table 5 provides the details about the Gene L Bovine (n=55) ;T:mlilnants
presence of toxin genes in the study population. Bovine- (n=36)
associated strains possess more toxin genes while small A
ruminants-associated strains lack most of the toxin Toxic shock syn- 5090(28) 30551
drome toxin 1
genes. . . . seq Enterotoxin A 81.82 (45) 52.77 (19)
TSST-1 encoding gene tst, along with enterotoxin a ,
. seb Enterotoxin B 20.00(11) 277 (1)
(sea) followed by enterotoxin e (see) was more preva- )
. X . sec Enterotoxin C 14.55 (8) 1111 4)
lent in the study population while the other genes were ,
A . sed Enterotoxin D 0(0) 0(0)
scanty. Enterotoxin D encoding gene sed was completely A
see Enterotoxin E 52.72(29) 33.34(12)

absent in the study population. The association statistics
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are given in Table 5; it is evident, from these results that
Enterotoxin A and TSST-1 genes were strongly associ-
ated, and enterotoxin E was moderately associated, with
the study population isolates. Based on the epidemiologi-
cal data of toxin genes in the study population, the host-
based intra comparison was made to find the reservoir
of toxigenic S. aureus. The chi-square based comparison
showed that bovine-associated S. aureus (BA-SA) strains
were more toxigenic (x2=7.73, p-value=0.0054) and
can act as a reservoir for toxigenic S. aureus. The results
strongly suggest that bovines colonize with toxigenic S.
aureuys strains.

Biofilm formation capacity

Biofilm formation is a potential virulence factor in S.
aureus isolated from clinical mastitis [20]. So, in order
to have a comprehending command about the disease
establishment by S. aureus strains from healthy animals,
the biofilm formation assessment was carried out. The
results showed that the strains were weak to the high
capacity of biofilm formation. A parametric statistic test,
Welch two-sample t-test was used to detect the variation
of biofilm formation among the specificity. The Welch
two-sample t-test was found to be statistically signifi-
cant (Fig. 4, t=2.0116, df=80.4, and p-value=0.0476).
This result suggests that the BA-SA strains have a better
capacity of biofilm formation than the small ruminants-
associated strains.

On the basis of the antibiotic resistance, the biofilm
formation capacity, and the toxicogenic capacity of
strains, two strains from small ruminant-associated
samples (with sample IDs — SR32 and SR42) and three
strains from bovine-associated samples (with sample
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IDs — A21, A7, and A85) were selected for in vivo viru-
lent assessment and for inter- and intra- comparisons.
The survival analysis of embryos is depicted in Fig. 5.

As expected, with respect to the control, fibro-
sis was observed in liver samples challenged with the
pathogen but in the liver tissue cross-sections which
were challenged with small ruminants-associated S.
aureus strains, no fibrosis was observed. Clear fibrosis
was observed in liver tissues challenged with MRSA,
Human-associated S. aureus, and BA-SA (Fig. 6). The
histopathological study supported the earlier biofilm
formation and chicken embryo assays. The results
highlighted the pathogenic potentiality and toxi-
genic nature of LA-SA isolates. The intra-comparison
between bovine and small ruminant hosts suggested
that bovine-associated strains were more pathogenic in
nature.

Discussion

The present study focused on the epidemiological and
virulence characterization of Livestock-associated strains
of this bacterium. Nasal-swabs were used as samples
since it is the prescribed sampling method [21]. Molecu-
lar characterization of S. aureus performed with estab-
lished protocols in accordance with previous studies. In
this study, Staphylococcus specific 16S rRNA, nuc and
sdrE gene primers used to confirm the bacterial isolate
as S. aureus. Duran et al., 2012 [22], developed multiplex
PCR using 16S rDNA, mecA and femA gene primers to
characterize S. aureus. Meanwhile, the widely used gene
primers were also used to characterize MRSA strain such
as nuc and mecA in this study [11-13].
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Fig. 4 Box Plots of Biofilm means—The “R"generated boxplots of biofilm quantification analysis depict there was significant variation

among bovine-associated and small ruminants-associated strains
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Fig.5 Survival Analysis—Kaplan—Meier curves representing the expected survival probability. The curves representing the survival rates of chicken
embryos from day 1 to day 7 after challenging with S. aureus. Control: 0.7% NaCl, Group | = MRSA, Group Il - Human-associated S. aureus, Group

—llland IV = Small Ruminants-associated S. aureus (Sample IDs—SR32 and SR45 respectively); Group V — VIl - BA-SA strains (Sample IDs—A21, A7,
and A85 respectively)

Group -1V

Fig. 6 Histopathology photomicrographs—Histopathology analysis of liver-cross sections of chicken embryos showed liver fibrosis; fibrosis
condition was shown with an arrow mark and scale bars for images= 20 um. a Liver histology showed fibrosis in Group — | chicken embryo infected
with MRSA MTCC1430 strain. b Fibrosis was observed in Liver cross-section of Group - Il chicken embryo infected with Human-associated S. aureus
strain. ¢ & d Liver histology did not show fibrosis in Group - Il & Group - IV chicken embryos infected with small ruminants- associated S. aureus
strains SR32 and SR45, respectively. e Fibrosis was observed in Liver cross-section of Group -V chicken embryo infected with Bovine-associated
methicillin-resistant S. aureus (BA-MRSA-A21) strain. f & g Liver histology did not show fibrosis in Group - VI & Group - VII chicken embryos infected

with small ruminants- associated S. aureus strains A7 and A85 respectively, and h No fibrosis observed in liver cross-sections of chicken embryo
control group (sterile 0.7% NaCl)

Epidemiological and antibiogram analyses mainly on the human origin and bovine mastitis associ-
The prevalence analysis suggests that bovine hosts could  ated with S. aureus [23, 24] but in recent times, the stud-
be potential reservoirs for S. aureus as well as LA-MRSA  ies on epidemiological investigations of S. aureus from
when compared with other small ruminants like sheep  Livestock have increased. The prevalence analysis results
and goats. The majority of the prevailing reports focused are comparable to other previous studies. Mork et al.,
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[21] reported that 16.0% of sheep and 58.2% of bovine
nasal swab samples tested positive for the S. aureus
strains. But a high prevalence rate of 43.24% for S. aureus
strains was recorded from goat nasal swabs in Chong-
qing, China [25].

The other similar studies also reported that Livestock
can act as reservoirs for Livestock-Associated Methicil-
lin Resistant Staphylococcus aureus (LA-MRSA). Basi-
cally, the swine populations are major reservoirs for S.
aureus in comparison with other farm animals and live-
stock. The prevalence of LA-MRSA-positive pig farms
in Poland has increased considerably since 2008. Nasal
carriage of LA-SA by pig farmers at Poland estimated at
13.2% [26]. But a high percentage of LA-MRSA in pigs
(65%) was reported in the. Many of the studies suggest
that pigs can act as reservoirs for LA-SA but the study
by Verstappen et al., [27] suggests that Bovines can also
act as reservoirs for S. aureus. Along with the livestock,
increased incidence of LA-SA from 2016 in humans was
also observed in Kuwait [28].

Uncontrolled and over usage of antibiotics resulted in
antibiotic resistance in S. aureus. The study population
is mostly sensitive to protein-synthesis targeting drugs
like Chloramphenicol, Streptomycin, and erythromy-
cin but resistant to B-lactams. Penicillin class antibiot-
ics are highly used in veterinary medicine and as a feed
additive in India (Centre for Science and Environment
— CSE, 2014). Considerable rates of antibiotic resistance
patterns were observed in this study. Overall, a higher
rate of methicillin resistance (30.78%) was observed as
compared to previous reports reporting a range only 5
to 29%, in Indian cattle and buffalo isolates [29-31]. A
similar range of resistance- rates were recorded for LA-
MRSA in cattle in other countries, i.e. 19.8% in Belgium,
34% in cattle of Faisalabad of Pakistan and 61% in Italy
[32-34].

It is mandatory to assess the virulence capacity of
an opportunistic pathogen. The virulence capacity of a
strain of such a pathogen can be determined with sev-
eral molecular, in vitro and in vivo studies. S. aureus is
considered to be one of the bacteria that form a strong
biofilm which in turn helps S. aureus to gain resistance
against antimicrobials [35]. Biofilm formation also is
regarded as a potential virulence factor in S. aureus by
helping the bacteria with the adherence and establish-
ing the infection. Hence, quantifying the biofilm gives an
overview of the strains’ pathogenicity.

Quantification of biofilm revealed that the bovine-
associated strains appear more successful at forming
biofilm than the small ruminants-associated strains. The
reason behind this is not yet established. Lee et al., [36]
, assessed the biofilm-producing ability of S. aureus iso-
lates from Brazilian dairy farms. That study reported the
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prevalence rate of S. aureus as 45% in dairy farms, and
the biofilm-forming capacity of the isolated strains was
found comparatively lesser than the MRSA-type strains
in the laboratory. In general, MRSA strains form biofilm
at a higher rate as reported by Cha et al., (2013) [37].

Staphylococcal super-antigens (SAgs), such as TSST-
1, are the main cause of toxic shock syndrome. The
prevalence of the st gene in clinical samples of Wegen-
er’s Granulomatosis of Netherlands was reported to be
around 24% [38]. In an analysis of virulence genes among
MRSA strains, a study conducted at Iran found that the
MRSA strains harbor low frequency (2.5%) of £st genes
[39]. When it comes to livestock aspect not many stud-
ies are available in order to compare the prevalence of
toxin genes. In Italy, a study specifically on ST1 of LA-SA
lineage observed that sea gene was found in 9 out of 20
strains from cattle, herds, and humans [40]. Another
study from Northern Brazil reported that 65.78% of the S.
aureus isolates carried toxin genes, including seb, sec, sed,
and ¢st [41]. The presence of SEs in the strain’s genome
indicates the presence of pathogenic strains, in the study
population. This study reported that bovine-associated
strains are possessed more virulent genes than small
ruminants-associated strains. The reason behind this is
not yet established, but the most plausible reason may be
the mastitis disease which is very common in bovines. In
India, the prevalence rate of bovine mastitis is found to
be in the range of 34.56% to 51.43% [42]. Another expla-
nation that can be made from the field observations is
that cows are domestic animals with frequent human
contact, while small ruminants mostly live in herds. The
chance for a human-to-animal transmission of S. aureus
cannot be ruled out.

Chicken embryo assays are employed to investigate
the pathogenesis of S. aureus from earlier times for
studying bacterial interference between the strains of S.
aureus, in developing an experimental model of bacte-
rial chondronecrosis, and to study internalization of S.
aureus in osteomyelitis [43, 44]. With reference to find-
ings of Polakowska et al.,, the colonization was found to
be less in small ruminants-associated strains and mod-
erate in bovine-associated strains. The moderate coloni-
zation and less pathogenic potentiality presumably are
due to lack of the adherence genes that are essential for
the establishment of the disease or colonization of the
host tissue or the host immune system. These results
are in accordance with the post-infection survival rate
of embryos reported by Polakowska et al., The survival
rate varies from 60-80% in those groups that were
infected with bovine-associated strains. As expected,
MRSA-type strain (MTCC1430) exhibited more viru-
lence; however, at the end of the experiment, the sur-
vival rate was 0%. Since, the MRSA-type strain known
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to possess maximum known virulence factors, the sur-
vival rate of embryos was expected to be 0% at the end
of the experiment.

With these analyses, it was found that LA-SA strains
contain toxic genes and are pathogenic in nature espe-
cially bovine-associated strains. The small ruminants-
associated strains were comparatively less toxigenic
and pathogenic in nature; however, the exact reason
for this type of behavior is yet to be established. The
bovines were colonized with toxigenic S. aureus which
could act as reservoirs. This study is in agreement
with Springer et al., (2009) [45], which suggested that
MRSA could be a novel zoonotic agent and suggests
that LA-SA strains could be a novel zoonotic agent.
Another study as well suggested that ST1 lineage of
LA-SA strains isolated from farm animals could be a
potential threat to public health [40].

Conclusion

This study was designed to investigate the incidence of
S. aureus in economically important livestock animals.
The study results indicate a prevalence rate of S. aureus
was high in bovine origin samples than small ruminants.
There is no significant difference was observed in the
incidence of MRSA among bovines and small ruminants.
The presence of MRSA and MDR-SA in domestic Live-
stock animals could be a potential threat to animal and
public health. This study suggests bovines could act as
reservoirs for S. aureus.

In order to predict the virulence capacity of strains,
molecular and in vivo experiments were carried out.
The prevalence analysis of classical enterotoxin genes
in the study population also suggested that bovine-
associated strains were highly toxigenic in nature and
recorded high prevalence rates. Further, the in vivo
assessment of the virulence capacity of S. aureus strains
was carried out in the chicken embryo model since the
chicken embryos were sterile and suitable model organ-
ism to study the pathogenesis of bacterial pathogens.
All the experimental data suggested that BA-SA strains
could be pathogenic in nature and bovines shall act as
reservoirs for pathogenic and drug-resistant S. aureus
strains, even though low pathogenicity recorded for
small ruminant-associated isolates cannot be ignored
during the course of evolution.

Further studies with more samples are needed to esti-
mate the more realistic prevalence of S. aureus and MRSA
in the study sites. This study shall be extended to charac-
terize the pathogenic potential of LA-SA isolates from the
study population and compared with the host specificity.
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