DETECTION OF GENETIC VARIABILITY AMONG
Staphylococcus aureus ISOLATES FROM VARIOUS CLINICAL AND NON-CLINICAL AN IMAL
AND HUMAN SETTINGS IN RELATION TO SOME VIRULENCE FA CTORS

Y] TS AT o HQii-eh R TR Aqrteh uRfeerfoen @ faanfsa Rwraenasiaa siiftad & %o
T8 IRl o WLl W ATk faf=ar st oar e

SANDEEP KUMAR SHARMA

M.V.Sc.

THESIS
DOCTOR OF PHILOSOPHY

(Veterinary Microbiology)



Department of Veterinary Microbiology and Biotechno logy
College of Veterinary and Animal Science, Bikaner
Rajasthan University of Veterinary and Animal Scien  ces
Bikaner — 334001



Ph.D. (Veterinary Microbiology ) THESIS 2016 SHARMA, S.K.



Acknowledgements

First and foremost, I take this opportunity to express my deep sense of gratitude and heartfelt thanks to my worthy supervisor and gracious mentor Dr. A. X.
Kataria, Professor, Department of Veterinary Microbiology and Biotechnology and Officer in-charge, Apex centre for Animal Disease Investigation, Monitoring and
Surveillance, Principal Investigator, Centre for Studies on Wildlife Management and Health and Principal Investigator, Centre for excellence for use of space based
technology in animal science for his guidance, advice and motivation from the very early stage of this rvesearch. I would never find words to thank him for his personal
dedications that made my job a lot easiev. Above all and most needed, he instilled in me, hope and positive energy, and kept me focused throughout my research. His
perspicacious remarks, capacity to combine critique with an immediate empathy, penchant for punctuality and his involvement has nouvished my intellectual maturity
that I will benefit from, for a long time to come. I am indebted to him more than he knows.

I would like to express my profound and most sincere gratitude to my advisor Dr. S. C. Mehta, Principal Scientist, Animal Genetics & Breeding ‘Unit, National
Research Centre on Camel, Indian Council of Agricultural Research (ICAR) Bikaner, India for his supervision, endless help, highly professional advice, scholarly guidance
and constant motivation throughout research work.

I would like to record my gratitude to members of my advisory committee, Dr. S. K. Kashyap, Professor and Head, Department of Vetevinary Microbiology and
Biotechnology, Dr. B. N. Shringi, Professor, Department of Veterinary Microbiology and Biotechnology, Dr H. Dadhich, Professor and Head, Department of Veterinary
Pathology and Dr. (Mrs.) Nalini Kataria, Professor and Head, Department of Veterinary Physiology for their immense support, valuable guidance and constructive views
in my research.

I also acknowledge the help and support vendered by Dr. S. Maherchandani, Professor, Dr. S. S. Soni, Professor Dr. Pankaj Kumar, Assistant Professors and Dr.
Taruna Bhati, Assistant Professors Department of Veterinary Microbiology and Biotechnology, CVAS, RAJUVAS, Bikaner during the course of research.

I am profoundly thankful to Prof. (Dr.) Col. A.X. Gahlot, Hon'able Vice-Chanceller, Rajasthan University of Veterinary and Animal Sciences and Dr. Tribhuwan
Sharma, Dean, College of Veterinary and Animal Science Bikaner, their academic support, encouragement and providing the necessary facilities that facilitated my
research.

The financial assistance provided by the Department of Science and Technology, New Delhi in the form of JRF-P Inspire fellowship during the degree programme
is thankfully acknowledged.

I would like to thank to Dr. Vishinu Sharma, Dean, PGIVER and all esteemed faculty members for their continuous support and encouragement.

I am immensely thankful to my seniors; Dr. Vikash & Dr. Alka Galav, Dr. N.S. Rathore, Dr. Samita Saini, Dr. Nazeer mohammed my colleagues; Ms. Sneha
Choudhary, Ms. Priyanka Rathore and Dr. Irfan Ahmad Mir, my juniors; Dr. (s) Abhimanyu, Jyoti, Kruthika Patel, Rahul Yadav, Prerna Nathawat, Pramod Boyal,
Dhirender Meena, Sunita, Diwakar for the continuous help extended by them during my research work which eased my way to reach my destination.

Let me also say ‘thank you’ to technical and non-technical staff of CVAS and NRCC Bikaner for their constant assistance during my whole research period.

My parents deserve special mention for their constant support and prayers, my father Shri Kishan Lal Sharma and my mother Smt. Bimla Devi whose love and
blesses are with me in whatever I pursue. I cannot find words to express my gratitude to my brother Jitendra Xumar Sharma, who gave me my identity, who gave me
better life and everything else in between. He is the veason I did this; He is the reason I thrive to be better. His pride for me is my main goal in life. I would like to thank to
my in-laws family, whose blessings always support me. My wife Anamika deserve words from my heart for her love, patience, and understanding- she allowed to devote her
share of time to complete this thesis without complaining.

I am also thankful to my sister-in-law Urmila Sharma, Sister Beena Sharma, brother-in-law Dr. Satish Sharma, uncle Sh. Chfiotu Ram and aunt Smt. Mayapati for
love and affection they gave me during all time. I thank my dearest nephews Tanmay, Nurhan, Naman, Goreesh and Goransh for always making me smile.

Finally, T would like to thank everybody who was important to the successful accomplishment of the thesis, as well as expressing my apology that I could not
mention personally one by one.

Place: Bikaner
Date: (Sandeep Xumar Sharma)



AP-PCR
agr

bp

BME
Coa\NSA
CP
CTAB
DEB
EDTA

Ibs
mcg
min
MLEE
MRSA
MSSA
ng

nm
oD
PAGE
PBS
PCR
PFGE

Arbitrarily Primed PCR
Accessory gene regulator system
Base pair
-mercaptoethanol
Coagulase Negati¥ aureus
Capsular Polysacclearid
Cetyltrimethylammoniumdonide
DNA extraction buffer
Ethylene diamine tetraacetic acid
Hour/hours
Pounds
Microgram
Minutes
Multilocus Enzyme Elegbtworesis
Methicillin ResistanB. aureus
Methicillin Sensitives. aureus
Nanogram
Nanometre
Optical density
Polyacrylmide Gel Elegtinoresis
Phosphate buffer saline
Polymerase Chain Reaction
Pulse Field Gel Electrophoresis

ABBREVIATIONS



RAPD = Randomly amplified polymbic DNA

REs = Restriction Endonuclease

rep-PCR = repetitive element sequence®®CR

RFLP = Restriction Fragment Length Polymorphism
rRNA = Ribosomal Ribonucleic Acid

SDS = Sodium dodecyl sulphate

TBE = Tris borate EDTA

TE = Tris EDTA

Tris = Hydroxymethyl amino methane

TSS = Toxic Shock Syndrome

uv = Ultraviolet

Rajasthan University of Veterinary and Animal Scierces, Bikaner
College of Veterinary and Animal Science, Bikaner

CERTIFICATE-

This is to certify thaMr. Sandeep Kumar Sharmahad successfully completed tb@mprehensive examinatiorheld on 18-11-13, 19-11-13, 20-

11-13 and 23-12-13 as required under the reguafiarPh.D. degree.



(S.K.Kashyap)
Head
Department of Veterinary Microbiology and Bioteclogy,
College of Veterinary and Animal Science,
Bikaner-334001

Rajasthan University of Veterinary and Animal Scierces, Bikaner
College of Veterinary and Animal Science, Bikaner



CERTIFICATE-II

This is to certify that this thesis entitléDetection of genetic variability among Staphylococcus aureus isolates from various clinical and non-
clinical animal and human settings in relation to eme virulence factors submitted for the degree of Doctor of Philosophythe subject of
Veterinary Microbiology embodies bonafide reseasaitk carried out byMr. Sandeep Kumar Sharmaunder my guidance and supervision and that
no part of this thesis has been submitted for ahgrodegree. The assistance and help receivedgdtiven course of investigation have been fully
acknowledged. The draft of the thesis was alsoagal by the advisory committee on ....................

(S.K. Kashyap) (A.K. Kataria)
Head (Major Advisor)
Department of Veterinary Microbiology

and Biotechnology
College of Veterinary and Animal Science,
Bikaner-334001

(Tribhuwan Sharma)
Dean



College of Veterinary and Animal Science
Bikaner

Rajasthan University of Veterinary and Animal Scierces, Bikaner
College of Veterinary and Animal Science, Bikaner

CERTIFICATE-III

This is to certify that the thesis entitléDetection of genetic variability among Staphylococcus aureus isolates from various clinical and
non-clinical animal and human settings in relationto some virulence factors”’submitted byMr. Sandeep Kumar Sharmato Rajasthan University
of Veterinary and Animal Sciences, Bikaner, in @hfulfilment of requirements for the degree ob®or of Philosophy in the subject of Veterinary
Microbiology after recommendation by the externghrainer was defended by the candidate before thewiog members of the examination
committee. The performance of the candidate inotiaé examination on his thesis has been foundfaet®y; we therefore recommend that the thesis
be approved.

(A.K. Kataria) (S.C. Mehta)
Major advisor Advisor
(S.K. Kashyap) (B.N. Shringi) (H. Dadhich)
Advisor Advisor Advisor
(N. Kataria)

Dean, PGS Nominee ExteEhaminer



(S.K. Kashyap)
Head

Department of Veterinary Microbiology and Bioteclogy
College of Veterinary and Animal Science, Bikaner

DEAN
Post Graduate Studies
RAJUVAS, Bikaner

Rajasthan University of Veterinary and Animal Scierces,
Bikaner
College of Veterinary and Animal Science, Bikaner

CERTIFICATE - IV

This is to certify thaMr. Sandeep Kumar Sharmaof the Department of Veterinary Microbiology and®chnology, College of Veterinary
and Animal Science, Bikaner has made all correstiondifications in the thesis entitléBetection of genetic variability among Staphylococcus
aureus isolates from various clinical and non-clinical ammal and human settings in relation to some viruleoe factors” which were suggested by
the external examiner and the advisory committe@enoral examination held on............The final copiéshe thesis duly bound and corrected were
submitted on................ , are enclosed herevatrapproval.



(A.K. Kataria)
Major Advisor

Enclosed are one original and two copies of bohedis. Forwarded to the Dean, Post Graduate SiuileBJVAS, Bikaner through the Dean, College
of Veterinary and Animal Science, Bikaner.

(S.K. Kashyap)
Head
Department of Veterindlicrobiology and Biotechnology,

ol@ge of Veterinary and Animal Science,

Bikaner
Dean
College of Veterinary and Animal Science
Bikaner

Dean,
Post Graduate Studies
RAJUVAS, Bikaner

Introduction



REVIEW OF LITERATURE



MATERIALS AND METHODS



RESULTS AND DISCUSSION



SUMMARY



LIERATURE CITED



ABSTRACT (ENGLISH AND HINDI)



ANNEXURE



CONTENTS

S. No.

Title

Page No.

INTRODUCTION

1-6




REVIEW OF LITERATURE

7-48

MATERIALS AND METHODS 49-62
RESULTS AND DISCUSSION 63-160
SUMMARY 161-166
LIERATURE CITED 167-178
ABSTRACT (English and Hindi) 179-181

ANNEXURE







LIST OF TABLES

1. List of antibiotics used for antibiogram study aganst S. aureus isolates obtained in the present study. 53
2 List of antibiotics Ezy MIC™ strips used to determne minimum inhibitory concentration (MIC) against S. aureusisolates. 54
3. Detail of primers used in the present study. 54-55
4. Detail of samples, sources of samples and recovefyS. aureus isolates from various sources. 64
5. Properties of S. aureus isolates on Nutrient Agar and Mannitol Salt Agar 65
6. Comparison of coagulation of plasmas from differenspecies of animals and human b$. aureusisolates. 67
7. Detection of slime production amon(S. aureus isolates. 68
8. Haemolysis pattern ofStaphylococcus aureusisolates on sheep blood agar in the present study. 69
9. Changes in haemolysis pattern oBtaphylococcus aureusisolates during Hot — Cold lysis phenomena. 70
10 Titration of beta () toxin produced by S. aureus isolates against cattle erythrocytes after 2 h intbation at 37’ C followed by 71
' overnight refrigeration at 4°C
11. Titration of delta () toxin produced by S. aureusisolates against horse erythrocytes after 3 h incattion at 37 C 71
12. Sensitivity patterns for S. aureusisolates against various tested antibiotics 73-76
13. Analysis of variance of diameter of inhibition zonglmm) of antibiotics for S. aureusisolates. 77
14 Duncan’s Homogeneous Subsets analysis of Meant SBfsllues of diameter of inhibition zone of antibiotis amongs. 79-80
' aureusisolates.
15 Analysis of significance level of probability of vaiance of diameter of inhibition zone (mm) of antibotics by Bonferroni 81-83
' correction test for S. aureus isolates.
16. Detection of group Multiple Antibiotic Resistance hdex (MAR) value among sources db. aureusisolates. 85
17. Detection and Distribution of Multiple Antibiotic R esistance Index (MAR) value among individuab. aureusisolates. 85
18 Determination and Distribution of Minimum Inhibitor y Concentration (MIC) of following antibiotics for studied S. aureus 87
' isolates.
19 Analysis of variance of Mean+ SEM values of Minimumnhibitory Concentration (MIC) of antibiotics for S. aureus 88

isolates.




Duncan’s Homogeneous Subsets analysis of Mean+ SBfsllues of Minimum Inhibitory Concentration (MIC) of following

20. o . 88
antibiotics for S. aureusisolates.
21 Analysis of significance level of variance of Minimam Inhibitory Concentration (MIC) of antibiotics by Bonferroni test for 89
' S. aureusisolates.
22 Detection of MRSA, VRSA,B-lactamase production and ESBL activity amongds. aureusisolates. 91
23. Detection ofmecA (MRSA) and blaZ (p-lactamase) gene amon§. aureusisolates. 92
24 Codon-based Test of Neutrality for multiple alignmet analysis between sequences of present study witiference 08
' sequences of NCBI database.
o5 Staphylococcus aureus typing on the basis of overall distribution ofrep patterns (repetitive element sequence-based PCR) 99
' among isolates.
26. GroupWise distribution of rep patterns (repetitive element sequence-based PCRhang isolates. 100-101
27. Detection of Adherence factor associated genes$naureusisolates from various sources. 103
28. Detection of Antiphagocytosis (Capsule) factor assiated genes amon®. aureusisolates. 105
29 GroupWise distribution of coa gene amongS. aureus isolates in the present study including its RFLP gtterns with Alul 106-107
' enzyme.
30 Staphylococcus aureus typing on the basis of overall distribution ofcoa gene RFLP patterns among isolates in the present 107-108
' study.
31. Cluster analysis ofS. aureus on the basis oftoa RFLP patterns by Dice and UPGMA method. 108
32 Detection and distribution of aur gene and its RFLP patterns amoné. aureusisolates. 110
33 Codon-based Test of Neutrality for analysis betweeaur sequences in present study. 117
34 Codon-based Test of Neutrality for multiple alignmat analysis between sequences of present study wrdference 131
' sequences of NCBI database.
35 Detection of Immune evasion factor associated genasiongsS. aureus isolates. 132
36. Detection ofspa-1g gene (Immune evasion) variability amongs. aureus isolates in the present study. 133
37. Detection ofspa-X gene (Immune evasion) variability among. aureusisolates in the present study. 134-135
38. Staphylococcus aureus typing on the basis of overall distribution ofspa- X gene patterns among isolates in the present study. 135




Codon-based Test of Neutrality for analysis betweegpa-X sequences of present study.

39. 139
Codon-based Test of Neutrality for multiple alignmat analysis between sequences of present study wreference

40. 147
sequences of NCBI database.

41 Detection of Staphylokinase factor associated geaeongsS. aureus isolates. 147

42. Detection of Toxin factor associated genes B aureusisolates. 153

43. Virulotypes of the Staphylococcus aureus isolates. 159




LIST OF FIGURES

Fig. No. TITLE

1. 23r RNA based species specific genotypic confirmati of S. aureusisolates

2. Staphylococcus aureus isolates growth on Nutrient Agar

3. 3A and 3B: S. aureusisolatesgrowth on Mannitol Salt Agar

4. Coagulation reaction ofS. aureusisolate

5. Slime Production in S. aureusisolates growth on Congo Red Agar

6. Haemolysis pattern ofS. aureusisolates on sheep blood agar

7. Titration of beta () toxin hemolysin produced byS. aureus isolates.

8. Titration of delta (0) hemolysin toxin produced byS. aureusisolates

9. Antibiotics sensitivity patterns of S. aureusisolates.

10. Hierarchical ascendant cluster analysis of antibidt sensitivity pattern of S. aureusisolates using Squared Euclidean Distance (SED) arlde
between-groups linkage method

11. Determination of Minimum Inhibitory Concentration ( MIC) for S. aureusisolate

12. Hierarchical ascendant cluster analysis of Minimuminhibitory Concentration (MIC) for S. aureusisolates using Squared Euclidean Distance
(SED) and the between-groups linkage method.

13. 13A Detection of MRSA by MeReSa Agar base Method
13B: Detection of MRSA by Methicillin Disc Method

14 Detection of-lactamase production amongds. aureusisolates

15 Detection ofmecA gene amongS. aureusisolates

16. Detection ofblaZ (517bp)) andicaD (381bp) genes amon§. aureusisolates by Duplex PCR

17. The sequence analysisiecA gene obtained from present study

18. Phylogenetic tree analysis ainecA gene sequences of the present study

19. Multiple sequence alignment oimecA gene sequences of present study with reference seques of NCBI database

20. Phylogenetic tree analysis ofnecA gene sequences of present study with reference segces of NCBI database

21. Phylogenetic cluster analysis of various rep-patters of S. aureusisolates

22. Various rep-patterns (repetitive element sequencedased PCR) ofS. aureusisolates

23. Detection ofclfA gene amondS. aureusisolates

63



24.

Detection ofclfB, scn and sak genes amongs. aureusisolates by Multiplex PCR

25. Detection oficaA gene amondS. aureus isolates

26. Detection oftrap gene amongds. aureus isolates

27. Detection ofagr genegqagrl, agrll, agrlll , and agrlV) amongS. aureusisolates by Multiplex PCR

28. Detection ofcap5K and cap8K genes amongp. aureus isolates by Duplex PCR

29. Detection ofcoa gene amongdS. aureus isolates

30. Distribution of coa-RFLP patterns amongsS. aureusisolates

31. Phylogenetic cluster analysis of various ceRFLP patterns of S. aureusisolates

32. Detection ofaur gene amongdS. aureus isolates

33. Distribution of aur-RFLP patterns amongsS. aureus isolates

34. Phylogenetic cluster analysis of various aur-RFLP g@tterns of S. aureusisolates

35. The sequence analysigur gene obtained from present study

36. Phylogenetic tree analysis ofur gene sequences of the present study

37. Multiple sequence alignment ofaur gene sequences of present study with reference segoes of NCBI database
38. Phylogenetic tree analysis ofur gene sequences of present study with reference geqces of NCBI database
39. Detection ofchp gene amondb. aureusisolates

40. Detection ofspa-1gG amongsS. aureusisolates

41. Detection ofspa-X gene amonds. aureusisolates

42. The sequence analysispa-X gene obtained from present study

43. Phylogenetic tree analysis ofpa-X gene sequences of the present study

44. Multiple sequence alignment ofpa-X gene sequences of present study with reference segoes of NCBI database
45, Phylogenetic tree analysis ofpa-X gene sequences of present study with reference geqgces of NCBI database
46. The sequence analysisak gene obtained from present study

47. Phylogenetic tree analysis ofak gene sequences of the present study

48. Multiple sequence alignment okak gene sequences of present study with reference segces of NCBI database
49. Phylogenetic tree analysis ofak gene sequences of present study with reference seqgces of NCBI database
50 Detection ofhla gene amondS. aureusisolates

51. Detection ofhlb gene amongs. aureusisolates

52. Detection ofhld gene amonds. aureusisolates

53. Detection oftst gene amondbs. aureusisolates

64




54.

The sequence analysitst gene obtained from present study

55. Phylogenetic tree analysis dfst gene sequences of the present study
56. Multiple sequence alignment otst gene sequences of present study with reference gsegces of NCBI database
57. Phylogenetic tree analysis ofst gene sequences of present study with reference gegces of NCBI database

65

1. INTRODUCTION




Staphylococcus aureus a spherical gram positive, non-motile, non-spf@mrming, facultative anaerobic firmicute bacteriof family Staphylococcaceadt
commonly resides in the nasal passages, skin andusumembranes of the animal and hunsaaphylococcus aureus the most important pathogen of various clinical
and sub clinical infections in animals and humaris the most notorious for causing bacteremiauiman with high morbidity and mortality as compatedother
organisms. In humans, it may also cause serioestinfis, particularly in persons debilitated byaetic iliness, traumatic injury, burns and immunga@ssion. These
infections include pneumonia, deep abscesses,mogiditis, endocarditis, phlebitis, boils, furunglesyes, impetigo, toxic shock syndrome and metigygnd are often
associated with hospitalized patients rather treaithy individuals in the worldwide communities (@aet al.,1990). This organism also known to cause variety of
suppurative infections, septicemia and toxinosesdemestic animals and birds such as mastitis, uddgetigo, endometritis, pyoderma, cystits, dertigti
botryomycosis of mammary gland, arthritis, scirfhgord, bumble foot and tick pyaemia (Naber, 2009).

Staphylococcus aurets unique with many typical phenotypic charactarssas rigid cell due to high content of teicha@id helping in tolerance to drying, high
salt and sucrose concentration enabling it to gabw temperature range of 15 td@5%and at sodium chloride concentrations as high586. They grow in grape
bunches clusters, pairs and occasionally in sh@ins that grow by aerobic respiration or by fertagan that yields principally lactic acid. Howeyéne organisn®.
aureuswas named so because of production of golden wmadocolonies but production of variable pigmevits pale yellow, mustard and white by this organisas h
also been reported (Jonsson and Wadstrom, 1998h&h2011). The organism also shows variations in fetatemn reactions, coagulase activity, haemolytittquas,
DNase activity, thermostable nuclease phenomeimae giroduction and biofilm formation (Yadat al., 2015a). Likewise, variations in other phenotypioperties
have also been reported by many workers.

Because of its phenotypic variations molecularhoés for its identification are preferred and olldbdNA-based techniques have been found most eviean
typing the isolates (Tenovet al, 1994). The molecular typing approaches have bepaorted to be of great advantages in identiffind monitoring the local and
international spread of its strains (Diepal, 2003). The identification of strain is also immt to confirm the epidemiological relationshipsamg them (Aarestruget
al., 1995). Various PCR based detection systems developed foIS. aureusdentification but were not found sufficiently iadble to detect all strains &. aureus.
Later, Strauket al (1999) developed a PCR system that relied orponger pair targeted against 23S rRNA-based spagiesific probe, allowing specific detection of
all strains of species. The target sequence 233\nR&E chosen because it fulfilled the requiremémihylogenetic marker with highest reliability. Bhinethod is now
being used extensively by many workers throughloitvtorld for genotypic identification and confirrmat of S. aureudrom various clinical and subclinical infections
(Salasieet al, 2004; Upadhyagt al, 2010a; Khichaet al, 2012; Yada\et al.,2015a).

Staphylococcus aurewstrains were reported with variations in their geroso it is necessary to differentiate epidemicyepidemic and comparison &f
aureusstrains from human and animal staphylococcal iidast At present, several molecular typing systames available to monitos. aureusinfections and to
establish their epidemiological relationship. Tdeadl system for the typing &. aureusstrains should be easy, rapid, reliable, highcdminatory, and reproducible.
Amplification of repeat DNA sequences found in prgkéic chromosomes, seemingly random distributiérsuch repeats allows complementary oligonucleotide
primers to generate DNA fragment patterns thatspezific for individual strains. his general methiody is referred to as repetitive element sequdrased PCR or
rep-PCR. The rep-PCR was proven to be a highlyrichgtating and rapid screening molecular typing moelt to classify variety of staphylococcal infecgoftel
Vecchioet al.,1995; van der Zeet al.,1999; Reinoset al.,2007).
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Staphylococcus aureyzoduces a variety of extracellular, intracelludard cell wall associated virulence facteis. adherence factors, antiphagocytic factor
(capsule), exoenzymes, immune evasion factor, phegyan activator factor (staphylokinase) and teearetory system. These factors are involved irotiganism’s
pathogenesis, invading the host, diseases caugattbevasion of host defense system by facilitait@chment, colonization, cell-cell interactioimsmune evasion and
tissue damage (O’'Riordan and Lee, 2004; Sinethal, 2008; Momtazt al, 2010). It is also proved that there is certailationship between severity of infections and
the virulence factors possessed / produced byrtiensm (Akinederet al, 2001).

Bacterial chromosomal DNA, bacteriophage DNA, plasmor transposons may encode expression of abiowtence factors. These factors may also be
influenced by bacterial cell density and hostlthestatus or many environmental factors such pd, oxygen and carbon dioxide. Snaureusfunctions of
virulence factors are regulated through variousulegry systems. Those regulatory systems can bieledi into two broad categories: two-component align
transduction systems and global transcriptionaliledgrs (Cheung and Zhang 2002; Cheengl., 2004). The best-studied two-component regulatgsgesn is the
accessory gene regulator systeagr) (Gilot et al., 2002). Theagr locus regulates more than 70 genes inojud?@ virulence genes (Ziebarettal.,2004). It
contains two divergent promoters, P2 (RNA II) ar®i(RNA 1ll). The P2 promoter drives transcriptiamf an auto-inducing signal transduction medwhich is
composed of four genesgrBDCA and these genes can be further classifiedagtagroups égrl, agrll, agrlll and agrlV). The P3 promoter activation produces a
regulatory RNA called RNAIII (TRAP-Target of RNAHActivating Protein governed blyap gene). This is the effector molecule of the syséswoded outside afgr
locus. It is also observed that TRAP has role inlghnce and up regulation of thgr locus to produce RNA 1l (Gilatt al.,2002).

The agr system is a quorum-sensing system, a signalingrsy®r communication of bacteria to support adhege colonization, growth and survivability of
bacteria with adequate virulence. It has been wported thatagr system also up-regulates the transcription ofageréxtracellular toxins, biofilm formation and
antibiotic resistance so it is necessary to sthdyariations irmgr groups andrap gene (Keller and Surette 2006; Boles and Hors24(8).

Adherence is considered a critical first step inghthogenesis of any pathog&taphylococcus aurelsynthesizes two broad categories of adhesins yamel
microbial surface components recognizing adhesiatrimmolecules (MSCRAMMSs) and secreted expandeeéiteire adhesive molecules (SERAMSs) (Clarke and
Foster 2006). MSCRAMM s are covalently bound to pleptidoglycan and function in helping bacteria adhe different host extracellular matrices sucltalfagen,
fibrinogen and fibronectin. This group of adhedimdude clumping factorGlfA and CIfB) with other collagen and fibronectin-binding priois. Clumping factors are
thought to play a significant role in pathogenedisround, foreign body infections and bovine m&st{iGtepharet al, 2001). It has been shown thadtA mutant is
less virulent than the wild type isogenicistréFoster and Hook, 1998). Since, antibodiesiregiclfA enhanced the protection against infection providedapsular
polysaccharides thus it has been also reportedtastal vaccine candidate (Tuchschetral, 2008).

The second group of adhesins (SERAMSs) is bountdaell wall with inter-cellular adhesion molecdl¢lfCAM-1) on the endothelial cell surface and it
T cell function (Chavaki®t al., 2005). These inter-cellular adhesion moleculedAW-1)/ ica operon govern capability d. aureusto attach the surface of the
biomaterial and consequently to form a mucoidhiafiBiofilms are complex bacterial populations thet surface-attached and enclosed in a polysadeharatrix,
composed of poly-N-acetylglucosamine (PNAG). Thentbiofilm and slime are often used interchangeésipmendoliaet al., 1999; Arciolaet al., 2001; Fitzpatrick
et al., 2005). Among théca genes, thécaA gene encodes N-acetylglucosaminyl transferaseetiagme involved in the synthesis of N-acetylglaome oligomers
from UDP-N-acetylglucosamine (Arciolet al., 2001). FurtherjcaD has been reported to play a critical role in theximal expression of N-acetylglucosaminyl
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transferase, leading to the phenotypic expressidheocapsular polysaccharide (Gerdeal., 1998). Thus, it is necessary to study adherenopepties ofS. aureus
through clumping factorc{fA andclfB) andica genes.

Phagocytosis is an important process of host defaystem but bacterial pathogen especi8llyaureushas developed many strategies to escape from
phagocytosis. Capsular polysaccharides (CP) pradog8. aureusre not only considered to be important virulerazdrs as antiphagocytic but also important factors
in the survival of bacteria in neutrophils durirgtlpogenesis of staphylococcal infections. Of th&€€Pltypes, majority of the human and animal statodci produces
CP5 and CP8. Through in-vitro experiments, it hasrnbrecorded that mice immunized with antibodie€R& or CP8 had significantly reduced tissue bidtburden
four days after intra-mammary challenge with enalgiedS. aureusstrains. Similarly, other studies have also shdwat &ntibodies to capsular polysaccharides have
some protective efficacies for preventing infectiom experimental animal (Fatt@nt al, 1996; Tuchschewt al, 2008). The variable occurrenceaaibK andcapmBK
genes has been reported from different geograpregiabns while they did not observe any polymorphis capbK andcaBK genes (Sordeliet al, 2000; Salasiat
al., 2004; Upadhyagt al, 2010a; Khichar and Kataria, 2014). Since ¢hp genes are highly conserved and the capsular malyaades have got limited antigenic
specificity thus the capsular polysaccharides GREGPS8 offer promise as target antigens for a wactti prevent staphylococcal infections (O’'Riordad Lee, 2004).

Staphylococcus aureusecrete various exoenzymes such as staphylocoagaaseolysin, V8 protease, hyaluronate lyasesdipand staphopain which are
implicated in pathogenesis of disease. Out of tleesymes, staphylocoagulase and aureolysin areriamtovirulent exoenzyme to trigger staphylocodoéctions.
Coagulase is a collagen binding protein encodeddaygene which is extracellular protein, binds to prombin to form a complex called staphylothrombiine
protease activity of the thrombin complex is adih resulting in the conversion of fibrinogen itarih. This is suggested to lead to disseminatibstaphylococci into
deeper and more remote tissues (Guggenbetgar, 2012). Coagulase is produced by almost all ddinisolates oS. aureughus classification based @oagene has
been considered to be an simple and accurate methadolecular typing (Goht al., 1992; da Silva and da Silva, 2005). Simo& gene has distinct molecular
polymorphism patterns thus it is an important toolepidemiological investigation &. aureudrom varied geographical regions and source ofciides (Sanjivet al.,
2008; Upadhyat al.,2010b; Yadat al.,2015b).

The aureolysin Aur), member of the thermolysin family, is an extradal and zinc dependent metalloprotease. This reezgromote the detachment of
bacterial cells from colonized sites and facilittte spread of infection in the host system androles host defense molecules via cleaving the pdaproteinase
inhibitors, a 1-antichymotrypsin, a 1-proteinashiliitor and by inactivation of antimicrobial peptgl It may also affect the stimulation of T andyBybhocytes by
polyclonal activators and display inhibitory actywagainst immunoglobulin production by lymphocy{8sbatt al.,2000).

The metalloprotease aureolysin encodedbrygene, cloned and sequenced analysis of this gaealed two allelic forms (types | and Il). Mangearchers
demonstrated thatur gene occurred in two allelic forms was stronglyseErved among human and animal isolateS.adureusand suggested that this protease may
have important housekeeping functions and also imapertant role in virulence &. aureugSabatt al.,2000; Takeuchét al.,2002; Zdzaliket al.,2012).

Staphylococcus aureusas several proteins that can have a profoundresgipn impact on the innate and adaptive immus&esy, staphylococcal protein A
(SpaA encoded bgpagene is one of them. The gene encoding proteispd {s composed of some functionally distinct regidig& Fc binding regionspa-1gG and
X region gpa-X at C terminus, a sequence required for cell attdichment and impairs opsonisation by serumptement and phagocytosis by polymorphonuclear
leukocytes (Gao and Stewart, 2004). The repetregion X of thespagene includes a variable number of 24-bp rep@dis.number and sequence of individual
repeats may differ among strains (Freeawl.,1994; Kuzmeet al.,2005). It has also been proved that more thamseapeats in the X-region tended to be epidemic or
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more virulent while the presence of less than segpaats is a non-epidemic or less virulenaureusstrain (Frenagt al.,1994; van Belkunet al.,1995; Khichaet al.,
2012; Yadawet al.,2015c).

DNA sequence analysis of the staphylococcal pradegene variable repeat regiospéatyping) provides a rapid and accurate method $orithinateS. aureus
isolates from those deemed epidemiologically utedlalt also accurately reflects variation occurrihgpbughout the entire chromosome, enabling itsinsglobal
population studies and as a simple and rapid wagssigning strains to phylogenetic lineages anragireugKoreenet al., 2004). Staphylococcus auredsas also
other immune evasion specific proteins such as ywiagiccal complement inhibitor (SCIN), chemotaxisibitory protein ofS. aureugCHIPS) and staphylokinase
(SAK). Staphylococcal complement inhibitor is a @hvertase inhibitor, which blocks the formation@8b on the surface of the bacterium inhibiting ptement
activation and governed bscn gene. Chemotaxis inhibitory protein ischp gene governing, chemotaxis inhibitory proteinSfaureusthat inhibits activation of
neutrophils (Bieret al.,2011).

Staphylokinase is a 16-kd extracellular proteinregped by most of the strains $f aureus ohuman origin. It forms complex with human plasmieing
promoting its activation to plasmin. Staphylokingsetein governed bgak gene, mediates proteolytic activity $n aureusnfected skin, facilitates local spreading,
increases tissue damage of skin and reduces lzdlerarance by the host (Kwiecingkial., 2010). Thesakgene has a highly conserved sequence with an iexgor
function in immune evasion, such as complementbitdry factors and enterotoxins. Staphylokinase whewn to enhance the breaching of tissue bairers
vitro (Peetermanst al., 2014).Staphylococcus aurewstrains showed host specificity with more presesfcak chp andscngenes in human strains while strains from
veterinary sources commonly lack these genes (8uab, 2008; Stastkovat al.,2011).

Staphylococcus aureysoduces several different exoproteins, includirgtexins such as haemolysins, (3, v, d), enterotoxins, superantigens (toxic shock
syndrome toxin-1/ TSST-1) and leukocidins, etangsortant virulence determinants (Dingstsal, 2000). Haemolysins are cytolytic pore formingitsxto a variety of
host cells that not only lyse cells, but also afker host immune response such as inducing casiggemdent and caspase-independent apoptosis (Bawdiiwicki,
2008). Alpha-haemolysirh(a gene), the best characterized pore-forming exofdgia heptameric protein of 34 kd monomer .dizeorms pores in the cell membranes
and causes lysis of erythrocytes, mast cells amarihocytes of different animal species, particylaabbit (Haslingeet al.,2003).

Beta-haemolysin (encoded hib gene) is less well investigated than other stajgndcal haemolysins and exotoxins, probably beckunses rarely been found
to be produced by human and animal isolateS. afureusand its role in pathogenesis is not yet clear. élmw, interestingly majority of isolates 8f aureusassociated
with bovine mastitis and chronic skin infectiong dreta-haemolytic (Anderson, 1983). Beta-haemolisia 39kd protein exotoxin enzyme, having ‘Mdependent
sphingomyelinase C activity to degrade sphingomyéii cell membranes of erythrocytes, leukocytesyrores and other tissue cells (Gow and Robinson9;196
Bernheimeret al.,1974).

Delta haemolysin (encodddd gene) is a 26 amino-acid peptide capable of cgusiambrane damage in a variety of mammalian cBi#dta haemolysin
produced by most 08. aureusstrains with wide range of cytotoxic effects andivac against erythrocyted many animal species and acted synergisticallyn wi
staphylococcal beta-haemolysin against sheep ecyttes (Pengt al.,1988).

Superantigens dB. aureusare a class of protein toxins that can eansnspecific T-lymphocyte activation and massiykine release. These include
several enterotoxins (SEs), toxic shock toxin-1§T&), and exfoliative toxins (ETs). Toxic shockito (tst gene) is a pyrogenic toxin superantigen (PTSAms) f
described by Todeét al. (1978) causing severe acute illness in young aildvhich is characterized by fever, rash, hypotenanultiple-organ-system dysfunction,
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lethal shock, and desquamation in the host (FraseérProft 2008). Toxic shock syndrome toxin (TS$Tahy also act as superantigen for cells of thénmoimmune
system. The super antigenic toxins seem to indoreunosuppression in dairy animals that promoteptrsistence of bacteria in cattle and contributehmnic
mastitis (Farahmand-Azat al.,2013).

Staphylococcus aurels naturally susceptible to virtually every antitic that has ever been developed but it is vetpnimus also, for its ability to become
resistant to various antibiotics. It acquired aidnobial resistance because of multifactorial reasothat include the widespread, huge and inap@tepuse of
antimicrobials, the extensive use of these agentg@vth enhancers in animal feed and with theee®e in regional and international travel, thetiradaease with which
antimicrobial-resistant bacteria cross geograplaiciérs (Lowy, 2003). As rapidly as new antibiot@se introduced, staphylococci have developed netfigient
mechanisms to neutralize them. Resistance mechsusstaphylococci include enzymatic inactivatidrihe antibiotic (penicillinase and aminoglycosimedification
enzymes), alteration of the target with decreadfidity for the antibiotic (penicillin-binding pra&in 2a of methicillin-resistan. aureusand D-Ala-D-Lac of
peptidoglycan precursors of vancomycin-resistamairst), trapping of the antibiotic (vancomycin ataptomycin) and efflux pumps (fluoroquinolones &gttacycline).
Complex genetic arrays (staphylococcal chromosaasdettenecelements or theanA operon) have been acquired ®yaureughrough horizontal gene transfer, while
resistance to other antibiotics, including sometled most recent ones (e.g., fluoroquinolones, bheézand daptomycin) have developed through speuas
chromosomal and plasmid mutations and antibiotstpe selection (Lowy, 2003; Pantostial.,2007).

In the series of resistance developmé&ntaureushowed resistance towards penicillin by the prédnof a specific enzyme called penicillinageldctamase)
encodedby #laZ gene often located in plasmid. This is an extiatzel enzyme hydrolyzing thg-lactam ring off-lactam antibiotics (penicillin) (Lowy, 2003). Only
after two years of this, first case of MRSA (meiliit resistantS. aureuys was reported. MRSA strains acquired resistanc®Bi2a (penicillin binding protein 2a)
through blocking the proteins responsible for thastruction and maintenance of the bacterial call. ’WBP2a protein is encoded mecAgene, which is the hallmark
of MRSA. As opposed to the penicillinase gemecAdoes not reside on a plasmid but on the chromoseméedded in a large mobile genetic element called
staphylococcal chromosome cassette me8CCmec The presence of PBP2a means MRSA is not onlgteadi to methicillin but also to afi-lactam antibiotics,
including synthetic penicillins, cephalosporins &adbapenems (Pantosti and Venditti, 2009).

Vancomycin was identified as first line of drug toeatment of MRSA thus unfortunately use of vangoimwas dramatically increased not only &raureus
infections but also for other infections which résd in emergence of vancomycin resistance amortebal population. Vancomycin resista®t aureugVRSA)
strains acquire resistance by conjugal transfen@fvanA operonvanAgene) from other bacterial population also (Loorabal.,2010). Establishment of MRSA and
the emergence of VRSA has great concern because #re not only resistant to methicillin but alsovencomycin, monobactams and cephalosporins throug
production of ESBL (Extended-spectrum beta-lact@siasAntibiotic resistance, the overuse of antibfoincreased healthcare costs and sepsis-relagtisdwarrants
exploration of the phenotypic and genotypic vaoiasi of resistance amoigg aureusstrains obtained from human and animal infections.

Looking towards the importance &. aureusin causation of various ailments in man and arsmtdeir confirmatory diagnosis, variations in gteains in
regards to virulence factors such as adherenceor&ctantiphagocytic factor (capsule), exoenzymesmnune evasion factor, plasminogen activator factor
(staphylokinase) and toxin secretory system andn#&rbbial resistance shown towards various antitso the present study was undertaken with thiviahg
objectives:

i. Isolation and identification ddtaphylococcus auretiom various clinical and non-clinical settinggdaheir genotypic confirmation.
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ii. Phenotypic characterization of obtained isolatesé@mgulase production, slime production, haemolytoperties and toxin assays.
iii. Antibiogram study ofS. aureusisolates including screening for Methicillin-Reaist S. aureus(MRSA), Vancomycin-Resistar. aureus(VRSA), beta
lactamase and Extended Spectrum Beta-Lactamasd_jpS@iucers.
iv. To study genotypic variations amo8gaureussolates in relation to following virulence factors
a) AdherencedlfA, clfB, icaA, icaD, agandtrap gene)
b) Antiphagocytosisdap5kandcap8kgene)
C) Exoenzymesdoaandaur gene)
d) Immune evasionspa, chpandscn
e) Toxins fla, hib, hidandtstgene)

2. REVIEW OF LITERATURE

Staphylococcus aurewgas first discovered by Alexander Ogoston in [E8&0’s from post-operative wound sepsis. In 188&jais namedbtaphylococcuéthe
clusters of grape-like organisms), after the gneekd ‘Staphylé meaning bunch of grapes antbtcu$ meaning granules. The species nameréus originated from
the Latin wordaurum’ which refers to the golden colour produced bydiganism when grown on solid media (Howard and K]d®87).

Staphylococcus aureuwd Staphylococcaceaamily forms a large yellow colony on rich medium. Thd eelll is rigid due to high contents of teichoidchend
confers tolerance to drying, high salt and sucrm®ecentrationStaphylococcus aureis often coagulase positive and haemolytic on dblagar. Staphylococci are
facultative anaerobes that grow by aerobic respimabr by fermentation that yields principally lectacid. The bacteria are catalase-positive andiase-
negative Staphylococcus auregsn grow at a temperature range of 15 t&4&nd at sodium chloride concentrations as higtbés (Jonsson and Wadstrom, 1993).

Infectious diseases are a leading cause of moykaahiti mortality in human and domestic animals,gbgrincurring loss of life and production. Althoygh
aureusis present as commensal on the skin and nasophafyhe human and animal body, this bacteriunmis of the most prevalent and contagious pathogemgm
the various causative agents of infectious disefisesar et al., 2011). It is commonly associated with various aiftsviz. superficial skin infections, pneumonia,
mastitis, meningitis, urinary tract infections, weal infections, arthritis, osteomyelitis, food smiing, toxic shock syndrome, scalded skin syndra@andocarditis and
toxinosis (Barg and Harris, 1997; Lowy, 2003; Herfdlsonet al, 2007).Staphylococcus aurewmuses pyogenic abscesses by infecting breaclwedustt mucous
membrane by trauma or surgery. Sif®eaureussecretes various toxins and exoenzyems, it iscaged with septicemia through the lymphatic ch#sme blood
(Projan and Novick, 1997). In Human, it causesdtiock syndrome characterized by fever, rashrtdiaa and inability to maintain proper haemostdsisevere
cases, the disease may progress further involvirlgpte organs, desquamation of skin over the eriwdy and death in some instances (Tetdal.,1978). In swine, it
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causes osteomyelitis and meningitis. In canings @ssociated with pyoderma, otitis externa ardany tract infections. In equine, it causes suppive lesions,
abscesses and arthritis. In bovines and caprirgeait important pathogen causing subclinical dimical mastitis (Quinret al.,2000).

Mastitis is an inflammation of mammary gland tissudich is caused by number of bacterial pathodmnsS. aureuss the most important and the most
common etiological agent. It causes chronic ang defection in mammary glands, which is very difficto treat (Hassaet al., 2010). Mastitis is responsible for
reduced milk production, decline in milk qualityycaincreased labour cost (Beekal., 1992).Staphylococcus aureus not only recognized as most important mastitis
associated pathogen which cause huge economicltssiee dairy industry worldwide but also a sesipublic health threat due to its ability to cauadous diseases
and to acquire antimicrobial resistance (Taveebal.,2007; Kavithaet al.,2009).

The ability of this organism to cause diseasekasght to depend in part on three major activitijesolonization of mucosal and skin surfaces weitimcomitant
surface immune evasion, ii) production of cytolgsthat target large humbers of host cells locallyadditional immune evasion and also nutrient &itipn, and iii)
production of super-antigens that become systemitiaduce body-wide immune evasion (Lowy, 1998; Mu@ick et al., 2001). Development of multiple drug
resistant strains and emergence of new pathogensodndiscriminate use of antimicrobials over Igayiods is a constant threat and danger of incrgapread of
infectious diseases of zoonotic importance andrerzldiseases are still a global concern (Maneledil., 1995; Kuhn, 2002).

Thus, the present work was undertaken with thectiligs of isolation and phenotypic characterizatdrs. aureudsolates from various clinical and non-
clinical settingsviz. mastitic milk of cattle, buffalo and goat, clinicehmples from human, camel, dog, sheep, horse igndng meat samples in terms of cultural
characteristics, biochemical properties, coagupasduction, haemolytic properties, assay of beth daita-toxins, slime production, antibiotic rearste pattern with
beta-lactamase, extended-spectrum beta-lactantaS&4), MRSA and VRSA strains and associated geyemtypic confirmation based on species specifie IRNA
gene and molecular typing &. aureusisolates withrep PCR. Genetic differentiation of isolates on thesibaof some virulence factorgz. adherence factors,
antiphagocytic factor (capsule), exoenzymes, imnewvasion factor, plasminogen activator factor (syggkinase) and toxin secretory system associatee s

The literature available 0B. aureuselated to above cited parameters have been rediewder following heads and subheads:

1. Staphylococcus aureus isolation and genotypic confirmation
2. Phenotypic characterization ofS. aureus:
a. Cultural and biochemical properties: (Pigmentatdannitol fermentation, catalase and oxidase prtiduo)c
Coagulase production
Slime production
Haemolytic properties and Toxin assays
Antibiotic resistance pattern and MIC determination
f. Beta-lactamaséb(aZ gene), ESBL, MRSAiecAgene) and VRSA activity
3. Molecular typing of S. aureus with Repetitive sequence-based PCRep PCR)
4. Genotypic characterization ofS. aureus in relation to following virulence associated gerse
a. AdherencedlfA, clfB, icaA, icaD, agandtrap gene)

®cooo
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Antiphagocytosisqap5Kandcap8Kgene)
Exoenzymesdoaandaur gene)

Immune evasionspa-X, spa-IgG, chpndscngene)
Plasminogen activator/ Staphylokinasakgene)
Toxins (la, hlb, hidandtst gene)

~®ooo0CT

1. Staphylococcus aureus isolation and genotypic confirmation:

Brakstadet al (1992) developed a PCR assay specificSioaureusased omucgene coding for the staphylococcal thermonucleadenss found suitable for
diagnostic purposes.

Tenoveret al (1994) also used traditional (antibiogram, baeofdrage, biotyping, immunoblotting) and moleculgpibhg methods (insertion sequence typing,
multilocus enzyme electrophoresis, restriction gsialof plasmid DNA, pulse field or field inversigel electrophoresis, restriction analysis of P@il#ied coagulase
gene sequences, RFLP typing and ribotyping) fob58ureussolates at eight different institutions. In thsiudies they recorded that overall, the DNA basetriique
and immune-blotting were most effective but no krigchnique was superior to other.

van Belkumet al (1995) carried out a multicenter evaluation obifarily  primed-polymerase chain reactiofAP-PCR) in 7 different laboratories for
typing of S. aureusstrains with a standardized protocol using tenep2A isolated in a single institution, and a conmset of three primers with different resolving
powers in order to study reproducibility and disgriatory ability. Though difference in resolutiorasvobtained in different laboratories, but that mid hamper the
epidemiological correct clustering of related stsaiThey found AP-PCR well suited for genetic asialand monitoring of nosocomial spreading of syigaiocci.

Pentucelet al. (1996) used PFGE with genomic DNA of S5aureusubspaureusstrains of different origins by usirgma. They recorded 30-100% levels of
similarity, which was considered characteristictitit species. Within this range of similarity vadug. aureudntra-species groups were identified whose levéls o
similarity ranged from 65 to 100%. They also foidokb Smd fragment in allS. aureus subsp. aurecisaracteristic of the speci&s aureus.

The method of ribotyping with specific-primers tatigg 23S rRNA gene was developed $oraureusy Straubet al. (1999) where a PCR product of 1250-bp
size was found to be species-specific for this migya. This method achieved a high degree of segitgiind unambiguity as required for the detectibicontaminants
in food starter preparations. The method permitigtection ofStaphylococcus aureuss preparations of meat starter cultures contgi§taphylococcus carnosegher
alone or in combination with lactobacilli, pediocgand/or Kocuria varians. Detection limits wetdfigiently low to show within 12 h the presenceldf(0) CFU ofS.
aureusin starter preparations containing 10(10) CF$otarnosus

Diepet al. (2003) developed a low cost strain-typing techaigased on restriction fragment analysis of séa@rused in multi locus sequence typing (MLST)
for the strain characterization 8f aureus.In this technique sequence variation in the ML®Ude keeping gene loci were detected by restridtagment analysis
rather than sequencing.

From bovine sub-clinical mastitis 3% aureudsolates were identified by Salagtal (2004) through amplification of 23S rRNA gene dfie to S. aureus
wherein they obtained a species specific amplidd260bp. Presently this method of identificatierbeing used by many of the laboratories.
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Mork et al. (2005) carried out PFGE of 905 epidemiologicalfyelatedS. aureudsolates from bovine, ovine and caprine mastéwvered from 588 herds in
12 counties in Norway. Their results suggested d@hstnall number of closely related genotypes aspamsible for a great proportion 8f aureusmastitis cases and
these genotypes exhibited little or no host prefeeeamong these species.

The investigation of 4. aureussolated from milk samples of clinical and subidal mastitic cows from 40 different farms reveatbdt S. aureuswere
uniformly positive for the gene segment encodirspecies specific part of the 23S rRNA (El-Sagedl.,2006).

Sequences for 23S rRNA gene enabled evaluatidreddpecificity of 39 previous and four newly desijpemers specific for bacteria. This study of Henal.
(2006) incorporated data from large-scale sequgrediforts to develop new and evaluate existingdraain-specific 23S rRNA PCR amplification primers.

Sanjivet al.(2008) carried out genotypic confirmation®faureusrom bovine mastitis using PCR techniques andinbthamplified product of 1250bp.

Milk samples were collected from 98 cows with sirichl mastitis. A total of 65 coagulase-positiS8taphylococcussolates were identified by phenotypical
assays. Further, among the 65 staphylococcal élai were identified &taphylococcus aureursy PCR amplification of the 23S rDNA fragment spscspecific to
S. aureugCoelhoet al.,2009).

Out of the total 60 mastitic milk samples collecbgdkumar (2009), 47 were from clinical cases aBdvere from sub clinical cases of buffalo mastitidk. All
these were confirmed by three different primers, ISF) and Sta Il (R) primers, Sau 327 (F) and 5245 (R) and Staur 4(F) and Staur 6(R), sounc®d Forsmaret
al. (1997), Riffonet al. (2001) and Strauét al. (1999) respectively. Out of the 36 mastitic miloyples that reacted with Sta | & Sta Il primerssainples yielded two
PCR products of 190bp and 200bp, and 15 samplé&eygi¢hree PCR products of 190bp, 200bp and 300kwointensity. But when all these 36 mastitic sd@s were
further tested for their reactivity in PCR wish aureusspecific primer sets Sau 327 and Sau 1645 and 8tand Staur 6, only 21 samples reacted positivihe
remaining 15 samples didn't react with either @& $h aureuspecific primer sets, even though they were fourgitive for staphylococcus species in PCR.

All the 43 S. aureudsolates of the bovine mastitc milk were identfiey the PCR method using specific oligonucleopdener encoding for 23S rRNA @&.
aureuswhich yielded an amplification product of 1250h&anderiet al, 2009).

Molecular assessment 8f aureusrom milk and dairy workers was carried out by Abeéml. (2010) using multiplex PCR assay including 16S rRMAch
revealed a successful amplified product in 49.61%h&2.6% of tested samples, respectively.

A total of 100 milk samples were collected from ihtligenous cattle, 18 H. F cross cattle and 41 Mangoats with mastitis for isolation &. aureus.
Staphylococcus aurewsas isolated in 10 samples from indigenous cg2#e39%) and in 10 samples from cross-bred H.Hecé6.55%) with overall recovery &.
aureusfrom cattle to the tune of 33.89%. In Marwari go&taphylococcus aurewgas isolated in 10 samples (24.39%) (Upadtetagl.,2010b).

In the study of Momtazt al. (2010), 86 isolates (23.88%) out of 360 sampleslioical and subclinical bovine mastitis were domed asS. aureusthe
existence of 1250bp fragment in samples showediy®$CR assay with species-specific 23srRNA geagniient.

Proiettiet al. (2010) confirmed a total of 178. aureussolates from 1257 quarter milk samples colledteth 320 cows suffering from subclinical mastififie
isolates were genotypically identified by targetsyecies-specific gene encoding the 23S rRNA. Atiyet al. (2011) isolated 15. aureussolates from foods of
animal origin from various cities and all were domid with species-specific primers of 23S rRNAgen
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ThirteenS. aureugsolates obtained from 47 mastitc milk samples dF Eross cattle and 15 isolates were recovered Bamastitc milk samples of Rathi cattle
were identified with species specific primers setshe basis of 23S rRNA gene segment. The sam@es collected from various localities of Bikanegion (Khichar
et al.,2012).

Suleimanet al. (2012) reported 103. aureudrom 339 quarter milk samples of 136 cows. Thecigseof the 20 strains were confirmed by PCR argpliion
usingS. aureusspecie-specific primers derived from the 23S rDaifd epidemiological relationships of the strainsensgtudied by macro-restriction analysis of their
chromosomal DNA using pulse field gel electrophimréBFGE). Among the 28. aureusstrains identified, PFGE revealed an identical Dp&tern for 18 strains while
two strains differed in two bands.

Out of total 22 pus samples collected from skieatibns and chronic wound of camels in and arobadikaner city 15 isolates & aureusvere obtained and
confirmed with species specific primers based P&RBS rRNA gene (Rathore and Kataria, 2012).

Yanget al. (2012) identified 3%. aureudsolates from bovine clinical mastitis by conventl methods and by PCR technology. The oligontidegrimers
targeted to species-specific parts of the geneding@3 S rRNA produced amplicons of 1250bp irttedl isolates.

Fifteen isolates (10.6%) were identified&saureudrom studied 141 samples collected from animal lamthan clinical infection. The isolates were cangéd
asS. aureusvith species-specific primers on the basis of @mption of the extracellular thermostable nuckegsic gene (Abd El-Hamid and Bendary, 2013).

Nathawatet al. (2013) determined the prevalenceSfaureusn mastitic goats. From a total of 71 mastitic krélamples 27 isolates were obtained with a
recovery rate of 38.03%. All the isolates were ggpically confirmed on the basis of 23S rRNA riboityg.

Sharmaet al. (2013) studied 46 nasal discharge samples fromarpaeric camels@amelus dromedaridisand obtained 15 isolates with 32.6% recoveryhi t
organism. All the 15 isolates obtained and idestifivere genotypically confirmed on the basis of-28S rRNA spacer region with a species-specific lamip of
420bp.

Castelaniet al. (2013) carried out molecular typing of mastitisisiagS. aureussolated from heifers and cows. Strains were tggifthrough pulsed-field gel
electrophoresis (PFGE) and grouped accordingpdtterns of restriction enzyn@&ma.

For the purpose of identification 8f aureusstrains from mastitic milk samples, species spepifimer pair Staur4 (5-ACG GAGTTACAAAGGACGAC-3)
and Staur6 (BAGCTCAGCCTTAACGAGTAC-3) was used for the partial amplification of theS2RNA gene by Vazquet al. (2013) and found that the positi%e
aureuswere confirmed with an amplicon size of 1270bp.

Yadavet al. (2015a) isolated and confirmed 32 (16 of eacHecatid buffalo)S. aureugsolates from 89 mastitic milk samples (41 wemafrcattle and 48 were
from buffalo) on the basis of specific-primers &tigg 23S rRNA gene.

2. Phenotypic characterization ofStaphylococcus aureus:
A. Cultural and biochemical properties:

The most of the strains &. aureussolated from skin lesion of camels produced golglellow or white colonies on milk salt agar andriant agar (Arzo,
1973).

In a study Cousinet al (1980) found that 72% of ti# aureussolates recovered from cows with suspected nmstitabolized mannitol aerobically.
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Garciaet al. (1980) observed that neither mannitol fermentation production of other enzymes appeared to hgeaific property of boviné&taphylococcus
aureusstrains and also revealed that a total of 43 @ strains o8. aureugermented glucose anaerobically but three stragre weak producers of acid (pH 5.8 to
6.0).

Mannitol fermentation was favored as a primary mnglortant criterion in identification of th®. aureugPennellet al, 1984). A total of 314 clinical and non-
clinical isolates of the gen&aphylococcugere tested for coagulase production and glucoderamnnitol fermentation by Adekeye (1984).

Chatterjeeet al. (1990) analyzed coagulase positiveaureussolates from cattle and found 48.8%, 12.4% and%lproduced golden yellow, yellow and white
colonies, respectively.

Quinnet al (2000) reported difference in colony pigmentaidis. aureusrom cattle, human and other domestic animals.

The cultural, biochemical and hemolytic propertiesre used by Annemulleat al (1999) to identify 255. aureudsolates from bovine subclinical mastitis at
five locations in one region of Germany.

Ajuwape and Aregbesola (2001) reported that alllib@ isolates 0§. aureugrom nasal swab samples of rabbits were manrétohénter within 8-24 h.

In a study on phenotypic properties@faureussolated from bovine sub-clinical mastitis Salastial (2004) detected three types of pigments (oraygjégw
and pale yellow) produced &. aureusSimilarly, Qureshi and Kataria (2012) also repdra variation in the colony pigmentation&faureusrom skin wounds in
camel as golden yellow, yellow and white colonies.

Staphyloxanthin is membrane bound carotenoid resplenfor golden yellow pigmentation, which wasdad by Clauditzet al. (2006). In their study, they
found that staphyloxanthin scavenges free radaadsprobably protect lipid and DNA in the cell. Jrguggested that staphyloxanthin can be regardedoasogical
antioxidant against hydrogen peroxide and hydr¢@y) radical and might be used as therapeutic radimalenger to combat oxidative stress.

Mannitol fermentation was recorded with all the 23aureusrom mastitic milk samples obtained from buffalaasl cows by Arshadt al. (2006). Singh
(2006), Sanjiv (2006) and Upadhyay (2009) repothted 100% isolates were mannitol fermenter obtaiinech cattle subclinical mastitis, cattle clinigalstitis and
from mastitis of cattle and goats, respectively.

In a study by Islanet al. (2007), 28 coagulase positi& aureudsolates were found to be produce three distymmtg of colony pigments on nutrient agar
golden yellow (46.4%), yellow (39.3%) and white @%).

Sanjiv et al. (2008) characterized 21 isolates of bovine magtiii& origin, of which 20 produced round, smoothdaglistening colonies with golden yellow
pigmentation on nutrient agar whereas one colorg/wizite in colour.

El-Jakeeet al. (2008) characterized 78 isolatesSofaureusbtained from 409 samples of human and animakesusnd found that 100% isolates were mannitol
fermenter. In colony characteristics, they repotteat five isolates were white, 23 creamy and 50ewgolden yellow pigmented. Upadhyay (2009) charéddS.
aureusisolates from cattle (20) and goat (10) sufferingnf clinical mastitis and found all the isolates pimduce smooth, round colonies with golden yellow
pigmentation.

Biochemical characterization & aureusstrains isolated from pus samples of human sanwydascarried out by Chakrabory al. (2011) in which they found
all the isolates to ferment mannitol.

Makwanaet al.(2012) concluded that sensitivity of mannitol fentaion test is more as compared to coagulaséotestentification ofS. aureus
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Qureshi and Kataria (2012) characterizeds4@ureugrom camel wound samples and recorded 15 isolatpsaduce golden yellow, 24 to produce yellow and
one to produce white colony.

The yellow to orange colour @&. aureuds one of the classical criteria for identificatiohthe species. However, the pigmentatiorSofiureuds not a very
stable character (Swst al., 2012). They observed th&t aureudn bio-film pattern was nearly colourless aBdaureuggrown in anaerobic and aerobic patterns was
colourless and yellow, respectively.

The applicability of mannitol salt agar was tesfed 69 and 47 phenotypically different colonies $if aureusobtained from bulk milk and teat apices by
Visscheret al.(2013). They recovery of separate colonies of @S much more convenient on MSA compared to a etettve blood agar.

Sharmeet al (2013) reported 100% mannitol fermentati@eaureug15) isolates obtained from 46 nasal swabs froeupronic camels.

B. Coagulase production

The plasma of several animals were examined fdalsility in coagulase test by Or#t al. (1971). The coagulase-reacting factor (CRF) aaiwviof the
different sera had following relative concentraiasf CRF: human > pig > rabbit > horse > bovindckdn, and lamb. Human, pig, and rabbit sera haxt)@ate
amounts of CRF for coagulase testing.

A tandem coagulase/thermonuclease agar plate médhdde identification ofS. aureuswvas developed by Boothimt al. (1979) wherein rabbit plasma was
used in detecting the coagulase reaction on sghd plates. Th&. aureusolonies were transferred to coagulase test dgamplates were incubated at 37°C for 18 h,
and the coagulase reaction was recorded. The platesthen heated at 65°C for 2.5 h, overlaid withidine blue-metachromatic diffusion agar, andn@ubated at
37°C for 3 h, and the thermonuclease reaction wasrded. Their experiments demonstrated 100% agreebetween the tandem agar plate method and sthnda
coagulase and thermonuclease tests. They furthghasized that tandem agar plate method was rapi¢@mvenient approach contributing to the iderdifen of S.
aureus.

Of the 354 isolates tested by Penmlhl. (1984), 156 were identified & aureudy the three agglutination tests and by the 4h2ht tube coagulase tests.
Discrepancies between agglutination and tube caagutlentifications were resolved by use of thentlbauclease, mannitol fermentation and slide caesgutests.

Jaspeket al (1985) isolate®. aureugrom cows and found that 1-2% of the organismsmdidproduce tube coagulase.

Adesiyun and Shehu (1985) evaluated effect of ®suotS. aureusand plasmas, concentration of plasmas, temperatwreluration of incubation on coagulase
test results. Witls. aureusstrains of food origin, the value of plasmas inesrdf superiority was Human and Rabbit > Pig > Dgnk Chicken > Cattle > Duck > Goat
> Dog. Regardless of the source of staphylococtsenplasma was found unsuitable in coagulase $egt@otted spontaneously. The temperature andtidur of
incubation and type of anticoagulant had no sigaiit effect on coagulase test results.

The slide coagulase and tube coagulase using rallalsina correctly identified 115 (97.5%) and 119.196), respectively, of th8. aureudsolates. The tube
was incubated in a water bath at 37°C and examafied 4 and 24 h and formation of clot at eitheadiag was recorded as positive (Berke and Tilk8986).
Previously, biochemical, immunological, tube coagel and thermostable nuclease methods had shavablgasensitivity and specificity, but even thouwibe
coagulase method was considered as the specditidreal methods for differentiating. aureusrom coagulase-negative staphylococci (Speees, 1998)
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Qureshiet al. (2002) in a study on coagulase types ofS3@ureussolated from wounds and abscesses in dromedangldaund that isolates coagulated the
plasma from rabbit, human, buffalo, horse, catjtet, camel and sheep in decreasing order of isuer

Boerlin et al. (2003) stated that the coagulase test was nottisenafter 4 h, and acceptable results were obdaordy after 24 h of incubation. The high
specificity and sensitivity of the coagulase tesehaade it a standard method for the identificatio. aureusn milk.

Coagulase production was recorded in all strairfS. @ureudy Hookeyet al (1998). However, El-Jakest al. (2008) studied 78 isolates §f aureusobtained
from 409 samples of human and animal sources gmattesl that the production of coagulases and theutleases were not unique featuresSofiureusbut were
shared by5. intermediuandS. hyicus

Sanjivet al (2008) recorded one isolate which did not prodtaagulase in tube test. In an investigation bydbgay (2009) all the isolates from cattle and goat
were found to produce coagulase enzyme detectéasagéasmas from cattle and human.

In one study Kateetet al (2010) reported that sensitivity and specifiafythe tube coagulase test with human plasma walkenily improved when MSA and
DNase were introduced as a tri-combination testdatine identification of5. aureus

Rubinet al. (2010) compared the utility of dog and rabbit plasn the coagulase test 8r aureussolated from canine (28), bovine (29), and hurtg)) hosts.
Their study revealed that coagulation times wegeiicantly faster for dog (2.38 hr) than rabbitd@ hr) plasma. When coagulation times were contphyeisolate
origin, no significant differences were found fabbit plasma, whereas bovine isolates clotted dagnm significantly faster (1.86 h) than caning2h) or human
(2.38 h) isolates.

The prevalence of coagulase production was recdriguebst by Singlet al. (2011) in Murrah buffalo milk isolates (90.7%) ltaved by isolates of Karan Fries
cattle milk and Sahiwal cattle milk i.e. 88.3% &af813%.

Coagulase is a collagen binding protein encodecblaygene which had been demonstrated to be diredt{ecewith bovine mastitis (Momta al, 2011). In a
study on the comparison of sensitivity of mannf@imentation test with coagulase test for diagno$iS. aureus Makwanaet al (2012) reported that among 100
staphylococcal isolates, the mannitol fermentatest reaction was seen in all 100 isolates whilgitpe tube coagulase test was seen in 94 isolatesy further
concluded that sensitivity of mannitol fermentatteat was more as compared to tube coagulasensh@ mannitol fermentation can be used for diagnofS. aureus
along with coagulase test to improve the sengjtivitcoagulase test. They reported that the seitgitf human plasma was 94%.

Sharmaet al (2013) reported 15 (100%) coagulase produ@n@ureudsolates obtained from 46 nasal swabs from pnewmnmamels. In a comparison of
plasmas for coagulation reaction, human plasmafewasd superior than cattle plasma.

Abd El-Hamid and Bendary (2015) isolated 46 staptytci from 141 human origin samples. Among thésesdlates, 26 were coagulase posiBvaureusand
20 were identified as coagulase negative staphgtoco

Yadavet al.(2015a) also found 32 (100%) coagulase postivaureusrom 89 mastitic milk sample of both cattle andfale. Strongest coagulation reaction
was recorded for human plasma followed by pig, itabbrse, bovine, chicken, and lamb in decreaenaigr.

Khichar and Kataria (2015) characterized 28aureudsolates obtained from 59 mastitis samples of tdoisFriesian crossbred and Rathi cattle. All o th
isolates produced coagulase and the overall ststrgpagulation reaction in regards to early oasdtfirmness of clot was recorded with plasma frabbit followed
by plasma from buffalo, cattle, camel, human, gsla¢ep, dog, horse, chicken and pig in decrgasmder.
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C. Slime (Biofilm) production

Freemanret al (1989) studied two different methods of slimedarction i.e Christensen method and Congo red method. Thetsesubwed that there was
complete agreement between methods in 107 outatbhof 124 test strains. The Congo red method napil, sensitive, and reproducible and had theuatdge that
colonies remained viable on the medium.

Thirty-two of the 35 isolates db. aureudrom bovine mastitis produced slime on Congo rgdrdy showing black color colonies (Vasudeearal, 2003).
Slime production ofS. aureudrom raw milk samples was investigated by Citlkal. (2003) using Congo red agar (CRA) method. Slimedpetion was positive in
5.1% ofS. aureus.

In one study Turkyilmaz and Kaya (2006) found 7%806f the 180 strains of coagulase posit&eaureuso show positive slime production activity while
44.4% coagulase negati%e aureushowed slime production on CRA plate which produgkack colonies with dry crystalline consistency.

There is increasing evidence tt&ataureuscan form biofilms in the udder of cows sufferimgrh mastitis. Biofilms impair the action of bothethost immune
system and antimicrobial agents and allow the giensce of the infection (Melchiet al, 2006).

Yazdaniet al (2006) evaluated the biofilm forming capacitySfaureussolated from wound infections phenotypically byr& production assay on Congo red
agar (CRA) and by microtiter plate assay.

Gundogaret al. (2006) investigated slime production 8y aureusising Congo red agar method wherein they recostiest production in 52.7% @&. aureus.
Arslan and Ozkarde (200W@Jentified 129 S. aureusrom several clinical specimens by the API Staght&n (Biomerieux). Slime production was detecteth by the
conventional Christensen’s method as well as byCibiego red agar method. Seventy-two strains ohgtapocci isolates (38.5%) were found to be slimedpcers by
Christensen’s test tube method whereas 58nsti@1%) were slime positive with Congo radgar method.

The evaluation of modified Congo red agar (MCRA}pdzh on the phenotypic characteristics of 100 méthicesistantS. aureusMRSA) isolated from
different clinical samples was done by Mariatal. (2009), in which MCRA was optimized to get strdsigck pigment in all colonies of MRSA isolates witbnstant
pigmentation at 48 h incubation and then for 2-yisdat room temperature. A black color interpretegasitive biofilm producing strains in contrastiwied colonies
which interpreted as negative biofilm producing.

Some of theS. aureusstrains exhibit the ability of producing a viscogidracellular polysaccharides layer (Slime) whicbrpotes bacterial adhesion on to
mammary epithelial cells and protects bacteria fropsonization and phagocytodisis extracellular layer of polysaccharides is édexed a virulence factor.
Dhanawadeet al. (2010) investigated biofilm production 8. aureusby employing different methods. Of the 102 straiested, 48.03% were detected as biofilm
producers by Congo red agar method, 36.27% byrhéihod and 29.41% by tissue culture plate method.

The slime production by 46. aureusstrains isolated from auricular infection was assd on CRA plates by Zmantitr al. (2010) who found 26 strains
(56.5%) to be slime producers developing almostkbta very black colonies while other 20 straingeweon-producers developing red or bordeaux codonie

Khanet al. (2011) evaluated biofilm formation . aureusand its role in treatment of MRSA infections. @fit262 clinical strains tested, 38 (14.51%) were
found to be strong biofilm producers, 132 (50.38&%)moderate biofilm producers and 92 (35.11%)rs&tras non-producers by tissue culture plate metBidiim
production was high in methicillin resistant stsaas compared to methicillin sensitive strain§ oureus
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Singhet al. (2011) observed slime production in 346 isolateS.caureusrom Sahiwal (107), Karan fries cattle (128) andrih buffalo (111) suffering from
intramammary infections. They recorded 65.4%, 83a6fth 81.4% slime producer isolates in Sahiwal, Kdirias cattle and Murrah buffalo respectively.

The ability of biofilm formation byS. aureudsolates was tested using two phenotypic methoatsgo red plate assay and spectrophotometric ritrergiiate
assay. Out of these, microtitre plate assay wasdi@o be more efficient. Most of the isolates, 132/ (57.6 %) were classified as biofilm producezpahding on the
value of absorbance in the microtitre plate tezt&laet al.,2012).

Congo red agar assay (CRA), semi quantitative adicer assay and microbial adhesion to solvent (MAES) were used by Bekat al. (2012) to study
gualitative and quantitative biofilm formation I8/ aureusstrains. Twenty one strains (51.2%) were slimeadpcers on CRA and 19 strains were slime producer on
polystyrene plates.

Growth properties 08. aureusn biofilm formed on polystyrene plate was studigdSunet al. (2012). They recorded th&t aureusell in biofilm was nearly
colorless because it produced less staphyloxanthia cells existed in a poorly acidic environménirther, they found that the organic acid accuredldlyS. aureusn
biofilm growth pattern included acetate, isobutgrasovalirate, lactate and butyrate especiallyaeeand lactate.

Melo et al. (2013) carried out congo red agar for slime préidadn 94S. aureusstrains obtained from cows with subclinical masfitom two farms in the state
of Sao Paulo wherein they recorded 85% of the sl produce slime.

A total of 40S.aureuswere isolated from raw calf minced meat, chickamukticks, raw milk, ice cream and white cheesepdasrby Gundogast al. (2013)
wherein they recorded a high proportion of isoldteming slime (80%) and biofilm (70%).

Ozpinar and Gumussoy (2013) studied®Jaureudsolates and found 37 (60.65%) isolates were lbiofiroducers and Ebrahimt al. (2014) also reported 41
(83.7%) ofisolates were biofilm producers from 61 human wounfielctions.

Yadavet al. (2015a) studied 33. aureussolates from milk of cattle and buffalo with abal mastitis and found that 31 (96.87%) isolateseaslime producer
with characteristic black color colonies on congd agar.

Fabres-Kleiret al. (2015) studied 5&. aureusstrains obtained from cows with subclinical mastiSlime was detected using the Congo Red agafA) @t in
35.18% (19/54) of the strains; however, 87.04%54) 6f the strains were considered biofilm-posithased on crystal violet staining.

Barbieriet al. (2015) studied breast peri-implant infections aag4d3S. aureussolates. All were producing biofilm in microtitygate assays and Congo Red
Agar (CRA) plate method with characteristic browad colonies while Castelaat al. (2015) studied 118.aureusisolates from mammary gland secretions of heifers
and cows with mastitis and only 55.5% of all isetaproduced a biofilm on Congo red agar.

Two hundred fifteers. aureusstrains were collected from human and dairy comfisctions and approximately 70% of the isolatesdpced biofilm. Among
these, 59.3% were producers of weakly adherenilrbofvhile 34.8% and 5.8% produced moderate amhgtbiofilms, respectively (Khoramiaat al.,2015).

D. Haemolytic properties and Toxin assay

Production of haemolysins is another importantnpitypic property ofS. aureussolates. Different workers have examiredaureudsolated from variety of
sources and found variations in the productionasrholysin which is greatly affected by the enviremtal conditionsStaphylococcus aureysoduces three types of
haemolysins namely, B andd designated in order of their discovery (Elek aedy, 1950).
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The delta haemolysin had an injurious effect onemidriety of cell cultures and leucocytes (Jackaod Little, 1957). The delta haemolysin producedsSby
aureuswas identified as a polypeptide consisting of fidentical subunits each weighing 1Xi8antoret al, 1972).

The beta toxin is a protein with a molecular weiginiging from 1.2x1Dto 5.9x16 (Chesbro and Kucic, 1971) and is a “Hot-cold” habsin (Wiseman,
1975).

In a study by Garciat al. (1980) only four of the 57 cultures failed to puod any of the hemolysins. Delta-hemolysip Was produced by 47 strains, beta-
hemolysin ) by 45 strains and alpha-hemolysi) (vas produced by 30 strains. The hemolysin patByand most frequently werep-6 (25 strains)p-0 (14 strains)
andod (6 strains).

Two hundred and three isolates were confirme8.asureusrom cow milk by Jaspertal. (1985) and the results of the testsdoor a-p toxin, tube coagulase
and hemolytic toxin tests were each positive f&3¥ the isolates tested.

The bovine mammary isolates 8f aureusvere examined by Kenrst al (1992) for production ofi-hemolysin and they found 94% of the isolates pasiby
an assay which consisted of a dot immune-blotéahriique employing bacterial culture supernatadtraouse monoclonal antibody specific éehemolysin.

Fifty eightS. aureusstrains isolated by Matsunaggal. (1993) from bovine mastitic milk were examined tioeir virulence associated factors. The posititesa
of the total isolates for various haemolysin wesdallows: alpha-haemolysin (74.1%), beta-haemaly8b.5%) and delta-haemolysin (12.1%).

Beta-toxin had property of damaging bovine mamns&gretary epithelial cells by increasing the damggiffect ofa- toxin, increased adherence®faureus
to mammary epithelial cell and proliferation®faureugCifrian et al, 1996).

Bedidi-Madaniet al. (1998) studied coagulase negative strainS.odureudrom goat milk and recorded haemolysis on bloodr ghdate asi-haemolysin -
haemolysin and-haemolysin by 56.9%, 75.1% and 76.3% isolatepeaesvely.

The phenotypic expression of haemolysins and teegnce of genes encoding alpha- and beta-haemolgsia determined in 10S. aureussolates from
bovine mastitis by Aarestrugt al. (1999). Alpha-haemolysin was expressed phenotypibgl 39 (37%) of the bovine isolates apdhaemolysin was expressed by 76
(72%). Phenotypic expression@haemolysin was shown by 75% of isolates whichiedithe gene encodirfighaemolysin.

A total of 319S. aureussolates obtained from 15 dairy herds in Israeleastudied for their haemolytic properties on blagdr by Younist al. (2000). They
recorded majority (62.7%) of the isolates to be-haamolytic,a- andp- haemolysis was shown by 23.2f6,haemolysis by 12.5% and haemolysis by only 1.6% of
the isolates.

Salasiaet al. (2004) subjected 3S. aureussolates to haemolysin production test by cultovaion sheep blood agar plates. Complete haemaohbassobserved
for 7 isolates, partial haemolysis for 10 isolatéf, haemolysins for seven isolates @nchaemolysin for one isolate whereas 10 of theatssl were recorded as non-
haemolytic.

Forty sixS. aureusof camel origin were characterized by Solanki @0®@herein he demonstrated that 21 isolates shasatplete haemolysis, 13 isolates
exhibited incomplete haemolysis and 12 isolatesndidshow any haemolysis on blood agar and notleeoBolates showed both types of haemolysis. ®n tdration,
it was recorded that 33.33% isolates wgitexin producer, 26.66% produced baethandp-, 23.33% produced all the three toxins, 6.66% pcedd- toxin, 3.33%
producedx- only, 3.33% produced combinationffando- toxin whereas 3.33% did not produce any toxin.
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Out of the total 228&. aureusstrains from goat mastitic milk studied by da 8i al. (2005), 80% were detected to produce haemolytigigcof which 76.7%
produced alpha-hemolysin, 74.4% beta-hemolysin&d@% produced delta-hemolysin, either alone @ombination.

Out of 28 coagulase positi aureudrom cattle 25 (86.3%) produced partial haemolyisidicating their ability to producg-haemolysin toxin (Islanet al.,
2007). El-Jakeest al. (2008) studied 78 isolates 8f aureusobtained from 409 samples of human and animalroggd found 70 isolates to be haemolytic and eight
non haemolytic.

In a study by Sanjiet al. (2008) of the 21 isolates 20 were revealed to ywedotha- andp-haemolysin and one isolate to prod@etxin only. TheB-toxin
producing isolates did not give coagulation reaciiotube test and was further confirmed as coagulgene deficient strain.

Coelhoet al.(2009) studied 28. aureusof bovine mastitic milk origin for the haemolyfcoperties wherein they found that only nine itedavere haemolytic
with seven of them producing both complete andgdraemolysis and two producing only partial habsis.

In an investigation Ebrahimi and Taheri, (2009)orded hemolytic activity, out of eigl8. aureusisolates where five strains producedp/d and three
producedo/B hemolysins.

All the 122S. aureussolates from various cow dairy products showeehialysis on blood agar plates. Out of which, 62%hefisolates showgithaemolysis,
36% showed double haemolysis-g), and only two cow isolates showed complete hagsio(Morandiet al.,2009).

Out of the 82S.aureugsolates from cases of acute clinical mastitisattle, Capurret al. (2010) found that, p or a haemolysins was found in 66% or 34% of
the isolates, respectively.

Twenty one of the isolates (14 from cattle, sevemfgoats) were streaked on 5% sheep bold agaalbisdlates produced complete haemolysis, threduared
partial haemolysis (two from cattle and one fromatjoand six isolates (four from cattle and twarrgoats) produced both haemolysis (Upadhyay andrka®2010).

Of the 129 isolates complete haemolysis was exdlly 56 (43.4%), partial by 43 (33.11%) wherea$22948%) isolates did not show any haemolysis @Van
et al, 2011).

In a study Salasiat al. (2011) recorded types of haemolysis $yaureuson the sheep blood agar plate and observed campéholysis by two isolates
(18.18%), partial haemolysis by three isolatesd2%) and no hemolysis by six isolates (54.55%).

Of the 60S. aureussolates from bovine mastitic milk, 33 were foulmgemolytic of which 20, 11 and two isolates showethplete, partial and both type
haemolysis, respectively (Hussa&nal.,2012).

Bautista-Truijilloet al. (2012) observed that the use of culture media aoadbwith coagulase activity and haemolysis as rsdaxy tests improved accuracy of
the identification of thé&. aureusrom bovine mastitis.

Staphylococcus aurewspreads on the surface of soft agar, and thisgghenon is termed as “colony spreading” activity.d@et al. (2012) purified hemolysin
(hld-toxin), a major protein secreted 8y aureusas a compound that inhibits colony spreading. Alttalisrupted mutant’s culture lowers the colony sgieg activity
by 30 folds. Further, it had higher colony-spregdability than the parent strain. These resultggestgd thaS. aureusnegatively regulates colony spreading by
secreting hemolysin.

Qureshi and Kataria (2012) obtained @0aureussolates from skin wound infections of camel aadarted that 16 isolates showed complete haempli/&is
showed incomplete and 13 exhibited both types efrfwysis on sheep blood agar.
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Graberet al., (2013) reported that all clinical isolat&s aureusshowing complete, incomplete or double hemolydidlesnon-hemolytic strains db. aureus
showed very low prevalence (0—2%) and suggestedrtiggt be good indicator of virulence.

The identification of ADAM10 as a proteinaceaaseptor for the alpha toxin provides a great@regiation and opportunity to more extengiverobe
and understand the role aftoxin in modulation of the complex interactiofS. aureugvith its human host (Berube and Wardenburg, 2013).

Gundogaret al.(2013) observed that out of &) aureudsolates from different sources such as raw cahtpraw milk, ice cream and white cheese samples
only 16 (40%) possessed haemolytic activity.

Sharmaet al (2013) reported all the 15 isolates obtained fdBmasal swabs from pneumonic camels showed hemmay sheep blood agar. Among these,
only 12 isolates were partial haemolysis of whiotrrfisolates later showed hot-cold lysis whereeeetiisolated were complete haemolysis.

Ebrahimiet al. (2014) studied 40 isolates (87%) %f aureusrom 61 human wound infections and reported tha@t(40.8%), 20 (40.8%), 6 (12.25) and 6
(12.25%) ofS. aureussolates were positives for B, 0 and combinedf-hemolysin productions, respectively.

Helal et al. (2015) isolated 75. aureusrom examined 100 samples of human and animallifgpeow and sheep) source. All isolates were tbtm be
hemolytic with presence tiflg gene.

Khichar and Kataria (2015) recorded that of theS28ureudsolates from cattle mastitis, 15 produced incat@lhaemolysis which turned into complete
haemolysis when the plates were further incubatddCaovernight (Hot-cold lysis) and 13 showed compiztee surrounded by incomplete zone of haemolysis.

Yadavet al. (2015d) investigated 33. aureussolates from milk of cattle and buffalo with altal mastitis for haemolytic reactions on sheemdlagar which
revealed five (15.62%) isolates to show completntaysis, 20 (62.50%) to show partial haemolysiay {12.50%) isolates to show both complete antigb@nd three
(9.37%) isolates did not show any haemolysis.

Quantitative assays

A high tendency of production @ftoxin with a titre of 1:640 to 1:1280 was recordgdArzo (1973) followed by-toxin, whereas the production &toxin was
found negligible.

Mittal (1997) characterize8. aureugsolates from milk samples of cows and goats shgwilinical signs of mastitis for quantitative pespies ofa-, f- andd-
toxins. In his studies he recorded that the tigks-, B- andd-haemolysins ranged from less than 1:3 to 1:1280td 1:600 and 1:2 to 1:8, respectively. In a gtud
Qureshiet al. (2002) found that alb. aureussolates from camel produced, 3- andd-toxin either in pure or in combinations and thieetbf a-, - andd-toxin ranged
between 1:20 to 1:640, 1:8 to 1:1920 and 1:5 t0,Idspectively.

Sanjiv and Kataria (2007) also reports titreffetoxin (1:120) fromStaphylococcus aureud cattle mastitis origin. They recorded that oti21 isolates, one
isolate did not produdé-toxin and the titre produced by the rest 20 issatinged widely from 1:5 to 1:120 but any of thuelied isolate did not producéetoxin.

Upadhyay and Kataria (2010) recorded titre[foandd-toxins a-toxins among 30 (20 from cattle and 10 from goashates ofS. aureudrom cattle and goat
the highest titres fgB- andd-toxins was similar (1:160) for cattle as well amagisolates.

In a study by Nathawat (2013), the titresuetbxin recorded were 1:320, 1:1280 and 1:2560 prediby 3, 10 and 18. aureussolates from goat, respectively.
The titre off-toxin produced bys. aureusvasmuch below than that eftoxin, the highest titres being only 1:40.
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Bhati (2013) investigated titres of alpha toxingwoed byS. aureussolates from H-F crossbred cattle as determimgihat rabbit erythrocytes ranged between
1:640, 1:1280, 1:2560 and 1:5120, and were prodhgeazhe, four, nine and two isolates, respectividignce, most of the isolates produced a titre 580. The titres
of B-toxins by the isolates from both the breeds dieatere almost similar and the highest titrespféoxin in S. aureussolates from both the breeds were same being
1:160.

Khichar and Kataria (2015) recorded in his invesimn of 28S. aureussolates obtained from milk collected from matitiolstein-Friesian crossbred (13) and
Rathi (15) cattle that the titre afhaemolysin from H-F isolates ranged between 1011280, whereas for Rathi isolates it rangedvben 1:160 and 1:2560. The
titre of B-haemolysin was much less for isolates both frofa hetween 1:5 and 1:30) and Rathi (between 1:512610) cattle while none of isolate was found talbéta
(d) toxin producing.

Yadavet al. (2015d) reported 33. aureussolates from milk of cattle and buffalo with diial mastitis. All the 32 (100%) isolates from bathttle (16) and
buffalo (16) producedoftoxin, the maximum titre of which was 1: 5120 wéms beta-toxin was produced by 11 (68.75%) cattliates and by seven (43.75%) buffalo
isolates with maximum titre of 1:1280 and 1:24&pextively. Delta toxin was detected to be produmednly five (15.62%) isolates, two from cattledathree from
buffalo.

E. Antibiotic resistance pattern and MIC determination:

Amorenaet al. (1999) reported MIC of slime producir®) aureusobtained from mastitis samples and found 0.031L@0 mg/L, 0.5 mg/L, 1.0 mg/L, 0.25
mg/L and 0.12 mg/L MIC for penicillin, gentamicivancomycin, erythromycin, ciprofloxacin and cefazakspectively.

In an investigation over 10 years (1995 to 2004)efod by Guleet al. (2005), a total of 29.8%, out of the two hundredysfive S. aureusstrains from bovine
clinical mastitic milk isolated from individual amals in different herds (235 herds), were suschkpt all antibiotics tested. The highest resistanas observed in
63.3% of the strains againBtlactam antibiotics, penicillin and ampicillin. Ovegracycline resistance was also observed in 268%e strains, either alone or in
combination with beta-lactams. No resistance wasatied for amoxicillin-clavulanate, oxacillin, efiaxacin and kanamycin-cephalexin. Resistance &gdieta-
lactams increased from 43.5% in 1995 to 58 in 18987% in 2004.

Barcia-Macayet al.(2006) studied pharmacodynamic evaluation of thra@ellular activities of antibiotics agairSt aureugATCC 25923) in a model of THP-
1 macrophages model at pH 7.3 and found MIC 0.3iteig/0.5 mg/liter, 0.015 mg/liter, 0.125 mg/litek.0 mg/liter and 0.125 mg/liter for azithromycgentamicin,
penicillin v, oxacillin, vancomycin and ciprofloxiacrespectively.

In an antibiogram study o8. aureussolates from cattle clinical mastitis against&ttibiotics, Sanjiv and Kataria (2006) recorded tt@ antibiotics in this
study were effective against 90% or more isoladithe isolates were sensitive to gentamicin, elakin, cephalexin and methicillin, 98% isolatesre susceptible to
chloramphenicol, bacitracin, levofloxacin, 96% tflogacin, 94% to ciprofloxacin, streptomycin andongcin, 92% to kanamycin and 90% to cotrimoxazole.
Novobiocin was effective against 85% isolates.@ftbtal isolates 66% were resistant to oxytetiaoy@nd 49% to penicillin.

Staphylococcus aureusolates from mastitic cattle were resistant txatillin (100%) followed by penicillin (87%) andmgicillin (62.5%) and amoxicillin
(60%) as observed by Ebrahigtial. (2007).
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Mohanasoundaram and Lalitha (2008) studied 15@tisslofS. aureusfrom human clinical infections and high resistamaes noted for erythromycin (85%),
tetracycline (82%), gentamicin (88%), norfloxacitDQ%), co-trimoxazole (97%) and ciprofloxacin (97%joderate resistance to rifampicin (21%) and métih
(30.3%) and low rates of resistance to chlorampoériil8%) and ofloxacin (15%). They also determibd€ of oxacillin by break point method as >32 mg/d6-8
mg/ml and <4 mg/ml and isolates were classifietligs (13.3%), moderate (6%) and low level resis{art%), respectively.

Russiet al. (2008) isolated 95%. aureusstrains causing both clinical and subclinical Inevimastitis from 61 dairy farms in Argentina. Mi@mnhibitory
concentrations (MICs) of penicillin, oxacillin, geamicin, erythromycin, enrofloxacin and florfenicgére estimated for all the isolates. The MIC50 BH@90 were as
follows: penicillin, 0.05 and 4 microg/ml; oxaciili 0.25 and 0.25 microg/ml; gentamicin, 0.25 ardrfiicrog/ml; erythromycin 0.125 and 0.25 microg/emrofloxacin
0.25 and 0.5 microg/ml, and florfenicol 4 and 8 ragZml.

In an antibiogram study of 148 food origin isolatdsS. aureusPereiraet al. (2009) recorded that strains were highly resistarieta-lactams, ampicillin and
penicillin. Seventy per cent of the isolates wegistant to beta-lactam antibiotics followed by amip and penicillin (73%) and 38% of the isolatevere resistant to
oxacillin with >or= 6 microg/mL MIC.

The antibiogram observed for 3 aureugsolates (20 from cattle and 10 from goats suffiefrom clinical mastitis) revealed that azithrommywas the most
effective antibiotic against all the isolates frawoth species of animals. Gentamicin, netilmicivoféoxacin, trimethoprim, sparfloxacin, norfloxagibacitracin and
chloramphenicol showed their efficacy in decreasirdgr. The highest resistance (100%) was showartiswcefixime followed by ampicillin (96%), clox#ii (80%),
azlocillin (50%) and vancomycin (40%). No differerwas observed in antibiotic sensitivity or resis@patterns against isolates from cattle and dbjtadhyay and
Kataria 2009).

Among the 128 isolates &. aureusonly 20 were susceptible to all the antibiotisgdiin the study by Kumat al. (2010) and rest were resistant against at least
one antibiotic. The isolates showed higher susle#iptipercent proportion against vancomycin (1@@)owed by pristinomycin (91.4), amoxicillin-clalanate (89.8),
clindamycin (85.9), ciprofloxacin (85.9), ampicill{{®4.4), lincomycin (83.6), cefixime (80.5) and @rgmycin (77.3). The elevated resistance perceringnthe
isolates was observed as tetracycline (36.7), geata (30.5), streptomycin (26.6), kanamycin (258§ penicillin G (22.7). Thirteen isolates showesistance against
methicillin and oxacillin.

Japoniet al. (2010) studied 3565. aureussolates from the hospitalized patients and ddtexdch their MIG, (ug/ml) and MIG, (ug/ml) for oxacillin,
vancomycin, ciprofloxacin, erythromycin and genteimi The values for MI§; (Lg/ml) were 256.0, 2.0, 32.0, 250.0 & 250.0 wiM&C o, (Lg/ml) were >256.0, 4.0,
32.0, >256.0 and 256.0 respectively for mentiondibabtics.

Akindeleet al (2010) studied resistance pattern of B0@ureusstrains obtained from human clinical infectionsl &ound that 90% of isolates were resistant to
ampicillin, 96% to penicillin, 70% to cloxacilli5% to cephalexin, 16% to ceftriaxone, 39% to geiti, 30% to erythromycin, 48% to streptomycina 1o
tetracycline and 34% isolates were resistant torahtphenicol.

Antibiotic resistance 5. aureussolated from mastitic Sahiwal cattle was studigdKumaret al.(2011) who found that 13.1% of the isolates weethigillin
resistant, 36.4% were resistant to streptomycirg%®3o oxytetracycline, 29.9% to gentamicin an®26each to chloramphenicol, pristinomycin and dips@cin.

A total of 115 milk samples from cattle (34.78%i)fflalo (34.78%), goat (17.39%) and sheep (13.04%eweollected from which 25. aureusvere isolated by
Sharmeet al.(2011) and they reported that almost 80-90% ofgbkates showed multiple drug resistance to mgjafithe antimicrobial agents tested such as nadidi
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acid, amoxycillin+ sulbactam, cloxacillin, erythrgain, kanamycin and vancomycin. While several imdawere found susceptible to the ofloxacin, arfipici
tetracycline oxacillin, streptomycin, sulphafurazahd ciprofloxacin.

Kreausukoret al. (2012) studied antibiogram for 3 aureussolates from bulk milk of dairy herd and observkdt all isolates were resistant to oxacillin and
tetracycline. Resistance to clindamycin, erythroimykanamycin, and quinupristin/dalfopristin wagested at high rates in 21 (58.3%), 19 (52.8%)2108%), and 13
(36.1%) isolates, respectively. Resistance toodipxacin was found in 3 isolates (8.3%). Only aselate was resistant to chloramphenicol. All isedawere
susceptible to mupirocin, vancomycin, and linezolid

Hussainet al. (2012) evaluated 23 isolates $f aureudrom mastitis through disk diffusion method fortirotic susceptibility testing and recorded eftigaof
cotrimoxazole (100%), oxytetracycline (95.65%), armilin (86.95%), gentamicin (86.95%), ampicill{i82.60%), ciprofloxacin (82.60%) chloromphenico? &0%),
enrofloxacin (69.56%) and novabiocin (60.86%).

Sixty threeS. aureussolates from bovine mastitic milk showed 100%istsice to penicillin and ampicillin whereas 41lases (65.1%) were resistant to
amoxicillin/clavulanic. No resistance was detedtmdrimethoprim and gentamicin antibiotics (S&f112).

Memonet al. (2012) obtaine®. aureussolates from bovine mastitis and found that 9%&bates were resistant to ampicillin, 59% to oxgeycline and 29% to
methicillin.

Of the 31 isolates, only nine isolates (29%)Sofaureusecovered from foods and food handlers in Spairevseisceptible to all studied antibiotics, and none
were resistant to chloramphenicol, ciprofloxacinxifioxacin, rifampisin, linezolid, vancomycin, tigadine, trimethoprim, or trimethoprim-sulfamethoréz The
resistance of isolates was 61.3% for ampicillinipdim, 6.5% for oxacillin-methicillin, 25.8% foerythromycin, 19.4% for clindamycin, 3.2% for tetyaline, 6.5% for
amikacin-gentamicin-kanamycin-tobramycin, and 19fé#mupirocin (Argudiretal., 2012).

Alian et al. (2012) recorded an antibiogram for 86aureussolates obtained from 348 raw milk samples frmw,csheep and goat by disk diffusion method. All
isolates were susceptible to methicillin, vancomyahloramphenicol and ciprofloxacin and most & tholates (82.6%) were resistant to one or motienamobial
agent while six isolates (13.0%) were resistargingle antibiotic and 16 isolates (34.8%) showesistance to two antibiotics. Multi resistance wis® dound in 34.8%
of S. aureussolates. Maximum resistant was shown against citipi(54.3%), followed by oxacillin (28.3%), tetcycline (26.1%), penicillin G (23.9%), erythromyci
(23.9%), trimethoprim-sulfamethoxazole (17.4%) aaghalotin (2.2%).

The study of Rathore and Kataria (2012) revealaddlid as the most effective antibiotic againsttla¢ 15S. aureussolates from camel skin wounds, followed
by azithromycin and gentamicin against which 93.3@%he isolates were sensitive. Methicillin, lelodacin, rifampicin, ofloxacin and vancomycin wegtective
against 80% of the isolates, azlocillin (73.33%¢ibracin and norfloxacin (60.00%) and rest wess leffective whereas ampicillin, cefexime, metrezme and
nalidixic acid were completely resistant.

Sharmaet al (2013) reported antibiogram for 3 aureusdsolates from 46 nasal swabs from pneumonic caaradsfound that 100% isolates were resistant to
cefepime, cefotaxime, nalidixic acid and penicjl@8.33% to ampicillin, 53.34% to vancomycin, 408®kacillin, 33.33% to rifampicin and 20% isolatesre resistant
to cephalothin. The 100% isolates were sensitivecippofloxacin, carbenicillin, chloramphenicol, gamicin, imipenem and ofloxacin followed by 93.33%
ampicillin/sulbactum co-trimoxazole and nitrofuraimt, 80% to colistin, 60% to clindamycin, neomyeind erythromycin and 53.33% isolates sensitive itmaycline
and tetracycline.
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Bhati et al. (2013) determined the efficacy of 32 differentilaiotics against 3%. aureusgsolates obtained from milk samples from cattléhwgubclinical
mastitis. Six antibiotics, i.e. azithromycin, gentain, chloramphenicol, tobramycin, netillin andongycin were found 100% effective followed by meiitiic and
linezolid (94.74%), cotrimoxazole (92.11%), nitrcdmone (92.10%), enrofloxacin (89.47%), bacitrd8ih.21%) and sparfloxacin, amoxyclav, cefaclor anmebxycillin
(81.58%). The resistance was 71.05% for vancomagnih polymyxin-B, 50% for oxytetracycline, 47.37% #xlocillin and 36.84% for novobiocin whereas xigfie
and metronidazole were completely (100%) ineffectigainst all the isolates.

Lindemanet al. (2013) in North America obtained approximately(alifferent isolates oBtreptococgiS. aureusandE. coli, between 2002 and 2010. The
minimal inhibitory concentrations (MICs) of the hdactam drugs remained low against most of thengyasitive strains tested, and no substantial atsangthe MIC
distributions were seen over time. Howev&raureushowed little change in erythromycin susceptipitiver time.

Gundogaret al. (2013) studied the antibiotic resistance forstGaureudsolates from meat and milk products in Ankaratkey. The isolates were resistant to
penicillin, ampicillin, erythromycin, tetracyclinehloramphenicol and gentamicin in order of 77%8/66380%, 25%, 20% and 17%, respectively but theyevsensitive
to vancomycin and teicoplanin.

Thakeret al. (2013) obtaineds. aureussolates from milk and milk products which showsdhest sensitivity (100%) towards cephalothin trmmoxazole,
cephalexin and methicillin followed by gentamic80%6), ciprofloxacin (80%), oxacillin (70%), streptgcin (60.00 %) and ampicillin (60%). The studyicated that
the high percent db. aureussolates were resistant to Penicillin-G (100%)datd by ampicillin (40%), oxytetracycline and oitit (20%) and gentamicin (10%).

Nathawatet al.(2013) subjecte®. aureussolates from mastitic milk of goat to antibiograstudies by using 32 antibiotics belongingditferent categories
and generations. The results revealed that tlst neffective antibiotics were gentamicin atmbramycin showing 100% susceptibility, followday netillin,
methicillin, cefalexin, chloramphenicol, enroffin, azithromycin and Nitrofurazone in dewtiag order of their efficacy. All isolates reeresistant to
cefixime and metronidazole.

Out of the 61 isolates 8. aureussolated from Erzincan tulum cheeses, 49 were dawsistant to oxacillin, 28 to penicillin, nine taethicillin, eight to
cefoxitin, four to amoxicillin-clavulanic acid amgbne to vancomycin (Ozpinar and Gumussoy, 2013).

Memon et al. (2013) studied 34. aureussolated from bovine subclinical mastitis from tsie China. The recorded resistance to enrofloxaas (3%),
oxacillin (9%), ciprofloxacin (26%), methicillin @%0), chloramphenicol (32%), penicillin G (47%)meathoprim (56%), oxytetracycline (59%), ampicil({@1%) and
(100%) against erythromycin.

Ebrahimi et al. (2014) studied 40 (87%) isolates $f aureusfrom sixty one human wound infections and found ®©g22.5%) isolates were resistant to
oxacillin, 5 (12.5%) to penicillin, 7 (17.5%) to methicillif, (12.5%) to ofloxacin, 3 (7.5%) to ciprofloxach(5%) to erythromycin, 6 (15%) to azithromycirf149%)
to clindamycin and 3 (8%) isolates were resistaiincospectin.

Thirty two S. aureussolates obtained from mastitis of cattle and &loffwere subjected to antibiogram studies usinga@iotics belonging to different
categories and generations. Antibiotics such aydaline, gentamicin, methicillin, netiline, rifangin and tobramycin were 100% effective againstisdlates from
both cattle and buffalo. The maximum resistance &xdmbited against nalidixic, cephalexin, polymiBn cefexime, cephalexin and amoxicillin by isokafeom both
species (Yadaet al.,2015e).
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Sharmeet al. (2015) reported resistance pattern ofR2aureusbtained from 80 samples cdittle and buffalo with clinical as well as subaaial mastitis. Drug
sensitivity revealed 100% resistance against géngifollowed by vancomycin (88.89%), nalidixicidq(77.78%), cefixime, methicillin, novobiocin (&% each),
amoxiclav, colistin, pipemidic acid (55.56% eaobifjpxacin, streptomycin, sulphamethizole (44.44%hgaampicillin/sulbactam, cefalexin, cefazolinfaperazone,
enrofloxacin, floxidin, meropenem (33.33% each) aeefiliroxim, ciprofloxacin, clindamycin, gentamiclayofloxacin, norfloxacin, tetracycline (22.22%cba

Xu et al. (2015) studied 2&. aureugsolates obtained from 209 mastitis milk samplésaw. During study the penicillin resistance whs most frequent
resistance phenotype (82.1%), followed by resigtancstreptomycin (46.4%), kanamycin and tobramy8m 7%), cefoxitin and gentamicin (32.1%), erythy@in
(14.3%), tetracycline (10.7%) and clindamycin (3)6%

Roy et al. (2015) studied antibiotic resistance patterrSofaureusobtained from hospital environment and volunteeosking in the hospitals. The hospital
isolates showed highest resistance was observaasagaythromycin (88.89%) and ampicillin (83.33%)oderate resistance observed against ciprofloX@&8r83%)
and tetracycline (33.33%) and lowest resistance stesvn against streptomycin (11.11%). On the otkerd, volunteer’s isolates were 100% sensitive ragai
ciprofloxacin, erythromycin, tetracycline and stapycin whereas 60% isolates were resistant to ciliipi

F. Beta-lactamaselflaZ gene), ESBL, MRSA (hecA gene) and VRSA activity:

Murakamiet al. (1991) determined MIC broth microdilution assayl ateveloped identification method of Methicillin-gtstant Strains of Staphylococci by
PCR. The breakpoints for susceptibility and resistawere<2 pg/ml and>4 pg/ml for oxacillin and8 pg/ml and>16 pg/ml for methicillin, respectively. Of 98ecA
negativeS. aureussolates, 100% of the strains were methicillincgymible and 98% of the strains were oxacillin spsible. Three strains of 1IthecApositive S.
aureusisolates exhibited almost the same susceptibititp—lactams (resistant to both oxacillin and methitjllas themecAnegative ones and did not produce
detectable amounts of PBP 2' despite the presdribe mecAgene.

MO and Qi-nan (1997) studied 184 strainsSofaureusobtained from human clinical infections for ramidtection of MRSA. A total of 57 of 58 oxacillin-
resistantS. aureusstrains weranecApositive, whereas 3 of 126 oxacillin-susceptilti@ias weremecApositive. Oxacillin MIC is> 4 pg/ml and< 2 pg/ml was
observed for MRSA and MSSA respectively.

In a study Oliveiraet al. (2000) determined minimum inhibitory concentratfon811 strains 08. aureussolated from bovine mastitis in Europe and théén
States. Of the strain tested, 35.6% were positirefflactamse on initial testing, with an additional.Z% positive after induction of penicillin. Thglactam
combinations were very active against $heaureustrains.

Theme® gene was detected in 27.9% (55/197) of the isolkaft& aureusobtained from patients with bloodstream, cathdipr bone or joint, respiratory
tract, ocular, soft tissue, wound, and skin humné&ctions by Bootlet al. (2001).

Lee (2003) studied various types of meat and dinépecimens from cattle, pigs, and chickens fergtesence of methicillin (oxacillin)-resista®t aureus
(MRSA). Among 1,913 specimens collected from thanaits, 421 containe®. aureusof these, 28 containe®d. aureugesistant to concentrations of oxacillin higher
than 2 pg/ml considered phenotypically MRSA. Isedafrom 15 of the 28 specimens were positive by RE€EhemecAgene. Of the 1&necApositive MRSA isolates,
12 were from dairy cows and 3 were from chickenkC i < 2 pg/ml and> 16 pg/ml of vancomycin and oxacillin respectivelyserved in all 1BnecApositive MRSA
isolates.
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Out of 68S. aureusstrains from bovine mastitc milk, 38 isolates @85) werep-lactamase producers. TRdactamase producing isolates were 21.1% resistan
to methicillin, but were 100% susceptible @moxicillin/clavulanic acid and 97.4% suschkietito ampicillin/sulbactam (Turutogét al.,2006).

Arslan and Ozkardes (2007) reported 96 (74.4%)26f & aureusstrains from several clinical specimens were pasior p— lactamase enzyme. However, 78
(81.25%) of 96p-lactamase positiv&. aureusstrains weregi—lactamase positive oxacillin resistar8e aureug ORSA) strains, but none of them had vancomycin
resistance.

Mohanasoundaram and Lalitha (2008) studied 15@tsslofS. aureusrom human clinical infections for MRSA detectibg latex agglutination test (PBP 2a
protein) and specific PCRnecAgene). Out of 150, 34 isolates were found to beSMMRy both methods however, one isolate of MSSAaéad the presence wiecA
gene having the potential to become MRSA in future.

Vindel et al. (2009) isolated 463 isolates 8f aureudrom humansThe 135 MRSA isolates showed resistance to ciprafiiox(93.3%), tobramycin (72.6%),
gentamicin (20.0%), erythromycin (66.7%) and climgain (39.3%). Among the isolates resistant tohexynycin, 27.4% showed the M phenotype. All of ibaates
were susceptible to glycopeptides. Twelve resigtgraiterns were found, of which four accountedéfe#o of the isolates. Two genotypes were observethiofirst
time in Span. SCQGnectype IV accounted for 6.7% of the isolates (70.1%entype 1Va, 23.9% were type IVc, 0.9% were tyy@d,land 5.1% were type 1Vh), and
SCamectype | and SC@ectype Il accounted for 7.4% and 5.2% of the isolatespectively. One isolate was non-typeable.

Russiet al. (2008) isolated 9%. aureusstrains causing both clinical and subclinical Ib@vimastitis from 61 dairy farms in Argentirizeta-lactamase activity
was detected in 89% of 46 penicillin-resistantisga

Coelhoet al.(2009) studied 21 genotypically confirm&daureussolates and their antibiotic resistance pattechfaund that 47% and 25% of strains exhibited
resistance to penicillin and oxacillin respectivelyl oxacillin-resistant isolates weraecAgene positive.

In an antibiogram study on 148 food origin isolatéS. aureudPereiraet al. (2009) recorded that 38% of the isolates were MR&8A resistant to oxacillin but
only 0.68% showed the presenceradcAgene.

Turutoglu et al. (2009) studied 18 phenotypic methicillin resist&taureussolates from bovine mastitis and comparedcAgenes sequence with human
isolates. Out of 18&. aureudsolates (oxacillin MICsz4 pug/ml), 3 were positive fomecAgene. In sequence analysis, all thneecAgenes of these isolates were
identical to that found in human MRSA strains, et one-base substitution at nucleotide posit®n 1 may be concluded that MRSA isolated fromibevmastitis
may be originated from human beings.

Capurroet al. (2010) found beta-lactamase production in 9% efisblates (85. aureussolates) from clinical mastitic milk of dairy cow

Akindeleet al (2010) studied resistance pattern of S0@ureusstrains obtained from human clinical infectionsl &mund that 80% were [3-lactamase producer.
Among the R-Lactamase producing organisms, subdégti to antibiotics was: penicillin (100%), anaplin (96%), erythromycin (82.5%), cephalexili71%)
ceftriaxone (70%), cloxacillin (66%).

Japoniet al. (2010) studied 35&. aureussolates from the hospitalized patients and 2@7, dnd 19 were MSSA, MRSA, and intermediate MRSAis$,
respectively were isolated.

Twenty seven MRSA positive samples were identibigdNordinet al. (2010) based on cultural, biochemical and antibisénsitivity assay. 14 (51.9%) of the
MRSA isolates from blood samples, 9 (33.3%) froacheal aspirate and three (11.1%) isolated wera frasal swabs and pus. Antibiogram analysis oMRSA
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collection resolved these strains into six grougsighated (I-VI). Group I, which was resistantctitrimoxazole, gentamicin, clindamycin and erythyoin, was the
commonest accounting for 40.7% (11/27) of the teslacollected. Group | accounts for 33.3% (9/27}hef isolates and this group was resistant to raotazole,
gentamicin and erythromycin. Group Il accounts 30F% (1/27) of the isolates and this group wasstast to gentamicin, clindamycin and erythromyd&roup IV
accounts for 3.7% (1) of the isolates and this greas resistant to fusidic acid, cotrimoxazolemipicin, gentamicin and erythromycin. Group V actsuor 11.1%
(3/27) of the isolates and this group was resistaritusidic acid, cotrimoxazole, rifampicin, gentaim, clindamycin and erythromycin. Group VI acctaifior 7.4%
(2/27) of the isolates and this group was resigtarifampicin, gentamicin, clindamycin and erythnycin.

Asfour and Darwish (2011) conducted phenotypic genbotypic detection of botimecAandblaZ- genes mediategHlactam resistance in staphylococci isolated
from bovine clinical and subclinical mastitis aralifid that only one and twelve isolates was posftivg- lactamaselaZ gene) while none and five of isolates was
positive for MRSA (necAgene) from clinical and subclinical samples retipely.

Suleimanet al. (2012) developed antibiotic resistance profilas/® MRSA isolated from bovine mastitic milk agaid® antibiotics. They found 26 (35.6%) to
be resistant to oxacillin (ORSA) and 10 other datibs. All the seventy three isolates were susbépto vancomycin and resistant to penicillin, alslo resistant to
more than one antibiotic. PCR was also used tactéte genemecAgene was detected in two (7.6%) of the 26 ORSA thablaZ gene in all the 26 ORSA. The range
of the oxacillin MICs for themecApositive MRSA was between 2.5ug/ml and greatentBpg/ml. While the nonmecAisolates were between 1.25pg/ml and
2.5ug/ml.

Francaet al. (2012) identified antimicrobial resistance patseamd molecular resistance markene@ andblaZ gene) ofStaphylococcuspp. (n=210) obtained
from small ruminant mastitis in Brazil. The isolt@ere most resistant to amoxicillin (50.0%), stoepycin (42.8%), tetracycline (40.4%), lincomyci®9(0%) and
erythromycin (33.8%). Although phenotypic resisero oxacillin was observed in 12.8% of the is@dbat none of the isolate harbored thed gene. However,
45.7% of the isolates harborbZ indicating that beta-lactamase production was rtfe@n mechanism associated with staphylococci teesie to beta-lactam
antibiotics. In addition, the seventy three isdat®4 from goats and 19 from sheep) were negativalf resistance genes tested and 69 isolatesmezstwo or more
resistance genes.

Bagcigil et al. (2012) determined the location of thlaZ gene in thes. aureussolates obtained from bovine clinical and sulicih mastitis in Finland and
Sweden. Out of 147 isolates 78 beta-lactamaseiym#iblates were identified with positiidaZ gene. Based on the southern blotting,lile& gene was found to be
located on the chromosome in 27 isolates and ampdis in 51 isolates. Of the 27 isolates with closomally locatedblaZz, 12 (44.4%) were from clinical mastitis and
15 (55.6%) from subclinical mastitis. Of the 51l&es with plasmid-locatelaz, 19 (37.3%) were from clinical and 32 (62.7%) freabclinical mastitis. The location
of blaz did not significantly differ between isolates frafifferent type of mastitis (clinical vs. subcliai} (p = 0.629).

Memonet al. (2013) studied 3&. aureugsolated from bovine subclinical mastitis from tais China and recorded 9% resistance to oxaitlith 29% against
methicillin. However high resistance rate againethitillin was found but no isolate was positive filecAgene, wheredslaZ gene was detected in 82% isolates.

Schaumburget al. (2014) analyzed 151 chicken meat samples, 3%e&#mples were found contaminated with ESBL prodpuSi aureusbut none of the
isolate carried MRSA as confirmed by the absenaaaifAgene.

Gomezet al. (2014) studied 13S. aureusn faecal samples from 101 wild small mammals &mand that two isolates were methicillin-resist&nt
aureus(MRSA) and 11 were methicillin-susceptil8e aureugMSSA). Both MRSA isolates harboured thecCgene and the novblaZ gene.
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Ebrahimiet al. (2014) studied 40 isolates (87%)®faureugrom sixty one human wound infections and founq28.6%) isolates to bglactamase producers.

Abd El-Hamid and Bendary (2015) studied the antibisusceptibility patterns of 133 identifi&l aureussolates of various clinical infections, which ealed
that over 70% of the isolates were multi-drug tesis(MDR). Fifty MDR isolates were characterizesing antibiotyping anthecAgene typing methods. Amplification
of mecAgene confirmed 30 strains as methicillin-resisgraureugfMRSA) and 20 as methicillin-sensiti& aureugMSSA).

Breveset al. (2015)studied antimicrobial susceptibility profile 8f aureuson surfaces of medical articles and in professsofiam two basic health units and
found that among the 35. aureus31.42% were methicillin resistant (MRSA), and%.8ere vancomycin resistant, characterized as VFa/AhermecAgene was
detected in 30.6% of studied strains.

Sharmeet al. (2015) reported resistance pattern ofSR2aureubtained from 80 samples of cattle and buffaldwiltnical as well as sub-clinical mastitis. Drug
sensitivity revealed that 18 isolates were metlvieiesistant while nine were methicillin-suscepgibSimilarly, 24S. aureudsolates were intermediate to vancomycin
while three were vancomycin susceptible and natsalas resistant to vancomycin.

Out of 323 isolateds. aureudrom human clinical samples from different hosigit®7 strains were found to be Methicillin Regi$td. aureugMRSA) by
Debnath and Chikkaswamy (2015). They also repaifteti MRSA were 100% resistant to oxacillin, 90%igstst to ampicillin, 84.5% to penicillin-G, 76.2%
erythromycin, 71% to cephalexin, 59.79% to cipreéloin, 40.2% to co-trimoxazole, 28.87% to vancomyand 7.22% resistant to linezolid.

Morcillo et al. (2015) obtained 256 MRSA isolates from swine sam@nd five MRSA isolates from pig worker samplBEse antibiotic resistant pattern
analysis revealed that 39 isolates were resistaohé antibiotic, 71 isolates were resistant to amntbiotics and 96 isolates were resistant toetlmemore antibiotics.
Resistance levels to various antimicrobial for MRBAlates measured was as follows: gentamicin (n388%), tobramycin (n=101, 39.4%), levofloxacir=84,
13.3%), erythromycin (n=86, 33.6%), clindamycin 189, 50.4%), nitrofurantoin (n=1, 0.5%) and trinmihim-sulfomethoxazole (n=99, 38.7%). MRSA isolatenm
humans showed similar antibiotic resistance pattethose isolated from pigs, excepting for erythyoin.

Roy et al. (2015) obtained 12S. aureussolates from the hospital and 45 isolates froettand swab of volunteer’s working in the hospitalnd vancomycin
resistance pattern. In hospital none of the isalate resistant to vancomycin, only 11.11% isolatese intermediates but 20% isolates from volunteen® resistant to
vancomycin.

Wadekaret al. (2015) obtained 35. aureussolates from 100 pus samples from patients witlormic osteomyelitis and detected 40% isolates BSM Most of
them were sensitive to vancomycin 14(100%), lineizb#(100%), amikacin 11(78.5%) and cotrimoxozde070%).

Xu et al. (2015) studied 28%. aureussolates obtained from 209 mastitis milk samplesaw. During study the most prevalent antibiotsistance gene was
blaZ conferring the resistance to 23 (82.1%) isoaftékywed bymecAto 10 (35.7%) isolates.

3. Molecular typing of S. aureus with Repetitive sequence-based PCR (rep-PCR):

The high degree of genetic relatedness betBeenireustrains has proven to be an obstacle to usingnebacteriological methods for epidemiologic as@y
Various methods have been used to morfitoaureusepidemiology such as phage typing, serotypingtepmeelectrophoresis, esterase electrophoresisutapyping,
plasmid profiling, plasmid restriction fragment atis, restriction fragment length polymorphism (RIFlof genomic DNA, riboprobing of southern blots RFLP
agarose gels, pulsed-field gel electrophoresis afonestriction fragments, random amplified polymacddNA analysis, PCR amplification of a variableioegof the
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staphylocoagulase gene along with restriction endease analysis of the resulting amplicons andtegge governing genes analysis (Costaal., 1989; Gohet al.,
1992; Prevostet al.,1992; Saulnieret al.,1993).

A multiple copies of repetitive DNA sequences apatimuously dispersed in naturally occurring baategenomes. Although the exact functions of these
repetitive sequences remain unknown, their occoerésm very valuable for DNA fingerprinting of bagte In REP-PCR, primers complementary to thoseramtersed
repetitive consensus DNA sequences are used tafaA fragments between repetitive elements (@ilet al., 1984). Three families of repetitive sequences: the
35-40-bp repetitive extragenic palindromic (RERjussce, the 124-127-bp enterobacterial repetititergenic consensus (ERIC) sequence, and the 1R
element sequences (Stetal, 1984; Lupski and Weinstock, 1992; Koeethal, 1995), have frequently been used in REP-PCR as$ayg corresponding protocols are
referred to as REP-PCR, ERIC-PCR, and BOX-PCR genbngerprinting, respectively.

Recently, introduced PCR amplification of repeat Ddyjuences found in prokaryotic chromosomes asaasnef typing in conjunction with rep-PCR and
FERP (Fluorophore-Enhanced Repetitive-Sequence Ri@&)rprinting methods, generated highly reprodecdnd discriminatory patterns for typing 8f aureus
strains but unfortunately none of the single metiogerfect and hence combining of two or threehmeé$ of molecular typing were suggested to be usefd
discriminatory for differentiation and epidemiolog§S. aureustrains (del Vecchiet al.,1995).

Evaluation of 170 isolates of methicillin resistana S. aureuyMRSA) and twenty-one isolates of methicillin-septible S. aureugMSSA) obtained from
nosocomial and community-acquired human infectiwas carried out by del Vecché al. (1995). Eight banding patterns or rep-PCR profitlesignated letter A to H)
were observed among MRSA isolates collected fronoua sources. The various rep patterns alloweg ddferentiation among the isolates. The MSSA asesd
analyzed displayed fingerprints different from tlighe patterns observed for MRSA. In conclusion-RPEpR of MRSA could easily determine an outbreaksmuand
this could have important clinical and epidemiotagiramifications. They suggested that it could edun routine surveillance to enhance the potefutianfection
control.

To investigate whether certain rep-PCR fingerprimtaild have prognostic value for epidemic or nonepitt MRSA strains, van der Zes al. (1999)
genotyped 46. aureusstrains. Among 46 strains, 13 different rep-PCRdnprints were obtained, designated as N to Z.disteibution of rep-PCR types N, O, P, Q,
and X were found for more than one isolate and waye common among epidemic MRSA strains whileiGgrevith rep-types R to Z were isolated less frexiye

A commercial kit, the REP-PCR DiversiLab microktighing system (Spectral Genomics Inc., Houston, W4¥ reported to be more convenient than manual
methods (Shutet al, 2005).

The online DIVERSILAB software not only providesastiardized comparisons among isolates almost tasteously, but also generates user-friendly
customized reports and provides a user-specife starage and retrieval system (Heatyal, 2005).

In addition, REP-PCR genomic fingerprinting protiscoan be performed on whole cells of some speotadating the need for DNA extraction (Shettal,
2005). However, REP-PCR has disadvantages similathier PCR-based assays, including the potentialdntamination, artifacts, and the need for mplédtcontrols.

The automated method using repetitive sequencaeER (rep-PCR) for microbial strain typing wasdudy Shuttet al. (2005) to characteriz8. aureus
isolates obtained from hospital outbreaks and fahat correlation between rep-PCR and PFGE was goibd. For 15 of the 19 outbreaks in their stueg;PCR and
PFGE results were complete concordant, and foraimaining four, results of the two methods wergigidy concordant.
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Gardellaet al. (2005) studied twenty seven isolates (14 MRSA BEh#ISSA) ofS. aureusecovered from hospitalized patients. The isolatee evaluated by
rep PCR for their genetic characterization. Thyge trep patterns (12 A1 and One of G and D1 eaelng wbserved among MRSA strains and 11 type reprpat(two
Al,two Bl and one F, C, H, E1, D3, E2, A2, B2 &3dof each) were observed among MSSA strains. &pgatterns of MRSA and MSSA were clearly diffeiagle.

Reinosoet al. (2007) designed a study to assess genetic rethiprof 52S. aureusstrains isolated from mammary gland infectiondemdéd in four herds
located in the central dairy region of Argentinatofal of 31 rep-profiles in the range size fron©306 6000 bp were identified after rep-PCR analysisa first level of
similarity (50%), isolates were grouped into 5 tdus namely | to V. Most of the strains (75%) wgreuped in cluster I. they concluded that rep-P@ng could
successfully differentiat8. aureusstrains of bovine origin.

Reinosoet al. (2008) analyzed 4%. aureusstrains genotypically byep-PCR obtained from humans, bovine subclinical maséihd food samples. The
subsequent cluster analysis suggested the existér@®e rep profiles which could be divided by demgleam analyses into seven different groups at 60%elative
genetic similarity designated I-VII. The groups geily matched with the origin of the isolates. Gdl consists of 13 (87%) human infection stragreups Il and IV
of 14 (93%) bovine mastitis strains and groups Y &l of five (71%) strains isolated from anterioaras of healthy people. Six (75%) food sample retravere
grouped together with the human strains in grouphk rep-PCR group of the remainigaureusstrains did not match with the origin of the stsai

Nordin et al. (2010) conducted molecular characterizations oMIRSA by rep-PCR to differentiate them. MRSA pagtisamples were identified based on
cultural, biochemical and antibiotic sensitivitysag. Results of rep-PCR showed 5 different pattdesignated as ‘a’ to ‘e’) of bands ranging in dizen 210bp to
1150bp. The MSSA patterns were different from tlaMRSA, where MSSA isolates lack the 650bp barat thas seen in the MRSA isolates. Thus, rep-PCR was
proved to be potential tool to determine genomifedinces of nosocomial MRSA in resource limitetfisgs.

Memonet al. (2013) studied 34. aureudsolated from bovine subclinical mastitis from tam China for REP-PCR generated banding pattdr% aureus
isolates which ranged from 150bp to 1800bp in st DNA polymorphism based genotype analysis sstgdethe existence of 34 REP-profiles, which werarged
by dendrogram analysis in seven distinct genotgaesignated as A, B, C, D, E, F and G.

4. Genotypic characterization ofS. aureusin relation to following virulence factors and ther associated genes:

A. Adherence €IfA, cIfB, icaA, icaD, agr and trap gene)

Staphylococcus aurels an important pathogen of human and animalsishasponsible for a wide range of infections ragdrom superficial skin infections
to more serious invasive diseases. The abilit$.adiureuss a pathogen is due in part to its ability toemdlto a wide range of host tissues including bastcellular
matrix proteins such as fibrinogen, fibronectin amlagen. Adhesion to host proteins is mediatedagterial cell-wall-associated proteins called rotidal surface
components recognizing adhesive matrix moleculeSGRAMMSs) and secreted expanded-repertoire adhesmlecules (SERAMSs). Expression of these binding
proteins governed by various molecules and thaincated genegiz. clumping factors A and BclfA and clfB gene) intercellular adhesiomolecule(icaA andicaD
gene) accessory gene regulator moleciagr gene groupand target of RNA lll-activating molecu(grap gene) (Navarre and Schneewind, 1994; Foster aodk,H
1998).
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Clumping factors A and B bind specifically to fibogen, CIfA binds to the extreme C terminus ofjtiebain protruding from D domain of fibrinogen while
CIfB is only expressed on the cell surface durihg exponential phase of growth and can only bind teegion of fibrinogen and cytokeratin 10 (Navaaed
Schneewind, 1994; Ni Eidhiet al., 1998).

Fitzgeraldet al.,(2000) studieds. aureusobtained from bovine intramammary infection. Of tt02 Irish isolates @&. aureus’7 (75.5%) were positive faifA
while all of the RAPD types isolates (7) were negafor clfA. And of the 42 American isolates 30 (71.4%) tegtesitive forclfA but the strains of RAPD types 10, 11
and 12 were negative for clumping factor. The safabe PCR products of tlfA region-R, varied from 780-1180bp.

The cIfA gene was detected in 96.2% (51/53) of the isslafeS. aureusobtained from patients with bloodstream, catheipr bone or joint, respiratory
tract, ocular, soft tissue, wound, and skin humné&ctions by Bootlet al. (2001).

Amplification of the clumping factorclfA) gene resulted in a single amplicon with a sik@gproximately 980bp for all 38. aureussolates recovered from
cow mastitis indicating no size polymorphisms a$ tpene (Stephaet al, 2001).

Jarraucet al. (2002) investigated relationship betwesg groups and human disease ori§inaureudy studying 198. aureustrains isolated from human with
various clinical samples. The isolates were reddyievenly distributed among the foagr groups, with 61 strains belongingagr group I, 49 belonging to group I, 43
belonging to group Ill, and 45 belonging to grod The principal coordinate analysis performed loe AFLP distance matrix divided the 198 strains thiree main
phylogenetic groups, AF1 group corresponding taissr ofagr group IV, AF2 group corresponding to strainsagf groups | and I, and AF3 group corresponding to
strains ofagr group Ill. This indicated that thegr type was linked to the genetic background.

Gilot et al. (2002) carried out a study in which restrictionpmaonstructed foagr variants allowed the linking of all types in an kieon scheme and their
grouping in one of the fowagr interference groups. The majority of strains isdairom cows with mastitis belongedagr groupl (69.0%) and tagr group 2 (23.9%).
Groups 3 and 4 contained only 2.8 and 1.4% of tledyaed strains, respectively. The analysis inditehat groups 2, 3, and 4 probably evolved from rtfore
frequently encountered type, which belonged to grbuTheagr group 1 was also found to be the most prevalehstatied isolates were also positive fiap gene.

Tristanet al. (2003) isolated 157 isolates from various humamazl samples for evaluation offA andclfB gene and found thatfA gene was present in 155
(99%) of the isolates whereaeldB gene was present in all (100%) the isolates.

Vasudevaret al. (2003) isolated 3%. aureusstrains from bovine mastitis. Thirty-two of the Bblates tested produced slime on Congo red adeereas only
24 of the isolates were found to produce biofilrvitno. However, all the 35 isolates possessed andicaD genes. This study indicated a high prevalencéeica
genes amon§. aureusnastitis isolates.

Lina et al. (2003) studied 6%. aureudrom 216 human nasal samples &or typing and isolates weragr typed by a PCR method. Only ofe aureus agr
(agrsy allele was detected in each carrier. All$5aureussolates fell into one of the four previously desed agrs, groups (alleles). Thirty four isolates belonged to
agr-1s, 19 belonged tagr-2s, seven belonged tgr-3s, and five belonged tagr-4s, Multiple logistic regressions of the two mostyakentagrs, alleles agr-1s, and
agr-2s showed a specific influence of thgr system. To verify that each carrier harbored omlg agrs, allele, PCR was also performed on total DNA exgddrom
brain heart infusion broth cultures of samples f@dof theS. aureusarriers. In all cases, only oagrs, allele (identical to one of the four previouslgidified alleles)
was detected in each culture by multiplex PCR.
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In the study by Andet al. (2004) on 109 MRSA isolates 8f aureusrom human suffering from urinary tract infectioose (0.9%), 99 (90.8%), two (1.8%)
and zero (0%) strains showed presencegof, agrll, agrlll and agrlV gene respectively. ThieaD andclfA genes were also detected in 108 (99.1%) strain8and
(77.1%) strains respectively.

Amplification of theclfA resulted in a single amplicon with a size of apimately 1000bp from all 35. aureugrom bovine subclinical mastitis indicating no
size polymorphisms in this gene (Salastial, 2004).

The amplification otlIfA gene revealed two different sized amplicons of & 1000bp. Among th&. aureusstrains representing the clinical mastitic cow, 13
strains (54.2%) had an amplicon size of 900bp, evhil strains (45.8%) had an amplicon size of 1006bpm subclinical mastitis two (12.5%) strains fadfA
amplicon size of 900bp and 14 (87.5%) strains apliaon size of 1000bp. The gerngr class | with a size of 360bp for six (25%) and12%) strains and the geagr
class Il with a size of 470bp for 16 (66.6%) andrf(25%) strains of the clinical and subclini€alaureugyroup, respectively. Two (8.3%). aureusstrains could not be
characterized by the use of the oligonucleotidmers specific foagr class | and 1l (El-Sayeet al.,2006).

Yazdaniet al (2006) evaluated the biofilm forming capacity $f aureussolated from wound infections and also the presesfdcaAD gene among these
isolates by polymerase chain reaction (PCR) mettd.of the fifty strains identified, 54% producbthck colonies on CRA plate, 52% were positive lafilm
formation, and all strains carried tiv@ AD gene.

A total of 37 strains 08. aureusvere isolated during processing of 552 milk samftem 140 cows with subclinical mastitis. All dfet isolates were found to
produce an amplicon with a size of approximate@42bp of theclfA gene without any size polymorphisms (Kaloegyal, 2007).

Reinoscet al. (2008) analyzed 4S. aureusstrains genotypically obtained from humans, bognleclinical mastitis and food samples. The PCRIidiogtion of
the clumping factor gendfA yielded an amplicon size of 1000bp for 40 of tneestigateds. aureusFour strains from bovine origin and one straimfrimod sample
had an amplicon size of 900bp. With the oligonuiitenprimers for the genegr-classes 1111, eight (36%) human strains wage class Ill, the remaining 14 strains
belonged tagr classes | and 1l (14% and 27%, respectively). 8¢4&%) bovine mastitis strains were assigneagoclass Il and the remaining eight strains belonged
toagr classes | and Il (27% and 13%, respectively). (P@%) S. aureusstrains were negative for thgr-classes | to Ill.

Vindel et al. (2009) conductedgr typing for 135 MRSA isolated from human clinicaféctions The agr-2 type was most prevalent with 111(82.2%) isolates
followed by agr-1 type with 20 (14.8%) isolates amgr-3 type with 4(3.0%) isolates. Thagr-2 type contain 14 sporadic MRSA straimgjr-1 type having eight
sporadic MRSA strains arayr-3 type was found in one sporadic MRSA strain. Nohhe MRSA strains presentadr-4 type.

Peerayelet al. (2009)studied212 S. aureusstrains isolated from human clinical infections &gr group typing The majority of 55.1% (117) isolates belonged
to agr-1 group, followed byagr-Il group 16.9% (36 isolatesagr-11l group 16.5% (35 isolates), ardr-IV group 9.4% (20 isolates). The rates of failtoaletect thegr
locus were 1.8% (4 isolates). Althougbr-1 group was much prevalent in all specimeatg; 1l group was dominant in nasal swabs (30&gj:1Il group was prevalent in
respiratory tract specimens (26%), ag-1V group was higher in cutaneous specimens (12.1%)

In the study of Bhandest al (2009) on 43. aureussolates from bovine clinical and subclinical nizsttheclfA gene amplification in single amplicon with a
size of approximately 980bp product without any giplymorphism.

Duranet al.(2010) studied the presence of adhesion and slio@uption genes amorf§) aureusstrains obtained from surgical wounds by multipRZR. The
occurrence rate of adhesion gend#8\) was 45 strains of 88 (51.1%) and slime geres\(andicaD) was 56 strains of 88 (63.6%) among $heaureussolates.
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Cotaret al.(2010) in a study 08. aureusstrains isolated from patients with infectionsofid cultures) with associated cardiovascular dayiskowed that af.
aureusstrains possess batHA andclfB genes without any size polymorphism.

Zmantaret al. (2010) studied quantitative and qualitative préperof biofilm producingS. aureudsolated from auricular infection (n = 46) andmvias found
that 78.26% of strains possessaiA andicaD gene.

Proietti et al. (2010) carried out amplification of thefA and obtained a single amplicon (approximatelyd2lip) in all (170) the isolates &. aureusrom
bovine mastitic milk samples.

In the investigation of intramammary infectionshiovines by Salem-Bekhét al. (2010) amplification of the clumping factalffA) gene resulted in a single
amplicon with a size of approximately 985bp forG8IS. aureusstrains indicating no size polymorphisms in trese.

Dhanawadeet al. (2010) reported 103. aureudsolates from bovine subclinical mastitis. Amorigdéed isolates, 36 (35.29%) strains revealed thegnce of
icaA andicaD genes.

Momtazet al. (2010) characterized &. aureussolates from 360 mastitic milk samples of whichd@ntainedIfA gene without any polymorphism, 10 isolates
containedagr-l gene, 42 containeagr-1l gene, 19 containedgr-1ll gene and 15 isolates containagh-1V gene.

Stutzet al. (2011) studied 79 PCR-confirmed bovine mastitisveel S. aureussolates and found that all isolates were posivelfA andclfB genes. The size
polymorphism is not detected but variation in theipression noted by quantitative PCR. Thetgping also conducted in the present investigadiod it was found that
all of the Staphaurex-negative isolates weragyftype II. In contrast, the majority (84%) of Staphex-positive isolates were afr type |, apart from the isolates
harboringspatype t045, t7007, or t7013, which wereagfr type Il. The agr Ill and agr IV was not detecteabag any of the isolate.

Among all microbial surface components recognizagfpesive matrix molecules encoded genes, the gdifesnd clfB are found in most of th&. aureus
strains. The isolates tested positive for¢ti& andclfB were 96.9% each (Oat al.,2011).

Salasiaet al. (2011) detecteclfA gene in all (41) isolates of bovines, humans, &madd source samples with amplicon of 1000bp withany size
polymorphism.

Karahanet al. (2011) reported that 91.3% (84/92) aufa positiveS. aureus isolates of bovine subclinical mastitis amigcarried clfA gene. Sixty-eight
(81.0%) of theclfA gene positive isolate produced amplicons of axiprately 1000bp and remaining 16 isolates (19.0f6)ipced amplicons of approximately 900bp.

Kumaret al. (2011) studied 107 strains 8f aureugrom mastitic milk samples from 195 infected uddefrSahiwal cattle. The proportionsagr genes |, 11, 11l
and IV were found to be 39.2%, 27.1%, 21.5% and%2.respectively. Polymorphic band patterns wese albserved irlfA, viz. 950 (3.7%), 1000 (70.0%) and
1100bp (20.5%).

Xie et al. (2011) studied a total of 108 aureussolates obtained from human clinical infectionsl aletected fouagr groups (I — 1V) by multiplex PCR based
on the amplicon size. Thegr group | was the most predominant as detected .2%6{65/108) of the strains and groupsagf lll, 1l, and IV were less common and
found in 19.4%, 16.7%, and 2.8% of the isolatespeetively. One isolate repeatedly yielded negatigalt for any of thagr types tested.

Chenet al. (2012) analyzed 108. aureussolates obtained from nasal carriage and 34tsefrom community-onset infection, which revealeatagr group |
was the most commomgr type for both nasal carriage (65%) and commumitgdtion (74%) isolates, followed kagr group Il for infection isolates (21%) ardr
group IV for nasal carriage isolates (18%). Bige group Il was not detected in their study.
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Gharsaet al. (2012) studied 5@. aureusstrains isolated from 100 nasal swabs from donkaysplification of theagr locus showed thaagr group | was
predominant (74%), the remaining isolates beingilasd toagr group Il (14%),agr group Il (8%), anagr group 1V (4%).

Francaet al. (2012) identified biofilm production @&taphylococcuspp. (n=210) obtained from small ruminant mastitiBrazil. The isolates were subjected to
Congo red agar aridaD gene specific PCR and found that only 16 (7.686)ates (15 isolates from goat and one from she&epd phenotypically biofilm producing
while biofilm-encoding gen&aD was detected in total 69 (33.0%) isolates.

Atshanet al. (2012) studied 30 methicillin-sensitive and 30 mlin-resistantS. aureussolates. ThelfA, clfB icaAandicaD genes were present in all the 60
isolates tested indicating a high prevalence.

The genelfA was found in all the 55. aureussolates by Contreras al. (2012) showing 100% prevalence whereas Yetrg. (2012) reported 24 (629%)fA
positive isolates from 38. aureustrains isolated from bovine clinical mastitisGnangxi by polymerase chain reaction amplification.

Li-li et al.(2012) studied the biofilm forming ability and dibution of biofilm associated genes in the clitiigésolated bovine mastitiStaphylococcugenes.
Out of 137 studied isolateisaAD gene was present in 43 isolatedfA in 76 andclfB was present in 50 isolates.

Bnyan (2013) reported 100% presence of adhesioasgeifd) and slime production genesdA andicaD) among siXS. aureussolates obtained from cases of
septicemia in hemodialysis patients.

Fifteen isolates 08. aureugrom animal and human clinical infection were tgtpeith agr group specific genes which revealed the predonsmafagr group I,
being present in 14 out of Ta aureussolated from all types of clinical samples (93.33%@n the other hand, only one strain from pus samgas found to harbagr
group Il (6.67%) and none was positive for batr types Il and IV (Abd EI-Hamid and Bendary, 2013).

Theagr locus specificity groups were studied in@3aureussolates obtained from ewes with mastitis in tmeggons in the Northwest of Iran. Identification of
agr groups, usin@gr group-specific multiplex PCR, classified the mé&jppof isolates intagr group | (51.16%) followed bsgr group IV (44.19%) and only one isolate
(2.23%) for each of thagr groups Il and Il was found to be positive (Sekal, 2013).

Memonet al. (2013) investigated 38. aureussolated from bovine subclinical mastitis from g China forclfA gene which present in 59% isolates with
900bp-1000bp size.

Almeidaet al. (2013) studied 18 isolates, 6 from clinical méstiamples and 12 from subclinical mastitis sampfesheep flocks. All (18) were positive for
clfA while negative for boticaA andicaD. Theagr group typing revealed that 50% isolates were pasfor agr groups | and 1l each whilagr groups Ill and IV were
not detected in any of the isolate.

Tanget al. (2013) studied5. aureusobtained from nosocomial infection and cross-cmmation of foods and it was found that 100% isedatarriecclfB,
87.50%icaAandicaD gene and 25%lfA gene.

Memon et al. (2013) reported that the amplicon sizectA gene varied from 900bp to 1000bp Sn aureusisolates associated with bovine mastitis. The
clumping factor encodingIfA gene was detected in 59% of isolates.

Havaeiet al. (2014) studied 5@&. aureussolated from various human clinical specimensdgr typing and reported that 45 (90%) isolates vwaagetype |, 2
(4%) wereagr type lll, and 3 (6%) were nontypeable.
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Fabres-Kleiret al. (2015) studied 5&. aureusstrains obtained from cows with subclinical méstiThe bacteria belonged agr groups | (12/54), 1l (34/54), llI
(6/54), and IV (2/54), and bacteriaagr group Il were found to be stronger biofilm produg than those in groups | and Il. Again, milk asignificant influence only
on slime-positiveagr | and |l isolates, revealing an association betwadk and slime.

Barbieriet al. (2015) studied breast peri-implant infections dag43S. aureussolates. All the isolates carriéchA, icaD andclfA gene.

Khoramianet al. (2015) studied 215. aureusstrains collected from human and dairy cow's itib&s. The most of the isolates were positiveidaA (87.9%)
andicaD (88.4%) genes.

Castelaniet al. (2015) studied 118.aureusisolates from mammary gland secretions of heierd cows with mastitis and reported presenceaf and
icaD genes in 98% and 100% of isolates respectivelyevamly 55.5% of all isolates produced a biofilm Gongo red agar phenotypically.

A total of 209S. aureugsolates were obtained from human patients. Othede, sixty-four (30.6%) isolates were methigiliésistant, among which thirty-six
(56.2%) were MDR. The majority of MDR-MRSA was beted toagr-l (67%, n=24), followed byagr —II (17%, n=6),agr-IV (11%, n=4) andagr-lll (5.5%, n=2).
Among the biofilm related genes, the frequencicaf andicaD genes in MDR-MRSA were 75% (n=27) and 61% (n=28pectively. Furthermore, the prevalence of
clfA andclfB was100% for each. The relation between #ug specific groups and the antibiotic resistance m@tsconfirmed. There was not a confirmed relatigmsh
between thegr groups and antibiotic susceptibility pattern asfiin production by the isolates (Ghasemeédral, 2015).

Nathawatet al. (2015) characterized 5. aureussolates of milk origin from goat clinical massitior clfA gene. Twenty five isolates produced single amplico
of 1050bp indicating no polymorphismaifA gene while two isolates did not produce any PCRliaon.

Yadavet al. (2015c) studied 35. aureudsolates obtained from milk of cattle and buffaldh clinical mastitis. TheclfA gene was amplified in 27 isolates
producing two different amplicons of 900 and 1008kges showing polymorphism. The most (71.80%efisolates produced amplicons of 900bp while azoplsize
of 1000bp was produced by four (12.5%) of the isgla

Mohsenzadelet al. (2015) evaluated 31 isolates ®f aureusbtained from mastitis in dairy cattle fagr gene polymorphism by specific primers. Most of the
isolates belonged tagr group | (54.8%), followed bygr group Il (25.8%) anegr group Il (19.4%). There was not any isolates bgilog toagr group V.

Xu et al. (2015) studied 28. aureussolates obtained from 209 mastitis milk sampliesoav. They detected presencectiz, clfB, icaD, agrl andagr-2 genes
in 25 (89.3%), 24 (85.7%), 20 (71.4), 18 (64.3%) &8r(17.9%) isolates respectively, while tb@A, agr-3, agr4 genes were not detected in any of the isolates.

B. Antiphagocytosis €ap5K and cap8K gene)

Capsule production bgtaphylococcus aureus wéisst described by Gilbert in 1931. The encapsotehas been demonstrated to be very importartt foai
survival of this organism in the host systems ascipsulated organism are able to protect thensé&lve being phagocytosed. There have been 1lTreliffeapsular
types demonstrated on the basis of serologicabglutination reaction with monospecific antiseran@ng 11 capsular serotypes capsular type 5 and/& lheen
reported to be most common B aureusisolates from human sources. However, there sdenf®e great variation in capsular type from anialirces. The
information concerning the geographical distribntimf capsular serotypes is important for the ratiafesign and use of vaccine agaiBstauruescausing mastitis
based on capsular typing (Gilbert, 1931; Karakawal.,1988).
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Poutrelet al (1988) carried out serotyping using monoclondibadies to identifyS. aureusapsular polysaccharide types 5 and 8 in 71.5%/&®P6 of the

isolates, respectively.

Similarly Naiduet al. (1991) also reported that 70%%faureugsolates from bovines with mastitis were eitheb@P CP8 producers.

Sauet al. (1997) determined the nucleotide sequences of ¢ayib andcap8gene cluster. Theap5andcap8loci are chromosomal and allelic and comprise a
~17.5 kb region of the chromosome. The each genesloontains 16 closely linked geneap5A(cap8A throughcap5P (cap8B, transcribed in one orientation. The
predicted amino acid sequence of 12 of the 16 GRREap5andcap8gene clusters are almost similar and 4 ORFs lodatdt central region are type-specific.

In experiments in a mouse infection model of bactea, Luong and Lee (2002) recorded that CP8 owduyming strains o8. aureusersisted longer in the
bloodstream. Their results indicated that CP8 weardgiphagocytic virulence factor 8t aureus.

The capsular typing db. aureudrom cow, the genesap5with a size of 880bp were observed for 20 (83.3% 13 (81.3%) strains amadp8with a size of
1150bp for 4 (16.7%) and 3 (18.8%) strains of fir@aal and subclinicas. aureugroup, respectively (El-Sayed al.,2006).

Verdier et al. (2007) studied the capsular phenotypes and geestygp 195S. aureudsolates representative of all clinical syndrortteet encompassed both
hospital and community-acquired infections. In thapulation, most of clinical isolates (87%) expes either capsular polysaccharide type 5 (429 (15%),
whereas 13% were nontypeable by the serotypingadetlith antibodies specific to capsular polysaccteatype 5 or 8. While PCR method allowed genotymihg
100% of strains, and all strains carried eitherctiyes (46%) orcap8locus (54%).

The capsular typing fozapb and caB genes inS. aureusstrains isolated from bovine, ovine and caprin@inants was carried out by Alves al. (2008). In
order to find out the host specificity for the stas, they concluded that the natur&ohureustrains differs between large and small ruminantssaiggested existence
of a host rather than tissue specificity. In ttetirdy they recorded CP type 8 with an overall genee of 83.1% in ovine and caprine isolates.

Reinosoet al. (2008) analyzed 4%5. aureusstrains genotypically obtained from humans, bownéclinical mastitis and food samples. The gemg5 was
observed in 21 (47%$. aureusstrains (11 human, nine bovine and one food sastpdén), whereas the genap8in seven (15%%. aureusstrains (four human and
three food sample strains). Seventeen cultures \388te noneap5 or cap8 All bovine strains were negative with capsulatypaccharide type 8 oligonucleotide
primers.

Proiettiet al. (2010) characterized 17®. aureugrom bovine milk collected from 7 dairy farms iraly for capbK and caBK genes. Of the 170 isolates, they
recorded 140 isolates to posseagb gene producing PCR amplicon of 880bp. They didrecbrd any of the isolates witapB gene.

The capsular typing d8. aureusof bovine (20 isolates) and caprine (10 isolateg)in was carried out by polymerase chain reactisimg primers specific for
cap5Kandcap8Kgenes. From cattle mastitis 60%Sfaureusvere found to possesap5Kgene and 20% of the isolates possessp@8Kgene. The rest 20% isolates
did not produce amplicon with these primers andeveemsidered non-CP5 and non-CP8 isolates. Froms,g8@es of the isolates showed presenceapbK gene and
20% of the isolates exhibited presenceaf8K gene whereas 50% of the isolates were non-tygabt@ap5Kor cap8Kgenes (Upadhyagt al.,2010a).

Capsular typing of 107, 128 and 1%$1 aureussolated from intra-mammary infections in Sahiw&iran-Fries cattle and Murrah buffaloes, respeltiveas
carried out by Singlket al. (2011). The study revealed that 86.8% (60.¢&®bK and26.1%camBK), 79.0% (56.3% cap5K and 22.74mBK) and 81.1% (22.2%appK
and 18.9%caBK) S. aureussolates from Sahiwal cattle, Karan-Fries cattld Bturrah buffaloes, respectively were capsulated.
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Khichar and Kataria (2014) characterize 28aureussolates obtained from 59 mastitis samples of tdoisFriesian crossbred and Rathi cattle for cagrsul
genotyping ¢ap5Kandcap8K). The detection of capsular gene fragments wasstigated by PCR where in all the isolates weraeddo possess eitheap5Kor cap8K
genes responsible for CP5 or CP8 types, respegtivethis study 26 isolates (92.86%) produced &opk of 361bp indicating presencecap5Kgene and two isolates
(7.14%) produced 173bp amplicon indicating preserficap8Kgene.

Xu et al. (2015) studied 28. aureussolates obtained from 209 mastitis milk samplesowv. During the study theap5andcap8was found in 13 (46.4%) and
11 (39.3%) isolates, respectively.

Yadavet al. (2015a) studied 33. aureussolates from milk of cattle and buffalo with alial mastitis for capsular gene typing. The genoiygor capsular
genes ¢ap5Kandcap8K) revealed that 22 isolates (68.75%) were posfoveap5Kand seven isolates (21.87%) were recorded poddiveap8Kgenes whereas three
isolates (9.37%) were found non-typable for beah5Kandcap8K

Nathawatet al. (2015) characterized 23. aureussolates of milk origin from goat clinical massitiOf the 27 isolates, 17 (68.38%) showed singlpliaon of
approximately 350bp representing presenceapbK gene responsible for capsular type 5 whereas (B#h&1%) of the isolates produced amplicons of axprately
200bp representing presencecap8Kgenes responsible for production of capsular 8;pghereas one isolate was non-typable for anji@two genes.

C. Exoenzymes ¢oa and aur gene)

Gohet al (1992) characterizeS. aureussolates on the basis of PCR amplification of afle region of coagulase gene followedAlyl enzyme digestion to
analyze the restriction fragment length polymorgdbNA. The sizes of PCR products obtained were betw&l0 to 950bp. They observed ten distinct RFLIREpes
among 30 different isolates and were successftiaging the source d. aureusoutbreak. They also observed an excellent comeldtetween RFLP patterns and
multiple locus enzyme electrophoresis.

A typing procedure foS. aureusvas developed based on improved PCR amplificaticheo coagulase gene and restriction fragment kepgtymorphism
(RFLP) analysis by Hookest al. (1998). All coagulase positive staphylococci pragtlia single PCR amplification product of 875, @&IB, or 547bp and ten distinct
RFLP patterns were found by enzy/lel among 85 isolates of methicillin-resistétaureufMRSA) and 10 methicillin-sensitive. aureugMSSA) examined.

Genotyping of 453. aureussolates obtained from bovine mastitic milk by FFbaf coagene was done by & al (1999) wherein they grouped these isolates
into 40 genotypes. They further recorded that claesgugenotypes differed among geographic locatamd,only a few genotypes prevailed in each lonafldey also
found that the predominant genotypes were morsteggito neutrophil bactericidal activities tharergenotypes.

Langeet al. (1999) studied 66 isolates 8taphylococcus aureusbtained from milk samples of dairy cows sufferingm subclinical mastitis analyzed by
analysis of coagulaseda gene polymorphisms by PCR amplification of th@e3minal region of the€oa gene to discriminate between the isolates. ddeegene
amplification was found to be suitable for isoldifferentiation with good discriminatory index valyD =0.82).

Sabatet al. (2000) studied variations, distribution and copyntver of theaur gene among 58. aureustrains isolated from healthy as well as diseasggons.

All strains were found positive faur gene with amplicons of 1.5 kb. The RFLP with falifferent restriction enzyme#pd, Hincll, Hinfl and Ndd of aur gene
revealed only two distinct restriction patternssigaated | and Il, respectively. The PCR-RFLP pattecontained 16 isolates, (including seven frovm hasal passages

100



of healthy individuals, four from patients with €uncles and five from patients with atopic dermstitvhile pattern Il contained 37 isolates (incluggeven from healthy
individuals, 13 from patients with furuncles and ftom patients with atopic dermatitis). They sugjgd that type Il was more often isolated from skseases than
type I, although the differences observed are tadistically significant (Fisher exact teBtz 0.09). In order to compare the aureolysin encodethé two PCR-RFLP
types of theaur gene, strain of type | and type Il were selectmdskquencing of thaur gene. The deduced amino acid sequences of therepdimg frames were
almost identical within each of the tvaor PCR-RFLP types, whereas homology at the gene bmteleen the two types was only 89%.

Nimmo et al. (2000) generated coagulase gene RFLP patter@ik géntamicin and methicillin resiste®it aureusCoagulase gene RFLP patterns of the 31 GS-
MRSA isolates were divided into four types (A to, jith types A and B being further divided into fo(l to 1V) and two (I and II) closely related sypes,
respectively. All but one of the community-acquiisdlates fell into subtypes Al and All, and corsady only three of the health care facility-acqdirsolates belonged
to subtype Al. Seven different sized PCR produatging between 580 and 1060bp were obtained anurdlaeict of approximately 730bp was observed ims@lates.

Thirty four strains ofS. aureusobtained from milk samples of 34 dairy cows sulffgrfrom mastitis from different farms were idemd and characterized for
coagene and found single band for each of the iseldt&o different sized PCR products of 580 and @80bre distinguished of which former was preserg3rstrains
(Stepharet al, 2001).

Ninety-two S. aureusstrains from human soft tissue infections wergivatied on casein agar plates in order to studsaegtlular protease production. Twenty-
one strains (23%) produced a zone of precipitai@mund the bacterial streak showing protease ctiwvelve protease-negative and five proteaseipgesitrains were
also tested for the presence &oir (aureolysin) gene which revealed that all testesdrs were positive (Karlsson and Arvidson, 20@2)aur gene.

The gene dur) encoding the metalloprotease (aureolysinsofaureusrom domestic animals was analyzed by PCR and RERP byHincll enzyme and
sequencing. Thaur gene was detected in all 74 isolates from cowgs pind chickens by PCR amplification and was classifito types | and Il by PCR- RFLP
patterns. The type Hur gene was contained in 36 (94.7%) of 38 proteaséip® isolates as judged by skim milk agar platkuce, while type | was contained in 28
(77.8%) of 36 protease-negative isolates. The detlamino acid sequences of aureolysins from tygrellll isolates were almost identical with thosdhef published
data (Takeuchet al.,2002).

Schlegelovaet al. (2003) studied the 88. aureussolates recovered from clinical infections oftleaind humans sharing an infected environmenteparted
polymorphism incoa gene having variable product size of 650bp, 73@4®bp and 1050bp. Further genetic diversity amisntates was observed by restriction
fragment length polymorphism of the coagulase g®latecular analyses identified ten polymorphismetypvith prevalent presentation of type Il in isetafrom cow's
milk and type IV in isolates from people comingamontact with dairy cows on the farm (the cattlejrend the other farm personnel. Seven further typas were
identified among the isolates from the cattlemen.

Scherreet al. (2004) studied 293 isolates $f aureusobtained from 127 bulk-tank milk samples of gaatd sheep. The PCR amplification of the 3' endhef t
coagulase gene showed a single amplicon of 500bgitt isolates (2.7%), of 580bp in 45 (15.4%)660bp in 95 (32.4%), of 740bp in 68 (23.2%) an@2®bp in 69
(23.5%) of the isolates. Coagulase gene restrigtiofile analysis of the 145 isolates revealedddfiferent patterns usinglul and five different patterns usirdpéell.
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Amplification of coa gene yielded two different PCR products of GD0nd 850bp for four and 12 of ti& aureusisolates from bovine subclinical
mastitis in Central Java, Indonesia, while fidgferent PCR products with sizes of 510, 600,,68M and 850bp were found for one, ten, two, arkfave of theS.
aureusisolated in Hesse, Germany, respectively (Satsil, 2004).

Katsudaet al (2005) carried out molecular typing of 230aureussolated from bovine mastitis on the basi€ofgene and observed that isolates produced one
of the five types of amplicons 420, 580, 660, 748 &820bp. In their study the amplicon of 580bp weesent in 60% of the isolates. They observed &ndt RFLP
patterns afteAlul digestion.

One hundred twenty-five strains 8f aureufrom bovine mastitc milk were examined fava gene polymorphism by Gulet al. (2005). They grouped these
isolates into four subtypes and 60.8% of the isslgiredominantly observed 1000bp PCR product shypthat a few types ob. aureuswere responsible for the
majority of bovine clinical mastitis cases in omeaof Central Anatolia region, Turkey.

A typing procedure based on polymorphism of¢bagene was carried out by da Silva and da SR@95). They obtained 27 different PCR productenfié? S.
aureusisolates of cow mastitis of which 60 produced omhe amplicon while remaining four produced two hogms. On the basis of PCR-RFLP ada gene they
further grouped these isolates into 49 types.

Vimercatiet al. (2006) carried out amplification cbagene and RFLP of 118. aureussolates from cows, goats and sheep and foundsifferentcoatypes.
Further on the basis of PCR-RFLP, 29 differard subtypes were identified.

Karahan and Cetinkaya (2007) used PCR-RFLP methetutly the genetic relatednessof positiveS. aureussolated from cows with subclinical mastitis in
Turkey. Out of 200 isolates &. aureusdentified by species specific PCR 161 isolatasi@hcoagene as confirmed by PCR of 3’ end of tua gene. Most of the
isolates produced a single bandcofamplicon with molecular sizes ranging from 500 400bp and a small number of isolates produced aval$ The detection of
two bands suggested that milking personnel cowg @lrole in the transmission 8f aureusAnalysis ofcoaRFLP usingAlul generated 23 band patterns.

Aslantaset al. (2007) recorded that most of the isolates (98.irftheir study produced a single bandcohamplicon with molecular sizes ranging from 730 to
1050bp whereas only one isolate yielded two angglifon products (1.3%). The products of 730 andop7lze were the most frequent and accounted f&8&nd
41.3% of the isolates, respectively.

Thirty sevenS. aureussolates of milk origin strains were characterizghotypically by PCR using oligonucleotide priménat amplified genes encoding
coagulaseqoa) by Kaloreyet al. (2007) which yielded three different products 8¥6710, and 910bp for 20, 10, and seven isoledepgctively.
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Moon et al. (2007) subjected 698. aureussolates from bovine mastitis to PCR amplificatafithe coagene and recorded a single band ranging betwe@n 62
and 809 bp for each isolate. Restriction enzymestign withAlul of amplicons generated 1 to 4 fragments of 1264@bp and the digestion gave 10 different RFLP
patterns.

Tiwari et al. (2008) designed the forward primeroa F (5-GGGATAACAAAGCAGATGCGATAG-3) and the reverseprimer coa R (5'-
ACGTTGATTCAGTACCTTGTGG-3) for the amplification diyper variable region afoagene and found that out of the 2B8aureusstrains from different clinical
specimens, 237 wemagene PCR positive with the PCR products of 148601and 710bp size while rest 51 strains veex@gene negative.

An epidemiologically and genetically diverse callen of S. aureusstrains was used by Saletal. (2008) to determine the range of aureolysiar) gene
polymorphism. Sequence analysisanir gene confirmed that all investigated MRSA and MS3$/ins possessedir gene of the same length of 1530bp. This study
found 24 nucleotide alleles afir gene which translated to 15 amino acid sequesazgiencing analysis supported their conclusionativagiene occurs in two distinct
groups (type | and type II) of related sequencdwerd were 195 (12.7%) polymorphic nucleotide sivasich resulted in 43 (8.4%) variable inferred amnicid
positions. Type | consisted of 9 nucleotide allelésch translated to 6 amino acid sequences, gvel ltyconsisted of 15 nucleotide alleles which stated to 9 amino
acid sequences. Pairwise differences in nuclestdgiences between representative pairs of alieteged from 1 to 40 (0.1-2.6%) nucleotide sites iwitiipe |, and
from 1 to 13 (0.1-0.8%) nucleotide sites withindylh whereas between the types the differencegedifrom 146 to 170 nucleotide sites (9.5-11.1%} @educed
amino acid diversity of preproaureolysin variedhir@ to 6 (0.2—1.2%) amino acid positions withingypand from 1 to 4 (0.2—-0.8%) amino acid posgienthin type
II, whereas between types the difference was frarto38 (6.1-7.5%) amino acid positions.

Twenty oneS. aureudsolates of bovine mastitic milk were analyzedSanjivet al. (2008) for theircoa gene products and RFLP patterns. The isolates
produced three different types @da gene products (600, 680 or 850bp) and three disRRFLP patterns. Amplicons of 600bp produced amig fragment of 300bp
(Pattern I), amplicons of 680bp produced two fragis®f 210 and 260bp (pattern 1) and amplicon85fibp produced three bands of 170, 290 and 39Gie(p 111).

Saeiet al. (2009) carried out study aroa gene polymorphism in 58. aureussolates recovered from 350 milk samples of cowt wiinical and subclinical
mastitis in east and west Azerbaijan provinces).Iré@mplification of the variable region @ba gene produced five different PCR products rangimgize from
approximately 490bp to 850bp. The RFLP patternthefPCR products digested wittadll revealed nine RFLP patterns, numbered I-IX wathisolates (39.66%)
assigned to RFLP pattern | and 14 isolates (24.1a¥&igned to RFLP pattern lll. Five out of ninetgats were found in both regions and four of ningns were
only found in one region.

The amplification otoagene displayed four different size polymorphisniapproximately 400bp for one (4%) strain, 60@&tpl2 (57%) strains, 700bp for
two (9%) strains and 900bp for six (28%) strain$ ohureugrom bovine mastitis (Coelhet al.,2009).

Bhanderiet al. (2009) also reported polymorphism as they obtaimed types ofcoa PCR products from 23 coagulase positive isolatdaimmdd from 43S.
aureusisolates of bovine clinical and subclinical mastiOf the total isolates 16produced 670bp whileesdsolates produced 850bp product.
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Himabinduet al. (2009) carried out molecular analysis for coagrllgsne polymorphism in clinical isolates of methitiresistantS. aureusy RFLP based
genotyping. The sizes of PCR products obtained aftglification ranged between 650-1000bp and wtassified into three band classes. Further thdymts were
digested withAlul and electrophoresed. They observed bands inpltedtof 81bp and were divisible into nine band s#as

El-Jakeeet al (2010) studied 19%. aureussolates (9 from bovine and 10 from human sourees)recorded polymorphism obagenes by PCR gene analysis
wherein the coagulase gene product ranged frompl8658bp.

In a study Upadhyagt al (2010b) reported that all 30 isolates from masiitilk of cattles and goats produced one of thedhypes otoagene product. Out of
these isolates, 10 produced amplicon of 600bp,fB0Obp and five of 850bp sizes. They did not obsemy difference in the RFLP patternsAdfil digests ofcoa
amplicons of cattle and goat isolates.

Isolation ofS. aureugrom normal quarter's milk sample and from contdairy workers was carried out by Abearal. (2010) for detection afoagene. They
recorded presence of gene 40.45% and 69.56% aofitkend dairy workers, respectively. The polymdgoimplicons ranged from 400 to 800bp.

Sindhuet al. (2010) detecte®. aureuglirectly from mastitic milk of Murrah buffaloesing coagulase gene based specific polymerase obadtion assay. Out
of 628 samples, a total of 140 samples were fousitige for the gene with four amplified productss@e 960bp, 870bp, 740bp and 610bp in 8.57, 12929 and
42.85% of the milk samples, respectively.

The study of Salem-Bekhét al. (2010) carried out onoagene in 68. aureusrom bovine mastitis from different farms indicatedlymorphism of the gene.
Three different products were observed in a pati@sn22 isolates produced amplicon size of 910hgsdlates produced amplicon size of 710bp andt ésgitates
produced amplicon size of 627bp.

Laarmanet al. (2011) studied the metalloprotease aureolysin petent complement inhibitor. They showed that alysen inhibited the deposition of C3b on
bacterial surfaces and the release of the cheraotit C5a.

Restriction fragment length polymorphism was useddtermine the polymorphism in the coagulase ged@ strains of5. aureugMomtazet al.,2011). The
enzymatic digestion witAlul of the 920bp products in 31 strains producedetu@nds of 490, 320, and 160bp and 11 strainsA8idivp amplicon produced two bands
of 490 and 240bp.

All of the confirmed 505. aureusamples from bovine mastitis were PCR positivettiecoagene and displayed three different size polymaipbki(Coelhaet
al., 2011).
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Molecular typing ofS. aureusstrains isolated from mastitic milk samples wagied out by Karakulskat al (2011) based on PCR-RFLP @aja gene. They
obtained only single type of amplicon in all the@3aureusstrains of about 1130bp length and only one @&iri pattern consisting of four bands of about,430D,
170 and 90bp.

Genetic analysis by Linags al. (2012) of 151 isolates was done for amplificatdrihe coagene in which 149 (97.39%) of the isolates shothedoresence of
coagene.

Saei (2012) reported five differecbatypes ofS. aureussolates obtained from clinical and subclinicaVine mastitis milk specimens in which mastatypes
were type | (38.1% of the 63 isolates) and typdg38.51%). They indicated that a few coagulase dgmes ofS. aureuswvere responsible for the majority of bovine
mastitis cases.

Khicharet al (2012) carried outoagene typing oS. aureuf cattle mastitis origin and found polymorphismcbagene. They obtained one amplicon in each
isolate either of 510, 600, 710 or 850bp in sizeeyl further characterized these isolates for tR&LP patterns usinglul restriction endonuclease. The number of
fragments generated upéiul digestion ofcoaamplicons varied from one to three and their sizeied between 150 and 390bp.

Zdzalik et al. (2012) studied 16B. aureusstrains originated from human subjects sufferirapf the followingS. aureuscaused or complicated conditions:
cystic fibrosis (27 strains), pneumonia (26 straingund infection (24 strains), nosocomial infent{@3 strains), skin infection (15 strains), sejf$® strains), urinary
tract infection (eight strains), bone infection@e strains), eye infection (seven strains), upegpiratory tract infection (six strains), cenimalvous system infection
(three strains), and otitis (two strains). Nine ceoensal strains isolated from asymptomatic carneese also included in the study. The analysis redeaigh
abundances (99%) of the aureolysin encodimggene.

The coagulase positiv&. aureugdsolates of human and animal sources were analygdgharibet al. (2013) for detection ofoa gene. The resulted amplicons
were of 648, 723, 812 and 913bp siz@$ which 812bp product was the most frequent acwbanted for 5/15 (33.3%) of the isolates followsd648bp (26.6%),
723bp (13.3%) and 913bp (6.6%).

Moneckeet al. (2013) studied postmortem samples of the two Healge Coagulase-positii aureusvas detected in pure culture from the brain achdys
samples from hedgehog and found to be positivadogene.

Bhatiet al. (2014) subjected 38 isolates®faureusecovered from Holstein-Friesian (H-F) crossbnad Rathi cattle with subclinical mastitis were sdbgd to
coagene amplification and RFLP. Out of 38 isolatdssBains produced single amplicon of either 48, 410, 550, 600, 710, 760, 810 or 850bp whiledhsolates
did not produce angoaamplicon. Results showed higre®a gene polymorphism i§. aureussolated from native breed (eigtatypes) as compared to that in H-F
crossbred cattle (thrematypes). Subsequently, tlwea products were digested with restriction enzyisha for RFLP typing which generated four and sever.RF
patterns with isolates from H-F crossbred and Redltie, respectively. The RFLP patterns obtaimechfsimilar amplicons in isolates from these twedats did not
show any variation.
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Eedet al. (2015) reportedoa-RFLP patterns for 58 MRSA (40 hospital-acquired MRFA-MRSA and 18 community-acquired MRSA/CA-MRSA)he HA-
MRSA strains showed seven distinct RFLP patterms;nhost frequent being pattern 2 (15 isolates)ov@d by patterns 1 and 4 (5 isolates each) andMRSA
strains showed five RFLP patterns; the most fregheimg pattern 3 (7 isolates) followed by patt@ri® isolates).

Puaczet al. (2015) studied 25. aureusstrains isolated from mastitic milk of cows livirig 12 different farms with infected mammary glandd studied
isolates were found positive faur gene.

Xu et al. (2015) studied 28. aureussolates obtained from 209 mastitis milk sampliesoav. All of the isolates carriecbagene with size polymorphism.

Abd El-Hamid and Bendary (2015) studied genotypgciimination of methicillin resistant and suscb[®i133S. aureusstrains obtained from various clinical
infections. Coagulase&@a) typing discriminated the isolates into eight ei#nt groups, whileoaRFLP yielded ten distinct RFLP banding patterns.

A typing procedure based on polymorphism of ¢ba gene was used to discriminate 82aureudsolates obtained from cattle (16) and buffalo) (dastitic
milk. Amplification of coagene produced four differenba PCR products (400bp, 510bp, 600bp and 650bp) fratthe isolates and five different products (400bp,
510bp, 600bp, 650bp and 680bp) from buffalo isslak@om cattle and buffalo isolates five and six_Rpatterns were obtained, respectively. Tbagene amplicon
of 600bp was produced by the maximum number oatssl(Yadaet al.,2015b).

D. Immune evasion §pa-X, spa-1gG, chp and scn gene)

Frenayet al. (1994) used amplification of region-X epagene encoding for C-terminal cell wall-binding f@ia A by PCR to discriminate between epidemic
and non-epidemic MRSA strains and suggested thanger X-region resulted in a better expositiontloé R-binding region of protein A thereby facilitating
colonization of host surfaces and contributing lte epidemic phenotype. Most epidemic MRSA strait% ¢f 33) harbored more than seven repeats, whist m
nonepidemic MRSA strains (10 of 14) contained sewefiewer repeats. They suggested that a longegion resulted in a better exposition of the Fadlrig region of
protein A, thereby facilitating colonization of hasuirfaces and contributing to the epidemic phegrety

Sekiet al. (1998) subjected 119 strains®faureugrom healthy individual to an investigation on th@ducibility of surface protein A. Among theseasts, 69,
43, 3 and | strains were found to have the profegene containing 5, 4, 3 and 2 IgG-binding doma@spectively. On the other hand, only one stras devoid of the
protein-A gene.

In a study on genotyping @&. aureussolated from bovine mastitis involvirgpa-Xandspa-lgGregion of protein A gene Annemullet al (1999) obtained
amplified fragments of 120, 150, 170, 250 and 308kp calculated number of repeats of 3, 4, 5, @ &0, respectively fospa-Xgene. Amplification of thepa-lggene
encoding the IgG binding region revealed sizes28b® for 20 of the isolates and 280bp for fourages indicating, for the latter, a deletion of segta in this region.

Indrajulianto (2000) studied polymorphismsgagene in 16S. aureussolates from bovine and human sources. A gendedeamplicons with a size of 100,
150, 200, 250, 280, 300 and 330bp by that correspaiin the number of repeats of 3, 4, 6, 8, 9, A0 &1, respectively. It was of interest that treesiof the amplified
fragments from human isolates were longer than foorine isolates.

Stepharet al (2001) recorded thgpa-Xandspa-lgGregion of the protein A 08. aureusstrains isolated from bovine mastiipa-Xregion amplicons of 100,
200, 280 and 300bp with repeats of 2, 6, 10 andeshectively. The PCR amplification of the geneodirgy the IgG-binding region of protein A reveakedize of
920bp for most of the isolates investigated. Howgethe protein A gene of three cultures revealedraplicon size of 750bp.

106



Molecular typing of methicillin resistar@. aureudoy protein A gene sequencing was carried out bamilet al. (2002) who suggested thepatyping would
prove useful in epidemiological study in MRSA idela

Salasiaet al. (2004) studieds. aureusstrains obtained from bovine mastitis for variaidn spa-Xandspa-lgGregions. Amplification of the X-region apa
gene of thes. aureussolated from bovine from Central Java, Indonasiawed two different sized amplicons of 270 ando@2f@r six and ten isolates, respectively. On
the other hand, nine different sized ampliconsGff, 1150, 200, 230, 240, 250, 270, 290 and 340bp weserved for 8, 1, 1, 1, 2,1, 1, 2 and 2, rasmdg for S. aureus
isolated in Hesse, Germany. PCR amplification ef glene segment encoding the IgG-binding regionratep A revealed a size of 900bp from 32 of thaates
investigated from Central Java, Indonesia and H&sanmany. However, the protein A gene of threéuce$ from Hesse, Germany revealed an amplicoro$iz80bp.

On the basis of the size of corresponding PCR mtsdl00-320bp of amplifiespagene, 2-11 repeats were supposed to be prestet genes investigated. The
isolates showed 8, 9, 10 and 11 repeats most findgu@0.39%, 15.53%, 14.56% and 16.50%, respdgdiand seven or less repeats were found only # 88 the
isolates by Kuzmat al.(2005).

Rooijakkerset al. (2005) showed thacnis human specific and does not affect cow, goasharep complement. The chemotaxis inhibitory pno(€HIP)
encodes a modulator of chemokine responses thagmeneutrophil chemotaxis and activation.

van Wamelet al. (2006) studied 85 randomly selected clinical sgaand five classical lab strains to assess tlypdrecy distribution of-hemolysin filb)-
converting bacteriophageRG-ps). ThepC-ps were found in 80 (88.9%) of tise aureusstrains, containing seven different IEC types mamehrough G. Type Bs@k-
chp-scn showed the highest prevalence and was found i(2@4%) strains., The CHIPS was present in 516(.of these strains, and staphylococcal complement
inhibitor (SCIN) was present in gliC-p-containing strains. Thecnandchp genes are found in 6/7 and 3/7 sequergeaureusstrains, respectively. Analyses of these
sequenced genomes showed that bottandchpare carried bC-ps, formerly known as double- and triple-convertaigges.

Molecular characterization of &k aureussolates from mastitic milk of buffalo, cattle,ine and caprine origin by pulsed-field gel eleclroyesis (PAGE)spa
typing, and multi-locus sequence typing revealed distinct clonabpatypes (Aires-de-Souset al.,2007).

Kaloreyet al, (2007) studied a total of 37 strainsSfaureuswvere isolated during processing of 552 milk sampfem 140 cows suffering with subclinical
mastitis. The amplification of the gene segmenbdirg the IgG binding region of protein Ap@ revealed a size of 590, 810, and 970 bp in 1Arib7 isolates from
5, 5 and 4 farms, respectively, and gene polymsrphiias noted in isolates from four farms. The Xeaedinding of thespagene produced an amplicon of 220, 253,
and 315bp in 10, 9, and 7 isolates, respectively.

Kumagaiet al. (2007) studied quadruple or quintuple conversibaomandchp genes by bacteriophages in non-beta-hemolysingoind bovine isolates @.
aureus In 13 of 43 non-beta-hemolysin-producing bovis@ates, thecnandchpgenes were detected in 13 and 4 of the 13 isolasgectively.

Sunget al. (2008) compared 58. aureussolates that caused infection in cows, horsedsgsheep and a camel with 161 hurBamureussolates from healthy
carriers and community acquired infections in thefor genes carried on mobile genetic elements ([g)GEch ascnandchp. Thescnandchp gene was found in 154
(96 %) and 134 (83%) of human isolates and 12 (25b8d 8 (14 %) of animal origin isolates, respestiv This finding suggested that handful of suchageor gene
combinations might be responsible for host spétific

Fariaet al.(2008) carried out maja@patyping methods for a diverse collection of 1®8aureustrains and found 98 distingpatypes.
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Reinoscet al. (2008) analyzed 4S. aureusstrains genotypically obtained from humans, bognleclinical mastitis and food samples. The PCRIidiogtion of
the gene segment encoding IgG binding region dieptdA revealed a size of approximately 900bp f2iisblates and a size of approximately 700bp (fepeats) for
three of the investigated isolates. The amplificatib the gene segments encoding the X region deprd\ revealed typical size polymorphisms randirmgm 100 to
315bp (2-10 repeats). Strains isolated from hunhadsdifferent size amplicons and consequently diffenumbers of repeats compared to the straitatésbfrom
bovines and food samples. Twelve (80%) bovine rmgsirains showed 300 and 280 bp indicating thairs of this origin possessed 10 and 9 repeats(75%)
strains isolated from food samples had 300 and @aftplified fragment indicating that food sampliaias possessed 10 and 11 repeats.

Coelhoet al. (2009) studieds. aureusstrains obtained from bovine mastitis. The amgifion of X-region yielded a single amplicon fockasolate with the
prevalent amplicon size being of 250bp for 10 s8d38%), 280bp for nine strains (14%) and 180bpefght strains (47%) and the PCR amplificatiortled gene
encoding the 1gG-binding region of protein A rexashV00bp bands for most of isolates and only twtaies with 900bp.

Bystronet al (2009) characterized @8 aureufrom cow’s milk and reportegpatypes containing three and six to 14 repeatsaleslharbored eight, ten, and
twelve repeats were observed most frequently (38,&8.41%, and 13.23% respectively).

Mehndirattaet al. (2009) carried out molecular typing of methicilliesistantS. aureusstrains by PCR-RFLP afpagene, each RFLP pattern confirmed the
length of these restriction fragments due to vemmsin 24 and 174 tandem repeats.

Bhanderiet al. (2009) studied total 43. aureusvere isolated from 121 clinical and subclinicalstités cases of cows and buffaloes. The PCR arogtifin for
thespa-lgGgene encoding the IgG binding region of proteipiédided a product size of 920bp for 38 isolateslevhiisolates revealed a product size of 730batotig
polymorphism of this gene.

Momtazet al. (2010) studied 8&. aureusrom bovine mastitis milk samples, of which 69lé&es contained IgG binding region gespd-1gQ with 920bp size
and 22 isolates contained X region coding gepa-Q protein A with 320bp size without any polymorphis

Protein A encoded bgpagene, is one of the virulence factors involvedha staphylococcal pathogenesis. It has been sieghdsat the number of 24-bp
tandem repeat units along the X region ofshagene correlates with the virulence level of thaiss. They reportespatyping of MSSA isolates with amplicon size of
170-350bp whilespatyping of MRSA isolates ranges from 210 to 370Kpr(endaet al,, 2010).

Salem-Bekhitet al. (2010) investigated 68. aureusstrains isolated from 456 milk samples obtainexinfr.l20 dairy cows from eight different farms fpa
gene. A single DNA band of 920bp was developed with PCR amplification of thepa-lgGgene segment in most investigated isolates. Howéfneee cultures
revealed an amplicon size of 750bp. The PCR arogtifin of the X-region of thgpa-Xgene yielded a single amplicon in each isolater Bdferent sized amplicons of
290, 280, 200 and 100bp were developed in 33, 88d97 out of 68 isolates, respectively.

Ikawatyet al.(2010) investigated 76 isolates of tBeaureussolated from bovine mastitis where one isolats feaind to be positive facn and chgenes.

Proiettiet al. (2010) studied characteristics of 130aureussolates from 1257 quarter milk samples colledtech 320 cows from seven dairy farms suffering
with subclinical mastitis. The PCR amplification tife spa-IgG gene segment revealed 80 (47%) and 70 (41%) sttairproduce 970bp and 810bp amplicon
respectively. However, PCR amplificationsgfa-Xgene yielded a single amplicon of 253bp in allates.

Kumaret al. (2011) isolated 107 strains 8f aureusrom mastitic milk samples from 195 infected uddefsahiwal cattle. Amplification of thepagene (X-
region) showed seven amplicons of 3, 4, 7, 8, Garid 11 repeats. The most frequent number of repead eight (in 57.9% of the isolates) followedseyen (17.7%)
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and nine (15.8%). Polymorphic band patterns wese abserved ispa-lgGgene. The sizes of the amplicons for Ig-bindingegerere 500 (in 14.9% of the isolates),
1000 (55.1%) and 1100bp (29.9%).

Karahanet al. (2011) studied 93. aureudsolated from 400 subclinical mastitis affectediines. In PCR amplification dfpa-lgG most of the isolates (n=67,
72.8%) produced amplicons at the molecular len§jthpproximately 920bp, while the remaining 25 ise$a(27.2%) formed bands at the size of approximat&Obp
and PCR amplification afpaX-region gene recorded amplicons of approximatél§, 1140, 170, 190, 220, 240, 270, 290 and 320bip &4, 5, 6, 7, 8, 9, 10 and 11
repeat units, respectively.

El-Jakeeet al. (2011) studied 1%. aureussolates (9 from bovine and 10 from human)dpagene and obtained different PCR products in singing from
approximately 423 to 658bp and 396 to 462bp inm®@nd human isolates respectively.

Coelhoet al.(2011) studied 5&. aureussolates obtained from milk samples from subchhimastitis cases identified in 15 dairy cattlarfar The amplification
of thespaX gene yielded a single amplicon of 315bp for eiackate.

Verkaik et al. (2011) studied the presence of the IEC-carryinggdsaphages in human and aningalaureussolates, using PCR for the gene encoding SCIN
(scn. TheS. aureusmmune evasion cluster (IEC), located fBzhaemolysin-converting bacteriophagB€®s), encodes the immune-modulating proteins chen®tax
inhibitory protein ofS. aureugCHIPS), staphylococcal complement inhibitor (SEI8taphylococcal enterotoxin A and staphylokindseman isolates were obtained
by collecting serial nasal swabs from 21 persistamtiers.S. aureusstrains from 19 (90%) persistent carriers conthiap IEC while 77 infectious animal strains
included in the study, only 26 strains (34%) wé&t€positive.

Singhet al (2011) carried outpatyping of S. aureussolates from intra-mammary infections of catttel duffalo. They recorded variations in variablenter
of repeats irspagene in all the isolates. Amplification spagene showed different amplicon (3-12 repeats)ntbhet common number of repeat was eight (57.9%)
followed by seven (17.7%) and nine (15.8%) in Saligattle whereas in Karan fries the frequent nunalb@epeats was seven (45.3%) followed by eigBt@%) and
nine (7.0%). In Murrah buffalo the frequent numberepeats was seven (53.2%) followed by eightq®j.and six (10.8%).

From bovine mastitis 58 isolates $f aureusvere typed by Saei and Ahmadi (2012). They orbtegs of polymorphism characterization of the gemeoding
for the X-region of protein Agpg observed five differently sized amplicons of appmately 1,200bp to 1,410bp. ThkpageneHin6l digestion produced a total of
eight distinct patterns, designated as S1-S8. Aindisgenotype (S9) had no amplification of the gemhe majority of isolates were classified isfoatypes S2
(24.14%) and S6 (24.14%).

Suleimaret al. (2012) studied 28. aureussolated from milk samples from the cows. All 2@ strains yielded uniform amplicon sizes of appr@tely 300bp
for spa-Xgene whereas 18 strains yielded amplicon siz®@bp and two strains 750bp fgpa-lgGgene.

The analysis of the size polymorphism of fragmentf$pagene revealed high genetic differentiation ofdhalyzed group of isolates. The number of repeats
of the 24 nucleotide sequence varied between 2l4nd the analyzed group of isolates and mostglegn strains, constituting 19.7%, 20.5% and 1308%ll strains
tested, had 10, 11 or 12 repeats, respectively gri8aS. aureusstrains isolated from cows with mastitis (Szwedal.,2012).

Khicharet al (2012) in a study on characterizationSfaureusof cattle mastitis origin carried out PCR ampéfion of X-region forspagene wherein they
obtained seven different sizes of amplicons (2@8, 262, 277, 292, 306 and 339bp ) with calculatedber of 7, 8, 9, 10, 10, 11 and 12 repeats. Téggrted all these
isolates to be highly pathogenic on the basis aiflmer of repeats.
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Cunyet al. (2013) reported that methicillin-susceptileaureugMSSA) attributed to clonal complex (CC) 398 amtibiting spatype t571 received attention
in Europe and in the USA for being associated whiere infections in humans. They suggested th#tisspa-type was exhibited by livestock-assodigteA)
methicillin-resistantS. aureugMRSA) as well, it was important to discriminaté&-Land human-derived strains by PCR-based methbus.MSSA t571 contained
phage int3 carryingcnandchpgenes, whereas LA-MRSA t571 lacked these markers.

The spagene was found in all of the isolatesSfaureudrom bovine mastitis, with varying amplicons siz880bp being the prevalent size by Margeeal.
(2013).

Memonet al. (2013) studied 34. aureudsolated from bovine subclinical mastitis from a8 China. ThespaXgene was found in all isolates with 150bp -
315bp product size argpa-lgGgene found in 79% isolates with 900bp -1000bp. size

In a study by Nathawat (2013), the variable amplisizes of 200, 240, 250, 290, 300, 320, 330, 380, 400 and 650bp with calculated number of repef?,
9,9, 11,11, 12,12, 13, 14, 15, and 26, respagtivere recovered fapa-Xgene inS. aureussolates from caprine mastitic milk.

Bhati (2013) investigatedpa-Xgene inS. aureusrom subclinical mastitis of crossbred cattle dathi cattle. Of the 16 isolates from crossbredlesal5
producedspaamplicon with 200bp, 160bp and 150bp size andutatied number of 6, 5, 4 repeats, respectively. Ml 22 isolates from Rathi cattle were of greater
variability than that in isolates from crossbrettleaas the sizes @&paamplicons were 280, 250, 240, 200, 190, 180, 130,and 140bp with 10, 8, 8, 6, 6, 6, 5, 4 and 4
repeats, respectively.

Gomezet al. (2014) studied 13%. aureusf faecal origin from 101 wild small mammals. @iitl3 isolates two were MRSA and 11 were MSSA. €hselates
were positive foscn(two MRSA and one MSSA) and one MSSA isolate veamél to be positive facthpgene.

Xu et al. (2015) studied 28. aureussolates obtained from 209 mastitis milk sampliesowv. During the study thgpa-Xandspa-lgGwas found in 27 (96.4%)
and 28 (100%) isolates with polymorphism of varabtoduct size respectively.

Yadavet al. (2015c) studied 32 isolates from cattle (16) anfiabo (16) which were divisible into sevepa-Xtypes with amplicon sizes ranging between 120
and 380bp. The cattle isolates produced sevenreiiffespa amplicons of 120, 150, 200, 250, 280, aad, 330bp with 3, 4, 6, 8, 10, 11 and 12 numberofiem
repeats, respectively. Whereas buffalo isolate® wefisible into five spa types with amplicons &01 200, 250, 330 and 380bp having calculated nuwibepeats of
5,7,9, 12, and 14, respectively. Of the totdkits, 24 were considered pathogenic on the bhgi®i@ than seven tandem repeats.

Puaczet al. (2015) studied 2$5taphylococcus aurewssrains isolated from mastitic milk of cows liviimg12 different farms with infected mammary glan@sit
of total isolates, nine (42.85%) and six (28.57%b)dtes possessetlpandscngene, respectively.

Sarrouet al. (2015) studied a large collection $f aureusncluding 745 clinically significant isolates fromnmimals and humans. Based on the molecular
markers, the 17 CC398 strains were equally placdhd livestock-associated (9 isolates) and irhilman clades (8 isolates), which were further attarized forscn
andchp gene. Out of total 17 isolates, all livestock atsed isolates were negative for battn and chp genes while eight and five isolates of human arigere
positive forchpandscngenes respectively.

E. Plasminogen activator/ Staphylokinasesgk gene)
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Staphylococcus auretms many specific proteins (SAK, SCIN, CHIPS, SpA 8bi) that can have profound impact on the inaattadaptive immune system.
The staphylokinase (SAK)/ plasminogen activatotdacs a one of them important protein. Staphylakm not only function by binding tedefensins to prevent their
bactericidal activities but also forms an equimolewmplex with human plasmin (huPli) catalyzihg further activation of plasminogen (Behnkéal., 1987).
Expression of staphylokinase govern by slaé gene, thesak gene has a highly conserved sequence and isccami@ bacteriophage containing other genes with an
important function in immune evasion, such as cemeint inhibitory factors and enterotoxins. SAK va®wn to enhance the breaching of tissue barnmexstio
(Colemaret al.,1989; Kimet al.,1997).

Although the direct role of SAK as a potential \@mce factor irS. aureuslisease remains unresolved but the role of SAitesent in the large majority &
aureusstrains causing human infection. In contr&staureusstrains from veterinary sources commonly lack S#&duction (Jiret al.,2003).

van Wamelet al. (2006) studied 85 randomly selected clinical agand 5 classical lab strains to assess the fnegudstribution offC-ps. ThepC-ps were
found in 80 (88.9%) of th8. aureusstrains, containing seven different IEC types mhuAehrough G. Type Bs@k-chp-schshowed the highest prevalence and was
found in 24 (26.7%) strains. Concerning the virgkefactors, SAK was present in 69 (76.6%) strains.

Kumagai et al. (2007) studied quadruple or quintuple conversidnsak genes by bacteriophages in non-beta-hemolysinggiod bovine isolates of
Staphylococcus aureum 13 of 43 non-beta-hemolysin-producing bovis@ates, the staphylokinasal gene was detected in all 13 isolates.

Moneckeet al. (2007) studied thaBtaphylococcus aureuis a common pathogen which can colonise and infettonly man, but also domestic animals.
Especially, infection of cattle is of high economélevance a$. aureuss an important causal agent of bovine mastitise @undred and twenty-eight isolates from
bovine mastitis were studied. Out of total isol&88s1% were found negative feakgene.

Sunget al. (2008) compared 56 UK. aureugsolates that caused infection in cows, horsestsgseep and a camel with 161 hur@araureudsolates from
healthy carriers and community acquired infectionthe UK forsakgene carried on mobile genetic elements (MGEs3.sBlkgene was found in 134 (83%) of human
isolates and 11 (20 %) of animal origin isolatesetestingly sakgene carried on mobile genetic elements (MGESs)lasscommon in anim&. aureussolates. These
finding may also suggested that handful of suclegem gene combinations may be responsible fordpestificity.

Ikawatyet al.(2010) investigated 76 isolates of tBeaureussolated from bovine mastitis. Only one isolatessvi@und to be positive f@akgenes.

Stastkoveet al. (2011) reported thatak gene was found in all (45) studi&d aureugsolates producing food-borne intoxication fromateneat products from
year 2005 to 2008.

Verkaik et al. (2011) studied the presensak gene by locatingtaphylococcus auretuimmmune evasion cluster (IEC) carryisgk gene, among human and
animal origin isolates. Nasal swabs from 21 pegsistarriersS. aureusstrains from 19 (90%) persistent carriers conthimgakgene while 77 infectious animal strains
included in the study, only 26 strains (34%) wsskgene positive.

Cunyet al. (2013) studied methicillin susceptitaphylococcus aure MSSA) attributed to clonal complex (CC) 398 amdlibiting spatype t571 associated
with livestock and human and reported that north@human and animal origin isolate was positives&kgene.

Peetermanst al. (2014) studied the role of plasminogen activatignSAK in a skin infection model in mice and foutldht SAK-mediated plasmin activity
increased the local invasiveness of S. aureusinigaal larger lesions with skin disruption as wadldecreased bacterial clearance by the host.
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Gomezet al. (2014) studiedtaphylococcus auretiaecal carriage in 101 wild small mamméads.aureusvas detected in 13/101 studied faecal samplesoDut
thirteen isolates two were MRSA and 11 were MSSA0 ™MRSA isolates were positive feakwhile all MSSA isolate were found negative gakgene.

Sarrouet al. (2015) studied a large collection $faphylococcus aureuwscluding 745 clinically significant isolates froamimals and human origin. Based on the
molecular markers, the 17 CC398 strains were egpdced in the livestock-associated (9 isolates)) ia the human clades (8 isolates), which furttieracterize for
sakgene. Out of total 17 isolates, all livestock ass#ed isolates were negative while three isolfitea human origin were found to be positive $akgenes.

Puaczet al. (2015) studied 285taphylococcus aurewstrains isolated from mastitic milk of cows living 12 different farms with infected mammary glan@sit
of total isolates, six (28.57%) isolates were pesitor sakgene.

F. Toxins (hla, hlb, hld and tst gene)

Aarestrupet al. (1999) found that thibla gene encoding-haemolysin was detected in all isolates from huarahbovine sources with a significant difference i
the prevalence of thab gene encodinf-haemolysin between the bovine (96%), human ca®i&¥) and isolates from septicemia (57%).

Thehla, hlb and tsgenes were detected in 100% (128/128), 38% (7Y/@00 28.6% (45/157) of the studi&d aureudsolates obtained from patients with
bloodstream, catheter tip, bone or joint,pmagory tract, ocular, soft tissue, wound, akioh human infections by Boott al. (2001).

Jarraudet al. (2002) studied 198 S. aureus isolates obtained froman disease samples and it was found that 180l&&es were carrgla andhld gene while
only 27% and 10% isolates were positivet&itandhlb gene respectively.

All the S. aureudsolates of bovine mastitic milk samples from @ehjava, Indonesia (n=16) and Hesse (n=19), Geynpaissessetlla gene whilehlb gene
was found for six cultures from Central Java, abdWltures from Hesse. For tt&t gene, 11 isolates of Hesse were positive whileeradrthe isolate from Central Java
was found to be positive (Salagal.,2004).

Ando et al. (2004) studied 109 MRSA isolates from human suffgfrom urinary tract infections. Frequency ldf, hlb andtst gene was recorded as 89
(81.7%), 73 (67%) and 79 (72.5%) respectively.

Marconiet al.(2005) demonstrated the presence ofildegene in all three (10098. aureusstrains obtained from human clinical samples.

In an investigation El-Sayest al (2006) detected that none of clinical and suledihmastitis isolate havinigt gene while all (100%) were positive fola. The
hlb gene was found in all 28. aureussolates (100%) obtained from clinical mastitisiam 13 isolates (81.3%) of subclinical mastitis.

The genes for haemolysins alpha, beta delta, amingawere found in 97.4%, 76.7%, 87.9, and 88.8%@f116 strains isolated at the onset of mastitis a
64.6% of theS. aureussolates were positive for all genes, and 81.9tlio, hid, andhlg (Haveriet al.,2007).

Staphylococcus aureusolates collected from intramammary infectionsnirtwo separately managed dairy herds were analyyddaveriet al. (2008) for
molecular typing and genetic profiling. The mostyalent genes wetda andhlg in herd | andla, hid andhlg genes in herd Il. The other genes were also limkigun
the herds. No connection between specific virulgigrees and the origins of isolates was found irsthey.

Ohkuraet al. (2009) studied 208 MRSA strains of human origionir 100 hospitals throughout Japan. The occurrehdddp hla, hlb and tstgenes were
recorded as 203 (97.6%), 202 (97.1%), 176 (84.6%)167 (80.3%) of the studied isolates respectively
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Ikawatyet al. (2010) investigated 76 isolates of Beaureussolated from bovine mastitis. Tinb gene was reported in 100% isolates wistegjene was found
in only 15 (19.7%) isolates.

Kateeteet al.(2011) studied 48. aureussolates from human clinical infections and it viagnd that 100% (41) isolates were cértg andhld gene while only
10% (4) isolates haist gene.

Argudin et al. (2011) studied 65taphylococcus auredsom bloodstream (n=31) and wound (n=31) infectiam geriatric patients attending a long-term care
Spanish hospital from 1996 to 2006 and reporte(l6@%), 40 (64.5%), 62 (100%) and 18 (29.0%) o@we ofhla, hib, hid andtsttoxin gene respectively.

Singhet al. (2011) identified 1075. aureussolates from sahiwal, 128 isolates from Karaadrand 111 isolates from Murrah buffalo and furittezcked the
prevalence of toxic genes. Tl#a gene responsible for alpha haemolysis was foundllinthe isolates with 550 bp amplicon size, wisralb gene was most
predominantly found in Sahiwal (94.6%), followed lgran-fries (82%) and Murrah (72.1%) with simiganplicon size of 840bp.

Delgadoet al.(2011) studied 30 human and bovine mastitic milgio S. aureussolates for toxin and other virulent genes. Is@und that, all (100%) isolates
were positive fohla andhld genes while only 15 (50%) isolates havilg gene and four (13.3%) isolates were positivagbgene.

Characterization of pathogenic factors of 107 sgafS. aureussolated from milk samples was carried out by Kugtaal (2011) who recorded that more than
90% of the isolates possessed andhlb gene with amplicon size of 550 and 840bp, respagtiwhile none of the isolate was found positigetgst-1gene.

Coelhoet al.(2011) found 24 and 16%. aureussolates from bovine subclinical mastitic milk fin® for hla andhlb genes, respectively.

In the study by Salaskt al. (2011), of the 45. aureussolates from bovines, humans, and food origifo&# the isolates from bovine origin and 73% of the
isolates from human origin harborblh gene whereas all the Strains (100%) from foodcsuwere positive fdrla.

Almost all isolates of5. aureusassociated with bovine mastitis harbohda (98.7%),hlb (99.1%) anchld (100%) genes, coding for the alpha, beta, and-delt
haemolysins, respectively (Ce¢¢al.,2011).

Amplification of the gene encoding haemolysinSthphylococcus aureusas carried out by Ariyanet al. (2011) with specific primers and detected nine
isolates (81.81%) to possddsa gene and two isolates (18.18%) with bbth andhlb genes. Théla andhlb had a single amplicon with a size of approxima&dgbp
and 833 bp, respectively.

The study of 12%. aureussolates for detection of the hemolysin gene typ&Vanget al. (2011) revealed that 47 (34.88%) of the isolatesspssedlila gene
while 55 (42.6%) isolates posses$dlligene, 27 isolates had both the genes (20.93%g WBi[40.20%) isolates had neitida andhlb genes.

Yanget al (2012) studied 39. aureusstrains isolated from bovine clinical mastitis.€ftla gene was the most widespread gene found in 33)(§6%wed by
hib gene 32 (82%) and 1(3%) isolates castyene.

In the study by Gharsat al. (2012) 50S. aureusstrains were isolated from nasal swabs of donkbghla andhld genes were found in 100% isolates whille
gene was present in 70% isolates tatdene was detected in the 12% isolates

A number of 34S. aureusvere isolated from bovine subclinical mastitisnfr&astern China by Memaet al. 013) for detection of various genes associated
with virulence factors. They found thala andhlb genes were detected in 85% and 71% of the isolassectively.

Alfatemi et al.(2014) isolated 345 isolates f aureudrom clinical specimens of patients referred tcténg hospitals of Shiraz. The frequency offite hid
andtst genes were 93.15%, 84.24% and 11.64% respectiVieé/greatest coexistence of genes was observéaefdita +hld gene combination (48.83%).
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Kim and Lee (2015) studied Ataphylococcus aureusolated from periodontitis patients. The frequeattoxin genes were reported as 41 (100%), 494(98
and 4 (10%) fohld, hlaandhlb gene respectively.

Xu et al. (2015) studied 28. aureusdsolates obtained from 209 mastitis milk sampliescav. During the study thiela andhlb was found in 27 (96.4%) and 26
(92.9) isolates respectively. But none of the imsaarry super antigasst-1gene responsible for Toxic shock syndrome toxin-1.

Tkalecet al. (2015) isolated 4 Btaphylococcus aureuwsdrains from mastitic milk of cows and found ta#it(100%) strains were positive fota andhld genes
followed by 35 strains (74.5 %) had thib gene and ten strains (21.3 %) were positivadigene.

Yanget al.(2015) studied 37 strains 8t aureusesistant to penicillin obtained from bovine méstiTheir investigation found frequencytst, hla, hlp andhld
gene as 5.4%, 70.3%, 73.0%, and 70.3% respectively.

Oliveiraet al. (2015) studied a 128. aureussolates obtained from hospitalized patients. Tbi2 (91.1%) isolates were positive fdb andhld gene while 16
(13%) and 42 (34.1%) isolates were positivehlarandtst genes respectively.
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3. MATERIALS AND METHODS
3.1 Materials

3.1.1 Chemicals and reagents

1. Agar-agar type 1 (SRL)

2. Agarose, for molecular biology (SRL)

3. Alul restriction endonuclease (Promega)

4.  Barium chloride (Glaxo Lab. Chemical division)

5.  Basic fuchsin

6. Beef extract (Titan biotech)

7. Boric acid, Mol. Biology grade (SRL)

8.  Bromocresol purple solution(0.05%w/v)(Sarabhai @icals)
9.  Bromophenol blue (s.d. Fine Chemical Pvt. Ltd.)

10. Bromothymol blue - pH indicator, powder (BDH)

11. Buffer tablets, pH 7.0 (Glaxo Lab., Fine Chemicals)

12. Cefoxitin supplement (FD259)

13. Cetyl trimethyl ammonium bromide ( SRL)

14. Chloroform (Qualigens Fine Chemicals, Glaxo Lab.)
15. Citric acid (Merck)

16. Crystal violet (Glaxo Lab., Chemical Division)

17. Dipotassium hydrogen phosphate (Central Drug H&wsel td.)
18. Dipotassium phosphate (Glaxo)

19. EDTA 99% (Sigma)

20. Ethidium bromide (SRL)

21. Ethyl alcohol (Jai Chemical & Pharma Works)

22. Ethylene diamine tetra acetic acid disodium sali{E&)

23. Formaldehyde (Qualigens Fine Chemicals, Glaxo Lab.)
24. Formamide (Hi-Media)

25. Go Tag® Green Master Mix (M7123) (Promega)

26. Glacial acetic acid (Qualigens Fine Chemicals, Glaab.)
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27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

Glycerol (Hi- Media)

D-Glucose (Sarabhai M. Chemicals)

Hinfl restriction endonuclease (Promega)
Hydrochloric acid (Qualigens Fine Chemicals, Glaab.)
Hydrogen peroxide 3 per cent (BDH)

Isoamyl alcohol (Merck)

Lysozyme (SRL)

Magnesium chloride (Bangalore Genei)

Mannitol salt agar (Sarabhai M. Chemicals)
D-Mannitol, G.R. (Hi-Media)

B-Mercaptoethanol (Sigma)

MeReSa Selective Supplement (FD229)

Methanol (Qualigens Fine Chemicals — Glaxo divigion
Molecular marker, 20bp DNA ladder (Bangalore Genei)
Molecular marker 50 bp DNA ladder (Promega)
Molecular marker 100 bp DNA ladder (Promega)
Molecular marker 500 bp DNA ladder (Promega)
Molecular marker 1kb DNA ladder (Promega)
Mueller-Hinton agar medium (Hi-media)

a-naphthol

Normal saline solution

Peptone - Bacteriological (s.d. Fine. Chemical Bid.)
Phenol (Qualigens Fine Chemicals, Glaxo Lab.)
Phenol red — pH indicator powder (s.d. Fine. Chah#wt. Ltd.)
Potassium Hydroxide (s.d. Fine Chemical Pvt. Ltd.)
Primers (Table No.-3) (Sigma)

Propan-2-ol (Qualigens Fine Chemicals, Glaxo Lab.)
Proteinase K (SRL)

Safranine (s.d. Fine Chemical Pvt. Ltd.)

Sodium carbonate (Hi-Media )

Sodium hydroxide (1N) solution
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58. Sodium chloride (Glaxo Lab. Chemical Division)
59. Sodium citrate (British drug houses, Lab. Chemiialsion)
60. Sodium hydroxide pellets (CDH)
61. Sodium perchlorate (1M)
62. Sulphuric acid (Qualigens Fine chemical, Glaxo lab.
63. N'N'N’N’-tetramethyl-p-Phenylenediaminedihydrochide (Himedia)
64. Tris (Hydroxymethylaminomethane) (SRL)
65. Xylene cyanol (SRL)
3.1.2 Other material
Plasmas from different animal species such as slgeap, poultry, cattle, camel and human for coaggitest.
Sheep blood for blood agar
Antibiotic discs (Table No.-1, Hi-Media)
MIC strip of mentioned antibiotics (Table No.-2 -Media)
Cattle and Horse erythrocyte

.1.3 Stains

W AWM R

1. Gram's stain
3.1.4 Bacteriological Media
(a) Nutrient agar medium

Following ingredients were dissolved in one litfedouble glass distilled water to prepare the mexiu

Peptone 10.0g

Beef extract 500

Sodium chloride 50¢g

The pH of the medium was adjusted to 7.2 and agar&ype 1 was added at the rate of 2% and it wexckaved at 12C at 15 Ib pressure for 15 min. The
prepared medium was then dispersed in glass tesgiand stored in refrigerator 8€4The plates were incubated for 24 h to checksthslity before storing in the
refrigerator.

(b) Sheep Blood agar medium
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Nutrient agar medium was prepared and autoclasezbave to prepare blood agar. Sheep blood cdleseptically was mixed well in the nutrient agathe
rate of 5% (vol/vol) after the temperature of thedinm was brought down to 0. The medium was then distributed in sterilizettiggates.

3.1.5 Media used for metabolic and biochemical reéons

(@) Mannitol salt agar medium
The following ingredients were mixed and dissolird00 ml of glass water:

Peptone 10.0g
Beef extract 10g
Sodium chloride 75.049

Phenol red 0.025¢
The pH of the medium was adjusted to 7.4. Agar-&gae 1 was added at the rate of 2% for final vauand volume of the medium was made to 800 ml with

distilled water, then autoclaved at *€1for 15 min. A 200 ml of 5% D-mannitol solutiongmared in glass distilled water and sterilized sspdy at 10 lbs pressure for
15 min, was added to the basal medium before pgpimisterilized petri dishes.

(b) Medium for haemolysis
To study the pattern of haemolysis sheep blood mgaium was prepared.
(c) Medium for toxin production (Semi-solid agar melium)

The medium was prepared by dissolving the followmg00 ml of double glass distilled water:

Peptone 10.0g
Sodium chloride 504¢g

Beef extract 10.0g
The pH of the medium was adjusted to 7.2 and agar&pe 1 was added at the rate of 0.75% for fieddlme of medium. The volume was made to one litre

and then autoclaved at Z1for 20 min. After sterilization, it was allowed tool down to 4%C in a water bath before pouring into the sterd&ipdishes.

(d) Mueller-Hinton agar medium

Readymade Mueller-Hinton agar medium used for &otitb sensitivity tests and MIC pattern, was preghas per the instructions of manufacturer and
autoclaved at 12C for 15 min, distributed in sterile petridisheslatored in refrigerator af@ until used.

(e) Medium for slime production (Congo red agar)

The medium was prepared by dissolving the followmg00 ml of double glass distilled water:
Blood Agar Base 2 40.0¢
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Glucose/Dextrose 10.0g

Congored dye 04g¢

The pH of the medium was adjusted to 7.2 and agardype 1 was added at the rate of 2% for findwme of medium. The volume was made to one litek an
then autoclaved at 12 for 20 min. After sterilization, it was allowed tool down to 4% in a water bath before pouring into the sterégipdishes.

() MeReSa Agar Base

Readymade medium supplied by Hi-Media with follogvingredients was used

Casein enzymic hydrolysate 10.0 g/l
Meat extract 5.0/l
Glycine 10.0 g/l
Sodium pyruvate 10.0 g/l
Lithium chloride 5.0 g/l
Mannitol 10.0 g/l
Sodium chloride 10.0 g/l
Indicator mixture 0.13 g/l
Agar 20.0 g/l
Final pH (at 25°C) 7.1£0.2

In 500ml distilled water 40.06 grams of medium waspended and then heated medium completely.i&driby autoclaving at 15 Ibs pressure (121°C)for
minutes. Cooled to 45-50°C and aseptically addexdestrehydrated contents of 1 vial of MeReSa $elesupplement (FD229) and Cefoxitin supplemem2$9) both
in combination for more selectivity. Mixed well apdured into sterile petri plates.

3.1.6 Antibiotic discs (Hi-Media)

In the present investigation various categoriesmibiotics were used in order to study the angjam forS. aureussolates as described below:
i. Aminoglycosides:Gentamicin and Tobramycin
ii. Beta-lactam antibiotics:

a. Beta-lactamase resistant penicillins - cloxiagithethicillin and oxacillin

b. Broad spectrum penicillins- ampicillin and pipeitlin

c. Narrow spectrum penicillins- penicillin G

d. Carbapenems- imipenem, faropenem and meropenem

e. Monobactams- aztreonam

f. Carboxypenicillin- ticarcillin
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iii. Cephalosporins:
a. First generation- cefalothin and cefzolin
b. Second generation- cefaclor and cefoxitin
c. Third generation- cefotaxime, ceftriaxone, cefazone, ceftazidime and cefixime
d. Fourth generation- cefepime
iv.  Chloramphenicol
v.  Fluoroquinolones:
a. Second generation- ciprofloxacin and norfloxacin
b. New generation fluoroquinolones- levofloxacin
vi. Glycopeptides:vancomycin
vii.  Macrolides: azithromycin and clindamycin
viii.  Nitrofurans: nitrofurantoin
ix. Oxazolidinone:linezolid
X. Polypeptide: polymxin-B
xi. Tetracyclines:tetracycline and doxycycline hydrochloride
xii.  Antibiotics in combination:
a. ampicillin + sulbactum
cefixime + clavulanic acid
cefoparazone + sulbactam
cefotaxime + clavulanic acid
ceftazidime + clavulanic acid
piperacillin + tazobactam
. ticarcillin + clavulanic acid
The antibiotic discs mentioned in (Table 1) weredufor the determination of antibiogram agaiBsaureugsolates. The concentration of antibiotic per désc
given along with. For all the antibiotics concetitia is given in mcg except for bacitracin and poyxin B for which concentration is expressed intsini

@ oaoo0CT
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Table 1: List of antibiotics used for antibiogram sudy againstS. aureus isolates obtained in the present study.
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S. Antibiotic/Symbol Disc S. Antibiotic/Symbol Disc
No (interpretation zone in mm- content No | (interpretation zone in mm- R/l/S) | content
R//S) (mcQ) (mcg)
1 Ampicillin/AMP *¥( 28/-/29) 10 22 | Cloxacillin/COX' (23/24-33/34) 10
9 Ampicillin + Sulbactum, / A/&™ 10/10 23 | Doxycycline Hydrochloride/ D& 30
© | (11/12-14/15) (12/13-15/16)
3 Az;thr)omycin, AZME (13/14- 15 24. | Faropenem/ FAR(27/-/34) 5
. o © | 17/18
3.1.7 Multiple Antibiotic ;™ "Aztreonam, AT (17/18-20/21) | o 25. | Gentamicin/ GERP(12/13-14/15) | o
All Multidrug resistant [ 5 | Cefaclor/ CF (14/15-17/18) 20 26. | Imipenem/ IPM® (13/14-15/16) 10
Multiple Antibiotic Resistance : :
) 5. | Cefalothin/CEF (14/15-17/18) 30 27. | Levofloxacin/ LE (15/16-18/19) 5
assessment of MDR isolates thjs
given by Krumperman, (1983). 7. | Cefepime/CPNf (14/15-17/18) 30 28. | Linezolid/ LZ" (20/-/21) 15
MAR Index of single isolate| 8 Cefixime/CFM (15/16-18/19) 5 29 | Meropenem/ MRP (13/14-15/16) 10
of antibiotics to which the isolate waSg | Cefixime + Clavulanic Acid/ 5110 30. | Methicilin/ MET® (9/10-13/14) 5
TR ; ; CMC®° (15/16-18/19)
of antibiotics to which the isolate was : : -
10. | Cefoparazone/CPZ(15/16- 25 31. | Nitrofurantoin (NIT%) 14/15-16/17 300
; _ 20/21)
. _GrOUp _MAR index value = a/ 11. | Cefoparazone + Sulbactam 2510 32 | Norfloxacin/ NX°(12/13-16/17) 10
antibiotic resistance score of all ICFS®1°(23/-/30)
T . . . N iC R T N
of antibiotics to which the isolate waks12: Cefotaxime/CTX" (14/15-22/23) 30 33. Oxacillin/ OX (10/11-12/13) 1
isolates in the group 13. | Cefotaxime + Clavulanic Acid |, 34 | Penicilin —G/ P°U) (28/-/29) 10 unit
CECY1°18/-/22 unt
3.1.8 Antibiotic Ezy MIC™ Stri Cefoxitin/CX€ (21/-/22 Piperacillin/ P (17/18-20/21
The antibiotic Ezy MIC™ Stri Ceftazidime (CAZ) 14/15-17/18 Piperacillin + Tazobactam/ PTP™
15. 30 36. 100/10
determination of minimum inhibitory _ — (17/-118) -
L . . . 16. | Ceftazidime + Clavulanic Acid/ 37. Polymxin —B (PB™U) (11/-/12) .
antibiotic per strip is given along with CAC®"9(18/-122) 30/10 300 unit
iven in mcg/ml. Ceftriaxone/CTR (13/14-20/21 Tetracycline/ TE® (14/15-18/19
17. 30 38. 30
Table 2: List of antibiotics Ez Cefzolin/CZ° (14/15-17/18 Ticarcillin (TI”%) (14/15-19/20
18. 30 39. 75
mmlmu.m Inhlbltory 19. | Chloramphenicol/& 30 40. Ticarcillin + Clavulanic Acid/ 75/10
aureus isolates. (12/13-17/18) TCC™™(22/-123)
20. | Ciprofloxacin/CIP (15/16-20/21) 5 41. | Tobramycin/ TOB® (12/13-14/15) | 19
21. | Clindamycin/CB (14/15-20/21) ) 42. | Vancomycin/ VA (14/15-16/17) | 30
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Resistance Index (MAR) value

isolates were evaluated for their
(MAR) index. In an effort for risk
index was calculated as per method

= a/b, where a -represents the number
resistant and b -represents the number
exposed.

(b*c), where a is the aggregate
isolates in the group, b is the number
exposed and c is the total number of

(Hi-Media)

mentioned in (Table 2) were used for the
concentrations. The concentration of
For all the antibiotics concentration is

MIC™ strips used to determine
concentration (MIC) against S.



S. Antibiotics Ezy MIC™ strips Strip content Interpretative criteria in
No. ( Symbol) (mcg/ml) mcg conc. (S/I/IR)

1 Azithromycin (AZI) 0.016-256 <) 4/>8

2. Ceftriaxone (CTR) 0.016-256 <8/ 16-32/>64

3 Chloramphenicol (CHL) 0.016-256 <2/ 4-8/>16

4 Ciprofloxacin (CIP) 0.002-32 <1/ 2/>4

5. Gentamicin (HLG) 0.064-1024 <4/ 8/>16

6. Oxacillin (OXA) 0.016-256 <2/ -1>4

7. Penicillin (PEN) 0.002-32 <0.12/-/>0.25

8. Vancomycin (VAN) 0.016-256 <2/ 4-8/516

3.1.9 Animals and humans for blood collection

For separation of erythrocytes, the blood was ctdlg from cattle and horse, for blood agar prepararom sheep and for coagulase tube test, bloas eollected from
following species for plasma separation:

Cattle: Blood was collected from two healthy cows of noisatet breed.
Sheep: Blood was collected from healthy sheep broughtaaghter house.
Goat: Blood was collected from two healthy goat broughslaughter house.
Camel: Blood was collected from two healthy camels.

Chicken:  Blood was collected from two poultry birds befstaughtering.
Human: Blood was collected from three human volunteers.

3.1.10 Primer sets (Merck):

Following primers and their conditions were usethia present investigation

Table 3: Detail of primers used in the present stug

S. Gene Forward primer sequence (5 to 3°) Size Anmgal Reference
No. Temp.
()
1. 23S F-5'-ACG GAG TTA CAA AGG ACG AC-3 1250bp 55°C (Stubet al.,1999)
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rRNA R-5-AGC TCA GCC TTA ACG AGT AC-3’
2. rep 5'-TCG CTC AAAACAACG ACACC-3 Variable| 37°C (wvaBelkumet al, 1995)
PCR
3. clfA F-5-GGC TTC AGT GCT TGT AGG-3’ 1000bp 52°C (Stephaat al.,2001)
R-5-TTT TCA GGG TCA ATA TAA GC-3'
4. clfB F-5-ACA TCA GTA ATA GTA GGG GGC AAC-3 205bp 55°C (Tristamet al.,2003)
R-5-TTC GCACTGTTTGTG TTT GCA C-3
5. icaD F-5'-AAA CGT AAG AGA GGT GG-3' 381bp 49°C (Vasudeveet al.,2003)
R-5-GGC AAT ATG ATC AAG ATAC-3
6. icaA F-5'-CCT AAC TAA CGA AAG GTA G-3' 1315bp 49°C (Vasudevaet al.,2003)
R-5-AAG ATA TAG CGA TAA GTG C-3’
7. trap F-5-ACA TAA GGG GGA CCT TTC AT-3’ 504 52°C (Gilotet al.,2002)
R-5'-ACC AAT GGAAGT TTT CTT CG-3
8. agr-F F-5-ATG CAC ATG GTG CAC ATG C-3 55°C (Gilott al.,2002)
agrl R-5'-TAT TAC TAATTG AAA AGT GGC CAT AGC-3’ 441bp
agrll R-5-GTC ACA AGT ACT ATA AGC TGC GAT-3 575bp
agrlll R-5-GTA ATG TAATAG CTT GTA TAATAATAC CCA G- | 323bp
3
agriv R-5-CGA TAA TGC CGT AAT ACC CG-3’ 659bp
9. cap5K | F-5-GTC AAA GAT TAT GTG ATG CTACTG AG-3 361bp 55°C (Verdieet al, 2007)
F-5'-ACT TCG AAT ATA AAC TTG AAT CAA TGT TAT
ACA G-3’
10. | cap8K | F-5-GCC TTATGT TAG GTG ATA AAC C-3 173bp (Verdieet al.,2007)
R-5-GGA AAA ACA CTATCA TAG CAG G-3
11. | coa F-5-ATA GAG ATG CTG GTA CAG G-3’ Variable | 57°C (Hookewgt al.,1998)
R-5'GCT TCC GAT TGT TCG ATG C-3
12. | aur F-5-GTG AGG AAATTT TCA AGA TAT GC-3’ 1526bp 51°C (Zdzaliket al.,2012)
R-5-CCA CGC CTACTT CAT TCC ATG C-3
13. | sak F-5'-TGA GGT AAG TGC ATC AAG TTC A-3 403bp 55°C (Sunegt al.,2008)
R-5-CCT TTG TAATTA AGT TGA ATC CAG G-3’
14. | spa- X | F-5-CAA GCA CCA AAA GAG GAA-3 Variable | 55°C (Frenagt al.,1996)
R-5'-CAC CAG GTT TAA CGA CAT-3
15. | spa- F-5-CAC CTG CTG CAA ATG CTG CG-3 Variable | 58°C (Sekét al.,1998)
1gG R-5-GGC TTGTTG TTG TCT TCC TC-3
16. | scn F-5-ATACTT GCG GGA ACT TTA GCA A-3’ 320bp 55°C (Sungt al.,2008)
R-5-TTT TAG TGC TTC GTC AAT TTC G-3
17. | chp F-5'-TTT TTA ACG GCA GGA ATC AGT A-3’ 404bp 55°C (Sunet al.,2008)
R-5-TGC ATATTC ATT AGT TTT TCC AGG-3’
18. | hla F-5'GGT TTAGCC TGG CCTTC 3 534 bp 53°C (Bootkt al.,2001)
R-5' CAT CACGAACTCGTTCG 3
19. | hib F-5 GCC AAA GCC GAATCT AAG 3 833 bp 53°C (Bootkt al.,2001)
R-5 CGC ATATAC ATCCCATGGC 3
20 hid F-5'- AAG AAT TTT TAT CTT AAT TAA GGA AGG AGT 111bp 55°C (Jarravet al.,2002)
G-3
R-5-TTA GTG AAT TTG TTC ACT GTG TCG A-3
21. | tst F-5-ATG GCA GCA TCA GCT TGA TA-3’ 350bp 55°C (Johnscet al.,1991)
R-5-TTT CCA ATAACC ACC CGT TT-3
22. | mecA F-5'-AAA ATC GAT GGT AAA GGT TGG C-3' 533bp 52°C (Mrakamiet al.,1991)
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R-5-AGT TCT GCA GTA CCG GAT TTT GC-3’
23. | blaz F-5'-AAG AGA TTT GCC TAT GCT TC-3' 517bp 50°C (Sawart al.,2009)
R-5-GCT TGA CCACTT TTATCA GC-3’

3.2 METHODS

3.2.1. Collection of samples

A total of 517 clinical and non-clinical samplesrt human, meat and various animal sources wereatetl as describe in Table 4. These sample sobstesged to two
different localitiesviz. Bikaner (Rajasthan) and Rewari (Haryana). Thepéasnwere collected in the morning and were imntetidaken thereafter to the laboratory on iceftother
processing.

3.2.2. Isolation and identification of bacteria

Each sample was swabed on nutrient agar mediahemdailowed to incubate overnight at 37°C. Next ldagterial colonies were closely observed for their
morphology, color and consistency. Gram’s stainiags used as primary identification test and suggecblonies were streaked on mannitol salt aggorimary,
secondary and tertiary fashion in order to obtaolaited colonies of bacteria. These Petri plata® weubated for 24 h at 37 for aerobic cultivation. Next day the
growth was examined for the colonial morphology piginentation and different types of colonies warb-cultured on separate plates in order to olpiaia cultures.

The smears prepared from each of the sub-cultwilhy were fixed by gentle heat, stained by Gram&thod and examined under oil immersion in order to
check the purity of the cultures. After ascertagnihe pure growth, the bacterial isolates werecatied code numbers accordingly and the coloniee wansferred to
paired nutrient slants. One of the slants was kager refrigeration at°€ after proper sealing with paraffin wax and theeotwas used for various tests. The organisms
were isolated and identified as described by Buahamd Gibbons (1974), Cowan and Steel (1975) amh@t al (2000).

3.2.3. Tests for Generic identification of Bacteria
(a) Growth in air

Growth in air was studied to confirm the abilityladcterial isolates to grow under aerobic condgion

(b) Gram'’s reaction

Smears prepared from young culture of bacteridhiss were stained by modified Gram’s Method ohatg.
(d) Morphology
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Morphology of bacterial isolates was recorded aftaining by Gram’s-method.

(e) Motility

Six hour old broth culture of bacterial isolates incibated at 37C was examined in

the hanging drop preparation under 40 x magnificatons to examine bacterial motility.

()  Catalase activity(Quinnet al, 2000)

A loopful of young culture of bacterial isolate wanixed with a drop of 3% hydrogen peroxide oveteaai glass slide. The production of gas bubblesngr
effervescence within a few seconds was consideyedtalase positive and absence of gas bubblegadase negative.
(9) Oxidase tes(Faller and Schleifer, 1981)

Immediately after placing one drop of oxidase reaga a filter paper, a loopful of test bacterialtare was rubbed against the wet surface. Appearahdark
purple colour within few seconds was noted as adaositive. Absence of colour or delay in appeagari any colour was considered as negative.

3.2.4. Metabolic and biochemical reactions (Secondatests)

€) Mannitol fermentation
In order to see the fermentation of mannitol, trennitol salt agar (MSA) plates were streaked withtest culture, incubated for 24-48 h and obsefwethe change in colour
of the medium. The mannitol fermenting organismengfed the colour of medium to yellow, whereas resménting organisms did not.

3.2.5. Phenotypic characterization oftaphylococcus aureus
(a) Coagulase production

The test was carried out in sterile tubes for petidn of free enzyme using plasmas from differaritral specieviz. catttle, sheep, goat, chicken, camel and
human. Required blood was collected asepticallgriticoagulant coated test tube. It was centrifugied500 rpm for 15-20 min and top layer of cleaaspta was
obtained which was transferred into another srexilitest tube for use in test.

The plasma was diluted to 1:10 in physiologicaineatolution and 0.5 ml of reconstituted plasma ta&sn in three serological tubes. A 0.1 ml of &araight broth culture of
the S. aureusvas added to one tube and 0.1 ml of broth culbéi®. epidermidisvas added to second tube (negative control) amdiréng third un-inoculated tube was kept as cdntro
The tubes were rotated gently to mix the contentsiacubated in water bath at°87 By slowly tilting the tube at 90angle, the tubes were examined at 5h. and compeithdhe
control tube. Clotting of plasma within 5 h wasorted as a positive for "free" coagulase enzyme.

The results for coagulation of plasma from différanimal species and human were also recordedfaparison for relative suitability of plasma ingheést.
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(b) Haemolysis production

Sheep blood agar medium was used to test haemaglysperties by bacterial isolates and the reactiwese categorized as complete-haemolysis, partial-
haemolysis, both or non haemolysis.

(© Toxins of S. aureus
The method described by Sanjiv and Kataria (20055 used in order to type and titrate the toxins.
Toxin Production

The test culture suspension (about 1-2 ml, 24 hwés poured, spread well onto surface of semisulident agar plate and then plates were incubatt@PC
in an atmosphere of 20% carbon dioxide tensio8hin carbon dioxide incubator. Following incubatidine agar medium was sliced into small pieces aagldites
were then transferred to deep freezer atGZor 30 min. Alternate freezing and thawing wagied out to obtain the fluid from culture. It wisen centrifuged at 4000
rpm in refrigerated centrifuge machine for 45 niihe supernatant having the toxin was collectedtiavg capped test tubes and was stored d€C-20deep freezer till
use for titration of beta and delta haemolysins.

Erythrocyte Preparation

Blood from cattle and horse was collected asepyidal double the amount of Alsever's solution arebtkin refrigerator for 3 days for stabilization of
erythrocytes. After 3 days the suspension was ifegéd at 500 rpm for 5 min and supernatant wasoxem. The erythrocytes were washed with normaheadblution
three times and finally were suspended in normi@hesaolution to make 1% suspension. The cattle lzorde erythrocytes were used for titration of metd delta
haemolysins, respectively.

Beta haemolysin titration

To titrate beta haemolysin double fold serial ddos of extracted haemolysin starting from 1:5 18560 were prepared in 0.1 ml amounts. The wasPed 1
cattle erythrocyte suspension in normal salinetesiuvas added in 0.1 ml amount to various diluiofithe toxin. The serological tubes were iniiaticubated at 3C
for 2 h in a water bath and then examined for hdgiactivity. The record of the end point at 508%el was made by visual reading.

After the primary reading, the serological tubeseneept in refrigerator at’@ for 24 h. The tubes were again examined andititest dilution showing 50% lysis was recorded
as the end titre of the haemolysin. The differdme®veen the second and initial reading was takdimalshaemolysin titre.

Delta haemolysin titration

To titrate delta haemolysin double fold serial ddas of the toxin filtrate starting from 1:5 to2660 was made in normal saline in 0.1 ml quantitgerological tubes and then
1% washed horse erythrocyte suspension in 0.5 muatwas added to each dilution. All the serologiohes were incubated at°87in a water bath for 2 h. After incubation, tubes
were examined and the highest dilution showing 586 was recorded as the end titre of the haernsobys visual reading. The horse erythrocyte satmetrol was also run parallel to
the test.
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(d) Antibiotic sensitivity test

To determine the antibiogram of the isolates agaiifferent antibiotics the method of Bauetral (1966) was followed. In brief, the isolates waveculated in sterile 5 ml
nutrient broth tube, incubated for 18 h al@and then the opacity was adjusted to 0.5 McFdrigacity standards (Quiret al, 2000). The inoculum was well spread over the aga
surface with the help of sterilized swab. Platesewadlowed to dry for 10 min at 3Z and then antibiotic discs were carefully placadte surface with enough space around each disc
for diffusion of the antibiotic. Plates were inctdxh for 24 h at 3 and the zone of inhibition of growth of the origan around each disc was measured in millimetedscampared
with standard chart provided by disc manufacturer.

(e) Minimum inhibitory concentration (Ezy MIC™ Strip method)

The Mueller Hinton Agar medium in petri plates veiseaked with the test inoculum. The Ezy MIC™ staken out from freeze was kept at room temperature
for 30 minutes before placing it on the medium. $trigp was not repositioned after placed. Inoculgtiates were incubated for 24 h at@G7

The result was read where the ellipse intersettedtiC scale on the strip after incubation. Sireey MIC™ strip has continuous gradient, Mi@lues
“in-between” two fold dilutions can be obtainelithe ellipse intersects the strip in betweenl@tiwns, read the MIC as the value which is neat@she zone.

Note:- In the present study sometime isolate shovesdplete resistant to Ezy MIC™ strip, in that cdiod highest concentration of Ezy MIC™ strip toimk
statistical calculations.

) Beta-lactamase activity (Acidimetric methodl

Hydrolysis of the-lactam ring generates a carboxyl group, acidifyimguffered systems. The resulting acidity candséet in tubes. The method described by Livermode a
Brown (2001) was used in which 2 ml of 0.5% (w/queaous phenol red solution was diluted with 16.6stilled water, and 1.2g of benzylpenicillin wasdad to it. The pH was
adjusted to 8.5 with 1M NaOH. The resulting solat{@iolet in color) was stored at -ZD. Before use, 100l portions was distributed imiorotitre wells and inoculated with bacteria
from culture paltes (not broth) to produce denspsasions. A yellow color within 5 min indicatpdactamase activity. Positive and negative contnase run in parallel.

(9) Methicillin resistant S. aureus (MRSA) Activity
Methicillin resistantS. aureugMRSA) activity amonds. aureussolates was detected by two methods (i) MeReSa Bgse method and (ii) Methicillin disc method

(i) MeReSa Agar Base method: This method included whsen of colony growth on MeReSe agar base wittRB®a selective supplement (FD229) and Cefoxitimpleupent
(FD259). After inoculation of testing isolate, thERSA positive strain grew as luxuriant greenishkpiolour colony after an incubation at 35-37°C 18¢48 hours.

(i) Methicillin disc method: During antibiotic sensity test, isolates with less than 9 mm diametenhibition zone for 5 mcg methicillin disc wereridered as MRSA strains.
(h) Extended spectrum beta-lactamase (ESBBctivity

Extended spectrum beta-lactamase activity anfirgureussolates was detected by combined disc metho@dsaited by Livermore and Brown (2001). This
method included comparing the zone given by discdaining an extended- spectrum cephalosporin anthwithout clavulanic acid. If an ESBL is productte zones
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are increases5mm for the discs containing clavulanic acid. Tmethod recommends comparison of the zone giveneligtaxime 30ug versus cefotaxime 30
+clavulanic acid 10pg and ceftazidime 30ug verstfismzidime 30 +clavulanic acid 10pg. The readym@tibledia) discs were used for this test as desdribe

0] Vancomycin resistantS. aureus (VRSA) activity

Vancomycin resistar$s. aureusletermine by antibiotic disc method. In disc metisplates, with less than 14 mm diameter of irtldhizone for 30 mcg vancomycin disc was
considered phenotypically as VRSA strains.

3.2.6  Genotypic characterization ofStaphylococcus aureus

(@) 23S rRNA gene based genotypic identifitan

The ribotyping/ genotypic confirmation through 2F8NA was carried out as per the method describe8tlaubet al (1999). The following sequences for the
two primers were used:

Primer F — 5" ACG GAG TTA CAA AGG ACG AC 3’

Primer R — 5 AGC TCA GCC TTA ACG AGT AC 3

Preparation of bacterial cell culture

a. Bacterial culture was grown overnight in 25 ml irit broth in shaker incubator at°g7
b. The bacterial culture was then centrifuged at 5@®0to obtain pellet and supernatant was discarded.

Isolation of DNA

DNA isolation was carried out as per the methbNachimuttuet al. (2001) with some modifications.

Bacterial cultures were pelleted and washed twegimith PBS.

Final cell pellet was re-suspended in 1 ml of BI3TA (TE) solution.

One hundregl of lysozyme solution (conc. 3 mg/ml) was added enixture was then incubated at’@7n water bath for 15 min.

One hundred fiftyil of 10% SDS solution and @ of Proteinase K (10 mg/ml) solution was added medbated at 61 in water bath for 1 h with gentle mixing of thentents at
every 10 min interval.

After 1 h of incubation 0.75 ml of DNA extractiomfier was added and further incubated for 30 miBBE in water bath.

Chloroform: Isoamyl alcohol mixture (24:1) was paegd and 0.5 ml of it was added to the DNA prefiameand mixed gently for about 10-15 min.

Above mixture was centrifuged at 15000 rpm for 1B at 20C and upper aqueous phase containing DNA was @aesfto another tube.

To this mixture 0.5 ml of cold isopropanol was adidad the tube was replaced in ice for 15 min aed tentrifuged at 15000 rpm for 10 min at@0

The supernatant was discarded and the pellet waslded in 0.5 ml of cold 70% ethanol and centefiligt 10000 rpm for 10 min atZ0

Supernatant was discarded and the tubes were éavert a filter paper for 5 min. The tubes were th@vered with parafilm with a small hole in it aleft at room temperature for
overnight to allow evaporation of alcohol
k. Next morning the pellet was redissolved in@f TE buffer and left for 24 h for dissolution thfe pellet.

o0 oy

T Ta o
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Agarose gel electrophoresis

To check the integrity of DNA, agarose gel elechosis was carried out in a horizontal, submerdedtrophoresis unit. Each DNA sample was mixedh wite-fifth volume
of the gel loading buffer. For electrophoresis, ileB cent agarose gel in TBE buffer containingdétimn bromide (0.5-1.Q.g) was used. Uncit DNA was used as a molecular marker.
Each sample was loaded in the well of gel afteriragtrekking dye (bromophenol blue), and electraphis was carried out at 100 V at room temperdrabout 1-2 h

depending upon the length of the gel or till the dyigrated more than half of the length of the gékhe end of the electrophoresis, the gel wasalized under UV transilluminator and
photographs were obtained.

Quantification of DNA

DNA quantification was carried out in spectrophogten in following steps:
a. By taking one ml TE buffer in a cuvette, the spgghotometer was calibrated at 260 nm as well 288@ihm wavelength.
b. In another cuvette 10l of DNA was added to 990l of TE buffer, genomic DNA was diluted to a finedncentration of 25 ngl in TE buffer, mixed properly and optical density
(OD) was recorded both at 260 and 280 nm angRpgo ratio of around 1.9 (1.85-1.95) indicated bestitypuaf DNA.
c. DNA concentration was estimated (Sambretkl, 1989) by using following formula :

(OD) 260 x 50 x dilution factor
Amount of DNA fg/ul) =

1000
d. Quantified DNA was diluted to a final concentrat@i?5 mgfl in TE buffer.

Amplification of DNA

The reaction mixture (total volume 25uD) was prepared by mixing:

Go Tag® Green Master Mix, 2X 126
Primer-F (25 pMdl) 0.5ul
Primer-R (25 pMdl) 0.5l
DNA template 3.Qu
Nuclease free water to make 2bl0

The PCR was performed in Veriti Thermal Cycler (Agg biosystem) using following cycling parameters:

Cycles Step Temperature®C) Time
Cycle 1 Denaturation 94 5 min
Primer annealing 55 30s
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Primer extension 72 1.15 min
Cycle 2-37 Denaturation 94 40 s
Primer annealing 55 1.00 min
Primer extension 72 1.15 min
Cycle 38 Denaturation 94 1 min
Primer annealing 55 1 min
Primer extension 72 3 min

The PCR products were resolved in 1.2% agarosepyelsared in 1x TBE buffer containing Qug/ml of ethidium bromide and 1kb ladder was used as
molecular marker. The amplification products welecgophoresed for 50-60 min at 100 V. The gel weh visualized under gel documentation system (ERD
GDS).

(b) Antibiotic resistance genesNlecA and blaz):

Antibiotic resistance genengcA was detected by method of Murakaaial. (1991) andblaZ gene was detected in duplex PCR vitthD gene according to
Sawantet al. (2009).

The reaction mixture for both resistance genesl(taiume 25.Qul.) was prepared by mixing:

Go Tag® Green Master Mix, 2X 1216
Primer-F (25 pMdl) 0.5l
Primer-R (25 pMdl) 0.5ul
DNA template 3.Qul
Nuclease free water to make 2bl0

DNA amplification of both gene consisted of a cyolepre denaturation at 94°C for 5 min, followed 3§ cycles of 1 min at 94°C denaturation, 1 min at
annealing (Table 3) and 1 min at 72°C. A final esten step of 72°C for 10 min was included. Amplifiporoducts were separated by electrophoresid if% agarose
gel in 1X TBE buffer at a constant voltage ofV/cm and stained using ethidium bromid& (0g/ml).

(© Molecular typing by rep PCR:

According to method of van Belkuet al. (1995) DNA amplification consisted of a cycle aépmlenaturation at 94°C for 5 min, followed by 4@les of 1 min
at 93°C, 1.30 min at 37°C and 1 min at 72°C. Alfisension step of 72°C for 10 min was includedhelative and a positive control were also includgath isolate
was tested under the same conditions at least twitte the selected oligonucleotide (Table: 3). Aiftl products were separated by electrophoresia h5%
Metaphore- agarose gel in 1X TBE buffer at a stamt voltage of 4 V/cm and stained usirtideaum bromide (0.5pg/ml). The PCR pattern analysis was
performed as described by Reinesal. (2004).
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(d) Virulence factors and their associated genes:

I. AdherencedlfA, clfB, icaA, icaD, agfagrl, agrl, agrll andagrlV) andtrap gene]
ii. Antiphagocytosisqap5Kandcap8Kgene)
iii. Exoenzymesdoaandaur gene)

iv. Immune evasionspa-X, spa-IgG, chpndscngene)
V. Plasminogen activator/ Staphylokinasakgene)
Vi. Toxins (la, hlb, hidandtst gene)

According to primers, annealing temperature aneregfce mentioned in the TablelBA, icaA trap, coa, aurspa-X, spa-lg, chla, hib, hidandtst gene genes
were amplified with simple PCR whileaD andblaz in one duplex PCR anthp5Kandcap8Kamplified in another duplex PCR. Then, sakandclfB were amplified
in one multiplex PCR anagr genes were amplified igr group specific multiplex PCR.

The reaction mixture for all above genes (totalva 25.Qul.) was prepared by mixing:

Go Tag® Green Master Mix, 2X 126
Primer-F (25 pMdl) 0.5l
Primer-R (25 pMdl) 0.5ul
DNA template 3.Qu
Nuclease free water to make 2b10

DNA amplification of all these genes was consisikd cycle of pre denaturation at 94°C for 5 mailldwed by 30 cycles of 1 min at 94°C denaturatibmyin
at corresponding annealing (Table 3) and 1 mirR&€7A final extension step of 72°C for 10 min vieduded. Amplified products were separated bytedgtoresis in
a 1.5% agarose gel in 1X TBE buffer at a constasitage of 4 V/cm and stained using dithin bromide (0.5ug/ml).

(e) Restriction Fragment Length Polymorphism (RFLP)of coa and aur gene product

Restriction fragment length polymorphism of P€&a (Hookeyet al, 1998) andaur (Sabatet al.,2000) gene product digested Al andHinfl, respectively
was carried out. The PCR product {@Pwas added with nuclease free watepl)p 10x Buffer (2ul) andAlul andHinfl (2 units, conc. of stock enzyme was Sul)/
mixed gently and incubated in water bath at 379C3fb. After addition of 2l of trekking dye, the digest was resolved in 2%t&pdore agarose gel prepared in 1x TBE
buffer containing 0.pg/ml of ethidium bromide and 100bp, 50bp and 20bjADadder was used as molecular marker. The arogtifin products were electrophoresed
for 1 h at 100 V. The gel was then visualized urgggrdocumentation system (UVP GDS) and photogragne taken.

Q) Gene Sequencing of some selected isolates
Some of the representative isolates were seleotezkfjuencing of gene&z. spa-X, aur, tst, sakndmecAto compare isolates of present study and that tivéh

database at Genbank. For this, the PCR products gatrsequenced commercially (DNA Sequencing Fgcilielhi University). The sequences obtained vesralyzed
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in the Gene tool software to build a complete segegrom forward and reverse sequences of eachlsaifipe complete sequences were subjected to rigdeo
BLAST (Basic Local Alignment Search tool) (httplébt.ncbi.nlm.nih.gov/Blast.cgi) at the server bé tNational Centre for Biotechnology informationGBll) to
determine the similarity with the already prevalgehe sequences. The sequences were also alighgdBiusedit, Gene tool and Mega-6 version softwardisplay the
variations in the nucleotide sequences.

(9) Data Analysis:

All statistical analysis were carried out by IBM SPSS Adanced Statistics 20.0
version and The discriminatory power of the differenttyping system i.e. their ability to
distinguish between unrelated strains was determined bthe number of types defined
by the test method and the relative frequency of thetypes. The numerical index of
discrimination was calculated using the formula giverby Hunter and Gaston (1988).

N(N-1) =1
Where,

D = Discriminatory index, S = Total number of type ®ed, nj = Number of strains
belonging to jth type, N = Total number of strains.
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4. RESULT AND DISCUSSION

Staphylococcus aureuds an important pathogen of various clinical and slinical infections in human causing pneumoniegm abscesses, osteomyelitis,
endocarditis, phlebitis, boils, furuncles, styespétigo, toxic shock syndrome and meningitis, amdoften associated with hospitalized patientsiarahimals causing
various conditions of which mastitis is the commn&ineondition, other condition being suppurativeeations, septicemia, toxinoses, udder impetigoopraritis,
pyoderma, cystits, dermatitis, botryomycosis of mrary gland, arthritis, scirrhous cord, bumble faotl tick pyaemia. It is responsible for heavy s@donomic losses
to human society and dairy industry throughoutwloeld. The organism is endowed with many virulepeceperties and is prone to swift changes in itsbagram
patterns and other properties. Therefore, an eadyprecise characterization ®f aureusased on accurate species identification is eéssefiince some host specific
factors and environmental factors may influencengea in biochemical and phenotypic properties efdiganisms hence, modern diagnostic tools arenerially
required. Various DNA based technologies are basey for identification and characterization ag/ thee less time consuming, precise, specific andigee. In the
present studys. aureudsolates from various sources were investigatedhfeir phenotypic properties, virulence associafedes and antibiogram patterns along with
their resistance genes.

5. Staphylococcus aureus isolation and genotypic confirmation

In the present investigation, 517 samples wereac@t from clinical and non-clinical sourceg. clinical infections of human (80), meat pieces)(8tbrse
wounds (17), pig nasal cavity (17), camel wound®,(8og skin infections (23), clinical infection sheep (35), mastitic milk of buffalos (85), méstmilk of goats
(90) and mastitic milk sample of cattle (70).Theaileof sampling including sample number from eaclirce and place, and recoverySfaureusrom each source
along with percent recovery has been depictedhle t4 The overall prevalence 8f aureusrom various human and animal origin was 30.3%/(357) with highest
prevalence in human samples. The genotypic confiomaf S. aureusvas done by polymerase chain reaction using spsgpiecific 23S rRNA based primers with
1250bp size amplicon (Fig.1) according to metho&waubet al. (1999). Similar genotypic method 8f aureusdentification have been used by Sargival. (2008);
Upadhyayet al. (2010b); and Rathore and Kataria (2012), Beatl. (2013) for the isolates from this study area susfcdly and Stephaet al. (2001); Salasi&t al.
(2004), Bhanderet al.(2009), Momtazt al.(2011), Ariyantiet al.(2011), Suleimaet al.(2012) and Vazqueet al.(2013) forS. aureussolates from elsewhere.

Similar prevalence 08. aureudsolation was also reported by Yadeatval. (2015a) who found 32 (16 of each cattle and boff8l. aureudsolates from 89

mastitic milk samples (41 were from cattle and 4&eavfrom buffalo) with similar method and same gtadea. Close to present study, Nathaetatl. (2013)
determined 38.03% . aureusrom71 mastitic milk samples of goat from samedgtarea. Similarly, 38.8% prevalence was also teploby Khicharet al., (2012)
from cattle mastitic milk samples.

Momtaz et al. (2010) detected 23.88%. aureusrom bovine mastitis while Abd El-Hamid and BengdgP013) were confirmed &S. aureuswith 10.6 %
recovery from animal and human clinical sampleghBbese recovery rates are lower than preseny.stud

These isolates were studied for their phenotypip@ities including growth on different media, colatharacteristics, haemolysis on blood agar, priociiof
coagulase in tube test, slime production, prodactigping and titration of haemolysins, antibiotiesistance pattern with determination of minimurhibitory
concentration (MIC) of some antibiotics includingexning of MRSA, VRSA, beta-lactamase and ESBlviégt The S. aureusvere also characterize with detection of
mecAandblaZ gene including sequence analysisnafcAgene.

134



Molecular typing ofS. aureudsolates done withep PCR. Genetic differentiation of isolates conduabedthe basis of virulence factors and their asdedi
genes such as adherence factolfé\( clfB, icaA, icaD, agtyping (agrl, agrl, agrlland agrlVgene andtrap gene), capsule as antiphagocytic factapbKandcap8K
gene), exoenzymesdaandaur gene), immune evasion fact@pg@-X, spa-IlgG, chandscngene), staphylokinase as plasminogen activatoorfggak gene) and toxin
secretory systenh(a, hlb, hidandtst gene). Variations among the strains were detdntadstriction fragment length polymorphism (RFlR}terns obtained frowlul

digests otcoaamplicons andHinfl digest ofaur amplicons and sequence analysis was also condiactspla-X sak aur andtst genes.
Table 4: Detail of samples, sources of samples aretovery of S. aureus isolates from various sources.

S. No. Total No. of Place of sampling Source of Sample Isolate I.D. No. of Isolate Total No. of
samples isolate (%)
1. 80 Hospitals and Laboratories , Bikane Humaroua wound infections H5, H6, H7, H8 H11, H12, HH34, H16, H21, H25, H28, H29, | 20 35 (43.75)
H30, H31, H33, H34, H41, H45, H48
Urinary tract infection H1, H2, H22, H24, H37, H3%44, H46 8
Post-operative infection H3, H4,H9, H10, H15, HRA0 7
2. 80 Meat shops at Kote Gate area, Bikaper Meaegi(Mixed of goat, sheep and Mt 2, Mt 3,Mt 4, Mt 9, Mt 10, Mt 11, Mt 12, Mt 13t 14, Mt 15, 20 20 (25.0)
poultry) Mt 19, Mt 20, Mt 22, Mt 24, Mt 25, Mt 26, Mt 27, M8, Mt 31
3. 17 Clinical complex, CVAS Horse wounds Hrs1, Hndrs4 3 3 (17.6)
4. 11 Piggery farm, Bikaner Pig nasal swabs Pg2, Pg 2 2(17.1)
26 Clinical complex, CVAS Camel wounds J2,J3J94J10, J14,J15, J18 8 8 (30.6)
6. 23 Clinical complex, CVAS Dog skin swabs D4, Dg, D9, D10, D13 6 6 (26.0)
7. 35 Sheep farm Beechwal and Clinical | Sheep vaginal swabs SV2, SV3, SV4, 3 6 (17.1)
complex, CVAS
Nasal swabs from pneumonic sheep SN3, SN4, SN14 3
8. 85 Rewari, Hariyana Mastitic milk sample of laldéf B1, B5, B10, B19, B21, B23, B24, B26, B27, BB29, B30, B31, | 21 21 (24.7)
B34, B36, B39, B42, B43, B46, B55, B57
9. 90 Clinical complex, CVAS Court Gate | Mastitic milk sample of goat AG5, AG6, AG8, AG10(A3, AG15, AG17, G1, G2, G7, G9, 28 28 (31.1)
area and Hasanpura Bikaner G10, G11, G16, G21, G24, G29, G35, G37, G39, G404, G43,
G45, G46, G47, G49, G55
10. 70 Clinical complex of College, M.P. Mastitic milk sample of cattle C2, C2R, C3R, C5R, C8, C9, C11, C12, C13, C15, C17, C20,| 28 28 (40.0)
Colony, Beechwal area cattle dairies C22, C23, C26, C29, C34, C36, C37, C39, C40, C4B8, C46,
and Rewari, Hariyana C47, C50, C52
Total 517 157 (30.3)
6. Phenotypic characterization ofS. aureus:
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A. Cultural and biochemical properties.

All the 157S. aureussolates were subjected to aerobic cultivatiomotrient agar to study the cultural properties meubation at 37°C for 24 h. The colonies
obtained were round, smooth and glistening anctdther of the colonies was variable as pale yell@u46.5%), whitish 50 (31.8%), golden yellow 25 .@%), and
mustard yellow 9 (5.7%) as described in table 5Fkigd2. The color of the colonies 8f aureuss due to a pigment namely staphyloxanthin whiak been considered
as important factor in alleviating stress to thgamisms. Our observations are in conformity to ¢hot other workers who also recorded variationhe tolony
pigmentation. Salasiat al. (2004) recorded three types of pigments (oranglow and pale yellow) produced 8. aureusrom bovine sub-clinical mastitis from
different countries. A variation in the colony pigmation ofS. aureudrom skin wounds in camel was also reported bye@hirand Kataria (2012) as golden yellow,
yellow and white.

Similarly Islamet al. (2007) characterized 28 coagulase posilvaureusof bovine origin and recorded that 46.4% of issdgproduced golden yellow pigment,
39.3% produced yellow pigment and 14.3% produceitkwligment on nutrient agar. Sangival. (2008) recorde®. aureusf bovine mastitis milk origin obtained from
different locations producing golden yellow pignegidn on nutrient agar by 95.23% of the isolatesthry also recorded white colored colonies ofisbtates.

El-Jakeeet al. (2010) isolateds. aureudrom mastitic cows and buffalo and obtained thsgees of pigmentsiz. golden yellow, creamy and white. Likewise,
Khichar (2011) also recorded variation in the pigtneroduction byS. aureudsolates of bovine mastitic origin. The pigmentaeled was golden yellow and mustard
yellow. Sunet al. (2012) studied growth properties 8f aureusn biofilm formed on polystyrene plate and obtaineearly colorless colonies. Qureshi and Kataria
(2012) characterized 48. aureugrom camel wound samples and recorded 24 (60.0%)aduce yellow, 15 (37.5%) isolates to producalgnlyellow and one (2.5%)
to produce white colony. Yadav, (2014) also regbtteree type colony variants as golden yellow, pelbow and yellowish white amon§. aureussolates from
msatitic cattle and buffalo.

Mannitol fermentation is also another importamtchiemical character &. aureusand various strains were recorded to show tweifft fermentation pattern.
The color of mannitol salt agar (Fig.3) changegeatow after incubation indicating fermentationtbé mannitol. In the present investigation, 153%90) isolates were
mannitol fermenter while only four isolates (H1,48B34 and G2) were mannitol non fermenter as meeatian table 5. Similar to present study, othehaxst namely
Shittuet al. (2007), Kateetet al. (2010) and Santast al. (2015) had also reported mannitol-negaBvaureussolates with different prevalence from variouarses.

Kateeteet al (2010) reported two (6%) mannitol-negati8e aureussolates from patients’ blood, cerebral spinaldfjwanterior nares, skin and wound swabs
while high prevalence (15%) of mannitol-negati/eaureussolates was detected by Sarmepsl. (2015) among nasal swab specimens.

Our observations were close to report of Singh §20¢ho evaluated mannitol fermentation 8yaureugsolates from cattle subclinical mastitis and fouhat
all isolates were mannitol fermenter. Similarlynfa (2006), Upadhyay (2009), Sing#t al. (2011) and Sharmat al. (2013) also reported that 100% isolates from
cattle, goat, buffalo and camel were mannitol fertee

Table 5: Properties ofS. aureus isolates on Nutrient Agar and Mannitol Salt Agar
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Growth on NA (%) Growth on MSA (%)
S. No. Source of Isolate Total No.
PY W GY MY NF
1. Human 35 15 (42.9) 20 (57.1) 0(0) 0(0) 342p7. 1(2.8)
2. Meat piece 20 10 (50) 6 (30) 4 (20) 0(0) 2m)10 0(0)
3. Horse 3 2 (66.7) 0(0) 1(33.3) 0 (0) 3 (100) op
4, Pig 2 2 (100) 0(0) 0 (0) 0(0) 2 (100) 0(0)
5. Camel 8 3(37.5) 2 (25) 2 (25) 1(12.5) 8 (100) 0(0)
6. Dog 6 2(33.3) 1(16.7) 2 (33.3) 1(16.7) 6 (100 0 (0)
7. Sheep 6 1(16.7) 3 (50) 2(33.3) 0(0) 5(83.4) 1 (16.6)
8. Buffalo 21 11 (52.3) 6 (28.6) 3(14.3) 1(4.8) 0(®5.2) 1(4.8)
9. Goat 28 12 (42.9) 5(17.8) 7 (25) 4(14.3) X4p 1(3.6)
10. Cattle 28 15 (53.6) 7 (25) 4 (14.3) 2(7.1) (280) 0(0)
Total 157 73 (46.5) 50 (31.8) 25 (15.9) 9 (8.7) 153 (97.5) 4(2.8)
Abbreviations:- NA- Nutrient Agar, MSA- Mannitol 8a\gar, PY- Pale Yellow, W-White, GY- Golden Yellp MY-Mustard Yellow, F- Fermenter, NF- Non Ferment
Superscripts:- a-Mustard Yellow colony showed igesigJ10, D7, AG5, AG6, AG8, G37,C2R and C36),
b- Mannitol non fermenterl(F5V4 B34 and G2)

B. Coagulase production:

Coagulase is an extracellular protein encodectd®ygene and is considered as one of the importatdrierifor identification of this organism. In prese
investigation, production of coagulase was accebstbe using plasma from six species of animatsluman (Fig. 4). The purpose of incorporatinfedént plasma
was to access the suitability and interaction betwsource of isolates and plasma from a diffengatiss for use in tube coagulase test.

In the present investigation out of 157 isolates (94.2%) isolates were found to be coagulasaipesvhile nine (5.7%) isolates were coagulase negdH8,
H48, Mt31, J4, G29, C12, C13, C15 and C50) at Bidirey but of nine isolates four isolates (H8, H¥®31 and C50) showed positive reaction at 24h. irepdnd
remaining five isolates were negative at 24h. #sehcoagulase non producer isolates, coagulag®mreaas not recorded in any of the studied plaéhadle 6).

Though coagulase production has been consideried tmportant criterion in the identification 8f aureusut similar to present study, coagulase neg&ive
aureusisolates have also been reported earlier. Jatpar (1985) isolateds. aureudrom cows and found that 1-2% of the organismsmtitiproduce tube coagulase.
Singhet al. (2011) had reported coagulase production by o8I%,788.3 and 90.7%. aureugsolates obtained from intramammary infectionSahiwal cattle, Karan
Fries cattle and Murrah buffalo, respectively.

In agreement to present investigation, some ofshlates showed weak reaction even after 5 h afbaton but showed good reaction at 24 h readiagnian
et al. (1975) and Turkyilmaz and Kaya (2006) also repottesl coagulation of plasma after 24 h. SimilarlgnRell et al. (1984) recorded reaction at 4 and 24 h
incubation. Boerliret al (2003) had also reported that 24 h incubationeisessary for the full sensitivity of coagulasd.t@&bey also recorded conversion of weak
reactions as positive after 24h.
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In support to present study, coagulase negafivaureushad also been reported by Jasgteal. (1985), Bedidi-Madaniet al. (1998), Citaket al (2003), Wani
and Bhatt (2003), Turkyilmaz and Kaya (2006), Saaji al. (2008), Kateetet al. (2010), Oliveiraet al. (2010) and Kenaet al. (2011) with variable percentage and
from various sources.

In the present study human plasma showed the bagutation reaction followed by plasma from carpeljltry, sheep, goat and cattle in decreasing diader
all studied isolates. Our results suggested useimian plasma for the coagulase testSoaureusThe analysis of reactions suggested that coagulatiaction depends
on both, source of isolate and source of plasmh wipossible correlation between source of isa@atd plasma. In the present study, more positiveticees were
observed between isolate and plasma obtained faome species in comparison to when both belongdifezent sources as shown in table 6.

Close to our results Abd El-Hamid and Bendary (3048lated 46 staphylococci from 141 human origimples. Among these 46 isolates, 26 were coagulase
positiveS. aureusand 20 were identified as coagulase negative v@8hiermaet al (2013) reported 15 (100%) coagulase produ&ingureussolates obtained from 46
nasal swabs from pneumonic camels and found huiaamp superior to cattle plasma as in the presedy.s

Our results are in agreement to the observatio®rti et al. (1971) who achieved best coagulation with plasmenfhuman followed by pig, dog, poultry,
sheep, goat, camel and buffalo. They assessedbiitytaf plasma from several animals in coagultesting and observed that coagulase-reacting fe@CRF) activities
of the different plasma had following relative centrations of CRF: human > pig > rabbit > horseo¥ilbe, chicken, and lamb.

Results of present investigation were also in agesd to those of Bhati (2013) and Kateeteal. (2010), where in human plasma was recorded tothdoest
coagulation. Our finding are supported by obseovatif Duthie and Lorenz (1952) who recorded thaspla of human, pig and fowl contained relativelyreramount
of coagulase activator.

Our results except for dog plasma were also inra@ecwe with those of Adesiyun and Shehu (1985) edauated effect of sources f aureusand plasmas
and recorded that the value of plasmas in ordsupériority was human and rabbit > pig > donkeyieken > cattle > duck > goat > dog. Differencedagulation of
plasma from various species was observed by Queesthi(2002) who recorded th& aureussolates coagulated the plasma from rabbit, hurafialo, horse, cattle,
goat, camel and sheep in decreasing order of sujperiSimilar to present investigation coagulasaction with human plasma was more (91%) as cordgarthat with
sheep plasma (81%) in identifyir®) aureugKateeteet al., 2010). Though most of the workers have definedctheggulase reaction in terms of firmness of the, clo
superiority of plasma for a particular species Butner and Schwartz (1958) suggested that any degfrelotting in the coagulase plasma should besidened as a
positive reaction.

In agreement to present investigation, Yadawal. (2015a) also found 32 (100%) coagulase posiivaureudrom 89 mastitic milk sample of both cattle and
buffalo. Strongest coagulation reaction recordechfonan plasma followed by pig, rabbit, horse, heyichicken, and lamb in decreasing order. Simgil&thichar and
Kataria (2015) characterized 38 aureudsolates obtained from 59 mastitis samples of tdolsFriesian crossbred and Rathi cattle for caagpilproduction and the
overall strongest coagulation reaction in regaodsarly onset and firmness of clot was recordet plihksma from rabbit followed by buffalo, cattlenwel, human, goat,
sheep, dog, horse, chicken and pig in decreasidgr.o
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Table 6: Comparison of coagulation of plasmas frondifferent species of animals and human b$. aureusisolates.

Total coagulase (%) Plasma for coagulase production (%) at 5h.
S. No. Source of Total No.
Isolate of isolate
p N Human Cattle Poultry Sheep Goat Camel
P N P N P N P N P N P N
1. Human 35 33 (94.3) 2 (5.7) 33 (94.3) 2 (5.7) 0p ( 35 (100) 1(2.9) 34 (97.1) 0 (0) 35 (100) 0 (0) 35 (100) 22 (62.9) 13 (37.1)
2. Meat piece 20 19 (95.0) 1(5.0) 19 (95) 1(5) (0 20 (100) 2 (10) 18 (90) 0 (0) 20 (100) 0 (0) (200) 16 (80) 4 (20)
3. Horse 3 3 (100) 0 (0) 3 (100) 0 (0) 0 (0) 3 (100 | 0(0) 3 (100) 0 (0) 3 (100) 0 (0) 3 (100) 3 (100) 0 (0)
4. Pig 2 2 (100) 0 (0) 2 (100) 0 (0) 0 (0) 2(100) | 0(0) 2 (100) 0 (0) 2 (100) 0(0) 2 (100) 2 (100) (op
5. Camel 8 7 (87.5) 1(12.5) 7 (87.5) 1(12.5) 0 (0 8 (100) 0 (0) 8 (100) 1(12.5) 7 (87.5) 1(125) | 7(87.5) 7 (87.5) 1(12.5)
6. Dog 6 6 (100) 0 (0) 6 (100) 0 (0) 0 (0) 6 (100) | 3(50) 3 (50) 0 (0) 6 (100) 0 (0) 6 (100) 6 (100) (0D
7. Sheep 6 6 (100) 0 (0) 6 (100) 0 (0) 1(16.7) 8%3) 6 (100) 0 (0) 2 (33.3) 4 (66.7) 2(33.3) 8.1 6 (100) 0(0)
8. Buffalo 21 21 (100) 0 (0) 21 (100) 0 (0) 4 (19) 17 (81) 2(9.5) 19 (90.5) 1(4.7) 20 (95.2) 1(4.8) 20 (95.2) 21 (100) 0 (0)
9. Goat 28 27 (96.4) 1(3.6) 27 (96.4) 1(3.6) 39.2) 17 (60.8) 12 (42.9) 16 (57.1) 13 (46.4) 15.6% 13 (46.4) 15 (53.6) 27 (96.4) 1(3.5)
10. Cattle 28 24 (85.7) 4 (14.3) 24 (85.7) 4(14.3)| 12 (42.9) 16 (57.1) 19 (67.9) 9 (32.1) 12 (42.9) 6(87.1) 11 (39.3) 17 (60.7) 23(82.1) 5(17.8)
Total 157 (100) | 148(94.2)| 9 (5%) 148 (94.2) | 9(5.7) 28 (17.8) 129 (82.1 45 (28.6) 112 (71.3) | 29 (18.4) 128 (81.5) 28 (17.8) 129 (B2.1| 133 (84.7) 24 (15.2)
Abbreviations:- P- Positive, N- Negative
Superscript:- a- Coagulase Negative (H8, H48, M#31 C12, C13, C15 and C50) at 5h but at 24h ngadB, H48, Mt31 and C50 showed positive reaction.

C.

Slime production:

Slime production is an important trait 8f aureusesponsible for virulence of the organism. Howetis trait is not possessed by all ieaureusstrains and a
variable percentage of slime producBgaureusecovered from various sources has been repoytethhy workers.

In the present investigation out of 157 isolatey (92.4%) produced slime while 12 (7.6%) isolatese found to be negative for slime production (H81,
J4, G37, G39, G43, C2, C9, C23, C36, C39 and Celdeacribed in table 6. The positive colonies wietected as black in color on Congo red agar &jigOur results
showed presence of very high percentage (92.4%ljroé producing bacteria (Table 7). Similarly, Vdeuanet al. (2003) also obtainefl. aureudrom bovine mastitis
and found 91.4% isolates to be slime producer omg@aed agar. Yazdast al (2006) detected high prevalence of biofilm forghtapacity ofS. aureusgsolated from
wound infections phenotypically by Congo red agaiRQ). Gundogaret al. (2006) detected slime production in 52.B/%aureussolates from clinical samples wherein
Arslan and Ozkardes (2007) reported, 31% isolatye wlime positive from 129 isolates of severalicil specimens with Congo red agar method.

Close to present study, Ebrahiatial. (2014) reported 83.7% isolates from sixty one humvannd infections were biofilm producers. SimilaBgrbieriet al.
(2015) also reported high prevalence (100%) ofeslpmoducefS. aureusrom breast peri-implant infections.

Yadavet al. (2015a) reported 96.87%. aureugsolates from mastitic milk of cattle and buffal@re slime producer while Fabres-Klehal. (2015) reported
35.18%S. aureusslime producer strains from cows with subclinioastitis. Khoramiaret al. (2015) reported 70% of the isolates produced loiofAmong these,
59.3% were producers of weakly adherent biofilimdev84.8% and 5.8% produced moderate and strorfdrbsy respectively from 215. aureusstrains of human and
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dairy cow's infections. Similarly 60.65% slime puogérs were reported by Ozpinar and Gumussoy (2813)55.5% positivity was detected by Castetral. (2015)
among mammary gland infections.
Likewise, Singlet al.(2011) reported slime production in 65.4%, 83.69%3 81.4%S. aureussolates from Sahiwal cattle, Karan fries cattid &urrah buffalo,
respectively with intramammary infections. Mebal.(2013) also reported 85% of tBe aureugrom bovine subclinical mastitis to produce slioreCongo red agar.
Similarly, Marqueset al. (2013) also recorded that 176 out of 250 (76.8%Mates from bovine mastitic milk were slime proehsc In a study by Gundogan
al. (2013), a high proportion &. aureug80%) isolated from raw calf meat (minced), chickEumsticks, raw milk, ice cream and white chesssaples were detected
as slime producer.

Many researchers also found slime prodieaureusn their studies but prevalence was lower thaih dbtained in our study. In study by Libegbal. (2009),
16 strains (55.2%) were positive to the CRA tesgiwng characteristic black color colony. In adtby Turkyilmaz and Kaya (2006), out of 180 stea@i S. aureus
77.8% coagulase positi. aureusshowed positive slime production activity. In tonation, 42.4% and 5.1% @&. aureusof goat mastitic milks and raw milk
reported as slime producers by Bedidi-Madestnal. (1998) and Citalet al. (2003) respectively. This high to low slime prodoitvariability amongS. aureudsolates
may indicate diversity amorfg. aureudor slime production which may be due to variasiam source of isolation or geographical variatian®ngS. aureussolates.

Table 7: Detection of slime production among. aureus isolates

S. No. Source of Isolate Total No. Slime Production (%)
P N

1. Human 35 33 (94.3) 2(5.7)
2. Meat piece 20 20 (100) 0 (0)
3. Horse 3 3 (100) 0 (0)
4, Pig 2 2 (100) 0 (0)
5. Camel 8 7 (87.5) 1(12.5)
6. Dog 6 6 (100) 0(0)
7. Sheep 6 6 (100) 0 (0)
8. Buffalo 21 21 (100) 0 (0)
9. Goat 28 25 (89.3) 3(10.7)
10. Cattle 28 22 (78.6) 6 (21.4)
Total 157 145 (92.4) 12 (7.8)
Abbreviations:- P- Positive, N- Negative.
Superscripts:- a- Negative for slime produciidB, H31, J4, G37, G39, G43, C2, C9, C23, C36, &39C40)

D. Haemolytic properties and Toxin Assay:
Haemolysis is an important property ®f aureusand plays role in virulence. In present investaagll the 157 isolates from various clinical amzh-clinical
human and animals sources were checked for complatgal or no haemolysis on 5% sheep blood agar.g). Of the 157 isolates 108 (68.8%) isolatekilgied
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complete haemolysis, 39 (24.8%) isolates exhikiitedmplete / partial haemolysis, two (1.3%) isatanere both (complete and partial hemolytic) arfdl. 8%) isolates
(H2, H6, H8, G29, G37, G39, C2R and C13) were alohgio (Table 8).

From 39 (100%) isolates with partial haemolysietl (87.2%) showed phenomenon of hot-cold lysis while (10.2%) isolates (H30, Mt19, J9, D7 and C12)
remained did not shoed hot-cold lysis (Table 9).

Similar to present study high prevalence of congpletmolysis and low prevalence of non-hemolytic alas reported by Grabet al., (2013), who reported
that all clinical isolate$. aureushowing complete, incomplete or double hemolydidemnon-hemolytic strains &. aureushowed very low prevalence (0—2%) and
Chuet al.(2013) also reported 100% isolates to produce tetmpaemolysis on sheep and horse blood agar.

Similarly Upadhyay and Kataria (2010) also recortiet of the 21 of the isolates (14 from cattlejesefrom goats) all isolates produced complete lndysis,
three produced partial haemolysis (two from caitid one from goat), and six isolates (four frontleaind two from goats) produced both haemolysésiarclose to
our results, Qureshi and Kataria (2012) also obth#0S. aureussolates from clinical infections of camel andagpd that 16 isolates showed complete haemolysis,
showed incomplete and 13 exhibited both types heisoon sheep blood agar.

Yadav et al. (2015d) reported 33. aureussolates from milk of cattle and buffalo with altal mastitis and revealed that five (15.62%) iseda to show
complete haemolysis, 20 (62.50%) isolates to shpastial haemolysis, four (12.50%) isolateshow both complete and partial and similar to pregerestigation,
three (9.37%) did not show any haemolysis whileaHet al. (2015) studied 7&. aureusfrom 100 samples of human and animal (poultry, eod sheep) source and
All isolates were found to be hemolytic in contrémyour results none of the isolate was non herimlyt

Similar to our results, Solanki, (2004) reportedttmore isolates were complete hemolytic in conspari to partial or non hemolytic who studiedSi6aureus
of camel origin and demonstrated that 21 isolatesved complete haemolysis, 13 isolates exhibitedmplete haemolysis and 12 isolates did not shgmnhaemolysis
on blood agar. Similarly Matsunaga al. (1993) reported more complete haemolysis (74.1%l) gantial haemolysis (65.5%9). aureudsolates from bovine mastitic
milk. In contrary to these results Youres al. (2000) recorded that majority (62.7%) of the ise¢atvere non-haemolytic including 23.2% completent@ygsis and
12.5% incomplete haemolysis isolates from dairyreahs.

Although haemolysis factor is an important virulergoverning property d. aureusimany variations were recorded by various reseschech as Jaspet al.
(1985) who recorded 99% of the isolates to produmemolysis. Aarestrupt al. (1999) recorded 729. aureusof bovine mastitic origin to produce incomplete
haemolysis. In contrast to these observations Boetlal. (2003) did not detect incomplete haemolysis omdlagar plate b. aureussolates. Islanet al. (2007) also
recorded more 86.3%. aureusrom cattle showing incomplete haemolysis and Anuker et al. (1999) who recorded production of complete haeniwligy eight
isolates and partial haemolysis by 13 out of 25immastitisS. aureussolates.

Sharmeet al. (2013) also reported that 12 out of 15 isolates&u partial haemolysis of which four isolates latieowed hot-cold lysis whereas three isolated
showed complete haemolysis and Khichar and Kafafia5) recorded that of the & aureudsolates from cattle mastitis, 15 produced incatehaemolysis which
turned into complete haemolysis when the plate® iiether incubated af@ overnight (Hot-cold lysis) and 13 showed complaire surrounded by incomplete zone
of haemolysis both of these not recorded none hgiaasolate while El-Jakeest al. (2008) studied 78 isolates 8f aureusobtained from 409 samples of human and
animal origin and found 70 isolates were haemolyticheep blood agar and 8 were non haemolytic.

Similar to our observations of obtaining ahaemaligblates, Salasiet al. (2004) also reported 10 non-haemohBicaureusgsolates out of 3. aureusgsolates
from bovine subclinical mastitis, and in the stuafyAriyanti et al. (2011), the types of haemolysins ®f aureuson the sheep blood agar plate, revealed complete
haemolysis for two isolates (18.18%), partial halgsis for three isolates (27.27%) and no haemoligsisix isolates (54.55%).

These recorded variations in hemolysis patterS.afureusn present or previous studies may indicate dityeexisted among isolates in regards to hemolysis
property. It may warrant the urgency to study teeas related with hemolysis factor.
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Table 8: Haemolysis pattern ofStaphylococcus aureusisolates on sheep blood agar in the present study.
_ _ _ Haemolysis on incubation at 4°C (%)
S. No. Source of Isolate Total no of isolatg Haemolysis on incubation at 37°C, 24h. (%) (Hot - Cold Lysis)
C P C+P N C P C+P N

1 Human 35 24 (68.6) 6 (17.1) 2(5.7) 3(8.6) an.7) 2(5.7) 0(0.0) 3(8.6)
2. Meat piece 20 19 (95.0) 1(5.0) 0(0.0) 0(0.0) 19 (95.0) 1(5.0) 0(0.0) 0(0.0)
3. Horse 3 3(100.0) 0(0.0) 0(0.0) 0(0.0) 3 (0pO 0(0.0) 0(0.0) 0(0.0)
4. Pig 2 2 (100.0) 0(0.0) 0(0.0) 0(0.0) 2(100.0 0(0.0) 0(0.0) 0(0.0)
5. Camel 8 3(37.5) 5 (62.5) 0(0.0) 0(0.0) 7537. 1(12.5) 0(0.0) 0(0.0)
6. Dog 6 4 (66.7) 2(33.3) 0(0.0) 0(0.0) 5(83.3) 1(16.7) 0(0.0) 0(0.0)
7. Sheep 6 6 (100.0) 0 (0.0) 0 (0.0) 0(0.0) 6 @P0 0(0.0) 0 (0.0) 0(0.0)
8. Buffalo 21 16 (76.2) 5(23.8) 0(0.0) 0(0.0) 26.2) 0(0.0) 1(4.8) 0(0.0)
9. Goat 28 19 (67.9) 6 (17.9) 0(0.0) 3(10.7) 726) 0(0.0) 3(10.7) 3(10.7)
10. Cattle 28 12 (42.9) 14 (50.0) 0(0.0) 2(7.1) 16 (57.1) 1(3.6) 9 (32.1) 2(7.1)

Total 157 108 (68.8) 39 (24.8) 2(1.3) 8(5.1) 130 (82.8) 6 (3.8) 13(8.3) 8(5.1)

Abbreviations:- C- Complete haemolysis, P- Pathte@molysis, C+P- both complete and partial hemglyéi Non haemolytic

Superscript:- Non haemolytic isolates (H2, H6, B29, G37, G39, C2R and C13)

Table 9: Changes in haemolysis pattern dhtaphylococcus aureusisolates during Hot — Cold lysis phenomena.

No. of isolate showed Hot-Cold lysis No. of Isolate showed Total no. isolates showed
S. No. Source of Isolate . A Isolate I.D. o C
partial hemolysis variations (%) variations (%)
Initial Final
H7, H16 and H28 P C 3(8.5)
1. Human 6 H25 and H34 C+P C 2 (5.7) 5(14.3)
H30 P P -
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2. Meat piece 1 Mt19 P P

3. Horse 0 - - -

4. Pig 0 -

5. Camel 5 J2,J3, 34 and J10 C 4 (50.0) 4 (50.0)
J9 P P -

6. Dog 2 D6 P C 1(16.7) 1(16.7)
D7 P P -

7. Sheep 0 - - - -
B1, B19, B24 and B42 C 4 (19.0)

8. Buffalo 5 528 P CiP 1(4.8) 5 (23.8)
G10, G16 and G21 C+P 3(10.7)

9. Goat 6 AG8, G47 and G49 C 3(10.7) 6(21.4)
C7, C22, C26, C34, C36, C37, C39, C40 C41 C+P 324)

10. Cattle 14 13 (46.4)
C8, C11, C15 and C23 C 4(14.2)
c1z P P -

Total 39 (100.0) 34 (87.2)

Abbreviations:- C- Complete haemolysis, P- Patte@molysis, C+P- both complete and partial hemglyéi Non haemolytic

Superscript:- a- Isolates were not changed duriitgdold lysis (H30, Mt19, J9, D7 and C12)

Toxin assay
Toxin production is considered to be related tdpgéenicity ofS. aureusTo study the qualitative and quantitative prothrcof toxins, all the isolates were

subjected to haemolytic assays using erythrocytas €attle and horse for beta- and delta-toxirspeetively.

Qualitative Assay
In the present investigation of the 157 isolatés(47.8%) isolates haemolysed cattle erythrocytdgating presence of beta-toxin (Fig. 7) and 122.X%)

isolates haemolysed horse erythrocytes indicataig-doxin activity (Fig. 8). Most of the isolatt®m human, camel, goat and cattle showed beta tadtivity (Table
10). Lesser number of cattle isolates produceddtikin as compared to isolates from other souftable 11). Similar to present study, more deadtart activity was
also reported by Garcet al. (1980) and Bedidi-Madaeit al. (1998).

Close to our result, Garcigt al. (1980) reported 82.4% delta-hemolys) &nd 78.8% beta-hemolysifi)(activity while 7.0% isolates were negative foyan
activity. Similarly, Bedidi-Madangt al. (1998) reported 76.3% and 56.9% isolates exhildtegnd f-haemolysin activity respectively from goat milkaglirroet al.
(2010) and Ariyantet al (2011) revealed 34% and 27.27% beta-haemolygivitgc respectively amon¢. aureudsolates, which is slightly lower than the present
study. Similar to these findings, Solanki (2004)ared 26.66% isolates weeioxin producer while only 6.66% producédtoxin activity for camel origin isolates.

Quantitative Assay
The results of the quantitative assays of betadmitd toxin have been depicted in tables 10 and’ti& production of beta-toxin was shown by lesser

number of isolates and the titres of beta-toxinensdso much less with titre ranging from 1:5 to2D.3In this study 48 (30.6%) isolates showedxin activity with 1:5
titre, 14 (8.9%) isolates showed 1:20 titre and oépositive isolates showed variable titres ascdbed in table 10.

In our investigation delta toxin was detected tgpbeduced by more isolates as compared to beta fxiduction with titre ranging from 1:5 to 1:4Chd 60
(38.2%) isolates showed 1:5 titre, 45 (28.7%) wmrsitive with 1:10 titre and remaining other pagtisolates possessed more than 1:10 titre asildbeddn table 11.
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Close to our results Khichar and Kataria (2015preed the titre of-toxin from cattle and goat isolates ranged betwk&0 and 1:160 and titre &ftoxin is
1:20 titre of cattle mastitis isolates similarlypag isolates also produced th¢oxin but the titres remained towards lower sidpadhyay and Kataria (2010) recorded
titre for B- andd-toxins was similar (1:160) for cattle as well amgisolates from mastitis. Quresgtial. (2002) found that alb. aureussolates from camel producgd
ando-toxin either in pure or in combinations and theetiof 3- andd-toxin ranged between 1:8 to 1:1920 and 1:5 to,Ir&§pectively. In comparison to present study
Singh (2006) reported 1:640 titre [@toxin but did not record production dftoxin from the isolates from sub-clinical mastitiscattle.

Lesser quantit-toxin and absence ob-toxin was also recorded by Sanjiv and Kataria {2@0ho reported titre of 1:120 from cattle mastitigin for 3-toxin
but they did not record any productiond®foxin among any of the isolates. In the studysofaureusrom goat mastitis by Nathawat (2013) the titré$-doxin was
much below than that eftoxin, the highest titres being only 1:40 recordsiilarly, in the study by Bhati (2013), titreEtoxin produced bys. aureugsolates from
H-F cattle and crossbred cattle recorded and fobaidboth the breeds of cattle were almost singitad the highest titres f@«toxin in S. aureussolates from both the
breeds were same being 1:160.

Table 10: Titration of beta (B) toxin produced by S. aureus isolates against cattle erythrocytes after 2 h intbation at 37 C followed by overnight refrigeration
at 4°C

Toxin titre (%)
S. No. Source of isolate thal No. of Negative foor toxin activity
isolate (%) 1:5 1:10 1:20 1:40 1:80 1:160 1:320

1. Human 35 17 (48.6) 18 (51.4) 0 (0.0) 0 (0.0) 00) 0 (0.0) 0 (0.0) 0 (0.0)
2. Meat piece 20 16 (80.0) 4 (20.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
3. Horse 3 3 (100.0)* 0 (0.0) 0 (0.0) 0 (0.0) ®Jo0. 0 (0.0) 0 (0.0) 0 (0.0)
4, Pig 2 1 (50.0) 1 (50.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
5. Camel 8 4 (50.0) 4 (50.0) 0 (0.0) 0 (0.0) 0)0.0 0 (0.0) 0 (0.0) 0 (0.0)
6. Dog 6 1(16.7) 5 (83.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
7. Sheep 6 1(16.7) 5(83.3) 0 (0.0) 0 (0.0) 0)(0.0 0 (0.0) 0(0.0) 0 (0.0)
8. Buffalo 21 21 (100.0)* 0 (0.0) 0 (0.0) 0 (0.0) (®@O) 0 (0.0) 0 (0.0) 0 (0.0)
9. Goat 28 9 (32.1) 8 (28.6) 3(10.7) 3(10.7) 0)0 3(10.7) 1(3.6) 1(3.6)
10. Cattle 28 9(32.1) 3(10.7) 1(3.6) 11 (39.4) 2(7.1) 2(7.1) 0 (0.0) 0(0.0)
Total 157 82 (52.2) 48 (30.6) 4 (2%) 14 (8.9% 2 (1.4§ 5 (3.2 1 (0.64% 1 (0.64)
*= None of the horse and buffalo isolate shoedxin activity
Superscripts:- a - Isolate wifhtoxin titre 1:10 (AG13, AG15, G45 and C11)

b - Isolate wifhtoxin titre 1:20 (G11, G24, G40, C2, C3R, C20, 0224, C36, C39, C40, C41, C47and C50)

¢ - Isolate wifhtoxin titre 1:40 (C9 and C52), d - isolate wfthoxin titre 1:80 (G7, G10, G16, C8 and C26)

e - Isolate wifhtoxin titre 1:160 (G21), f - isolate withtoxin titre 1:320 (G35)
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Table 11: Titration of delta (8) toxin produced by S. aureusisolates against horse erythrocytes after 3 h inculion at 37°C.

Toxin titre (%)
. . . . TN
S. No. Source of isolate Total no. of isolate Negafor toxin activity (%) 15 110 1-20 1-40
1. Human 35 7 (20.0) 9 (25.7) 13 (37.1) 6 (17.2) 0 (0.0)
1(5.0 11 (55.0 8 (40.0 0 (0.0 0 (0.0
2. Meat piece 20 (5.0 ( ) ( ) 0.0 ©.0)
3. Horse 3 0 (0.0¥ 1(33.3) 1(33.3) 1(33.3) 0(0.0)
4. Pig 2 0 (0.0§ 1 (50.0) 0 (0.0) 0 (0.0) 1 (500)
5. Camel 8 1(12.5§ 7(87.5) 0 (0.0) 0 (0.0) 0 (0.0)
6. Dog 6 0 (0.0§ 6 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
7. Sheep 6 1(16.6§ 4 (66.8) 1(16.6) 0 (0.0) 0 (0.0)
8. Buffalo 21 5(23.8) 5(23.8) 8(38.1) 3(14.3) 0 (0.0)
9. Goat 28 7 (25.0) 10 (35.7) 8 (28.6) 3(10.7) 0 (0.0)
10. Cattle 28 14 (50.0) 6 (21.4) 6 (21.4) 2(7.2) 0(0.0)
Total 157 36 (22.9) 60 (38.2) 45 (28.7) 15 (9.6) 1 (0.60)

Superscripts:-

a — None of the isolate was negédivé toxin titre (Horse, Pig and Dog)
b — One isolate of each negative fom toxin titre (Meat piece-Mt13, Camel-J14, Sheep-BN3
¢ — Only one isolate wittoxin titre 1:40 (Pg2)

E. Antibiotic resistance pattern and MIC determination:

Over the last few decades, there was a sudderaseiia the use of antibiotics in veterinary as waelimedical science not only to control diseasealnat as
prophylactic measure to prevent bacterial infectisacondary to viral infectionStaphylococcus aureus able to produce a host of structural changelskaeps on
developing resistance against the most commonlg asébiotics. These resistant microorganisms becpart of the environment and are transmitted famimals to
humans and vice-versa. Presently there is growongern among scientists in regards to increasisigteace in pathogens. The concerns are multifde&enaccurate
diagnosis, defective dosage, indiscriminate usesldpment of new drugs etc.

Indiscriminate antibiotic use in dairy animals |samb treatment failure, escalated treatment costs development of resistance to antimicrobials. The
multiplicity of the cause and emergence of resistatiue to indiscriminate and prolonged use of aiiits in absence of antibiogram is a major huidighysical,

chemical and microbiological control of mastitis.

In the present investigatidh aureussolates were subjected to antibiogram studiesgguéhantibiotics belonging to different catego@sl generations (Fig.9)
where in huge variations were recorded in sengitpatterns (Table 12). All (100%) isolates wesastive to meropenem, chloramphenicol (exceptramean isolate,
H28), and nitrofurantoin (except one cattle isql&@&89), in continuation more than 85% isolates veengsitive to nine antibiotic namely ampicillinHlzactum (96.2%)
(only three isolates from human (H2, H3 and H4)evegsistant), imipenem (95.5%), cefalothin (91.7@6peracillin+ tazobactam (91.7%), tobramycin (89)3

doxycycline hydrochlorid (89.2%), ceftazidime+ aléanic Acid (88.5%), oxacillin (87.3%) and polymxHB (86.0%).
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More than 95.0% isolates were resistant to ampic{lbne isolate from Goat- AG17 and three isoldtesn cattle-C3R, C9 and C17 were sensitive) and

penicillin —G (one isolate from sheep- SV4, onerfriouffalo-B36 and one isolate from cattle C3R waesitive).

Since many variations were found in the antibiogcdr8. aureudrom different sources thus the statistical analygs carried out and comparison of diameter
of inhibition zone (mm) of each antibiotics betwesath source of isolate was made. The isolates diffiexent sources showed highly significapt(0.01) variation in
their resistance patterns for 39 antibiotics, sigant variation p <0.05) for levofloxacin and nitrofurantoin, and nigrsficant variation p> 0.05) for clindamycin as

described in table 13.
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Table 12: Sensitivity patterns forS. aureusisolates against various tested antibiotics

Name of

Antibiogram pattern of S. aureusisolates from various sources (%)

o | Name o —Humen _Weatpiecs _ _ orse _ Pi : — Comel _ Dog

1. | Ampicillin (31500_0) 0(0.0) | 0(0.0) (21000_0) 0(0.0) | 0(0.0) (3100.0) 0(0.0) | 0(0.0) (2100'0) 0000) | 00.0) | 8(1000)| 0(.0) 0(0.0) ?100_0) 0(0.0) | 0(0.0)
2. | pmpiciine 3(86) | 3@6)| g | 000 | 000 0 (000 | 0000 (000 | 000 | fing |00 | 000 g |00 | 000 fogg
3. | Azithromycin (35’4.3) 0000) | 257 (21000_0) 0000) | 000) | 1(333) (133.3) 1333) | 0000) | 0000)| 200 7@75| o0@©p) (125 | 2(333)| 000) 4667
4. | Aztreonam (1478.6) ?25'7) ?25'7) 0(0.0) ?20'0) (1860.0) 1(33.3) (266.7) 0000) | 0(00.0) | 1(50.0) 1(50.0] 2(25.0) (225.0) 4(500) | 0(0.0) | 0(0.0) ?100.0)
5. | Cefaclor (2635.7) '(514_3) (720_0) 9 (45.0) ?20_0) 7(350) | 2(667)| 0(0.0) 1(333) 0(0.0) 0(0.0 (2100.0) 4 (50.0) (225.0) 2(250) | 0(0.0) | 0(.0) ?100.0)
6. | Cefalothin 9257 129 (2751_4) 0(0.0) (210_0) (1980.0) 0(0.0) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) (2100.0) 0(00) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) ?100.0)
7. | Cefepime (1311.4) ?25'7) (152'9) 0(0.0) ?30'0) (1740.0) 0(0.0) (133.3) 2667) | 0000) | 0(0.0) (2100_0) 1(12.5) (112.5) 6(75.0) | 0(0.0) | 0(0.0) ?100_0)
8. | Cefixime (35;)5.7) 267) | 3@6) (1515.0) 1(5.0) | 8(40.0) (3100.0) 0(00) | 0(00) | 1(500) 1(500) 0(.0) 8(100.0)0(0.0) | 0(0.0) | 2(33.3) (350.0) 1(16.7)
9. gg{/ﬂ@ﬁ; Acid (2777.1) 2(5.7) (617_2) 7 (35.0) (630_0) 7(35.0) | 0(0.0) | 0(0.0) (3100.0) 0(0.0) | 0(0.0) (2100.0) 3 (37.5) (337.5) 2(25.0) | 0(0.0) (233.3) 4 (66.7)
10. | Cefoparazone (1‘1?'0.0) (1581_4) 3(8.6) (15?0.0) (735_0) 3(15.0) | 0(0.0) (266.7) 1(333) | 0(0.0) (2100.0) 0(0.0) | 2(250) ?50.0) 2250) | 0(0.0) (350.0) 3 (50.0)
1. gﬁfﬁé’?t?rﬁ°”e+ 6(17.1) (1594.3) (1208.6) 0(0.0) ?30.0) (1740.0) 0(0.0) (133.3) 2(66.7) | 0(00) | 0(0.0) (2100.0) 0(0.0) (337.5) 5(624) | 0(0.0) | 0(0.0) ?100.0)
12. | Cefotaxime (1311.4) (1452'9) ?25'7) 1(5.0) (630'0) (155.0) 0(0.0) (133.3) 2(66.7) | 0(00) | 1(50.0) 1(50.0) 1(12.5) ?50.0) 3375) | 0(0.0) | 0(.0) ?100.0)
13 | G Acid | 8 (229) (lfz.g) (1324.3) 150 (210.0) (1875.0) 000 (133.3) 2(667) | 0(00) | 0(00) (2100.0) 0(0.0) (337.5) 5(625)| 0(0.0) | 0(0.0) ?100.0)
14. | Cefoxitin (2361.4) 0(0.0) ?25_7) 7(35.0) | 0(0.0) (15’5.0) 1(333) | 0(0.0)| 2(66.7) 1(500) 0(0.0) 1(50.0)4(50.0) | 0(0.0)] 4(50.0) 0(0.0) 0(o.c)f’100.0)
15. | Ceftazidime (2610.0) (617'1) ?22'9) 4 (20.0) ?45'0) 7(35.0) | 1(333) (133.3) 1333) | 0000) | 1(500) 1(50.0) 3(37.5) ?’50.0) 1(125) | 0(0.0) (350.0) 3 (50.0)
16. g;@ﬁﬂg% 4| 8@29 | 386 (25‘8'6) 0(0.0) (210'0) (1980.0) 0(0.0) (133.3) 2(66.7) | 0(0.0) | 0(0.0) (2100.0) 0(0.0) (112.5) 7075 | 0(0.0) | 0(.0) ?100.0)
17. | Ceftriaxone 8 (22.9) (1581_4) ?25_7) 0(0.0) ?25_0) (1755.0) 0(0.0) (133.3) 2(66.7) | 0(0.0) | 0(0.0) (2100.0) 1(12.5) (337.5) 4(500) | 0(00) | 0(0.0) ?100.0)
18. | Cefzolin (1324.3) ?11_4) (1594_3) 2 (10.0) ?20_0) (1740.0) 0(0.0) (133.3) 2(66.7) | 0(0.0) | 0(0.0) (2100.0) 0(0.0) ?50.0) 4(50.0) | 0(0.0) | 0(0.0) ?100.0)
19. | Chloramphenico| 1 (2.9) 0(0.0)(3;‘7'1) 0(0.0) | 0(0.0) (21000_0) 0(0.0) | 0(0.0) (3100.0) 0(0.0) | 0(0.0) (2100_0) 0(00) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) ?100_0)
20. | Ciprofloxacin (15?4.3) (1452'9) 1(2.9) | 6(30.0) (155'0) 1(5.0) | 0(0.0) (3100.0) 0(00) | 1(50.0)| 1(50.0) 0(.0)| 1(125) ?75.0) 1(125) | 0(0.0) ?100.0) 0(0.0)

21. | Clindamycin 2(5.7) (1337_1) (2507_2) 0(0.0) ?20_0) (150.0) 0(0.0) | 0(0.0) ?100.0) 0(0.0) (2100.0) 0(00) | 0(0.0) 5’62.5) 3(375) | 0(0.0) | 0(0.0) ?100.0)
22. | Cloxacillin 14 20 129 160 16 3(150) (@0) | 2 1333 2 0000 000)] 1125 6 2.6 | 0(00) | 000.0)] 6
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S, Name of . Antibiogram pattern of S. aureusisolates from vgrious sources (%)
No. | Antibiotic R Hun?an s R Meatlplece s R H?rse s R Pllg s R Ca:nd s R ?Og s
@0.0) | 672 (80.0) (66.7) (100.0) (75.0) (100.0)
23 Si’éfﬁcyﬁl'l,'l%e 3(86) ?14.3) (2777.1) 0(00) | 0(0.0) (21000.0) 0(0) | 0(00) ?100.0) 0(0) | 0(0.0) (2100.0) 000 (112.5) 7(875)| 0(0.0) | 0(00) ?100.0)
24. | Faropenem (118.6) (1;‘0_0) ?11_4) 5 (25.0) (1620_0) 3(15.0) | 0(0.0) (266.7) 1333) | 0000) | 1(500) 1(50.0) 1(125) 5’62.5) 2250) | 0(0.0) | 0(0.0) ?100.0)
25. | Gentamicin ?22.9) 2(57) (2751'4) 3(15.0) | 0(0.0) (1875.0) 1333) | 0(0.0)| 2(66.7) 0(0.0)| 1(50.d) 1 (50.0)5 (62.5) (225.0) 1(125) | 0(0.0) | 0(0.0) ?100_0)
26. | Imipenem ?14.3) 2(5.7) (250'0) 0(0.0) | 0(0.0) (21000.0) 0(0.0) | 0(0.0) (3100.0) 0(0.0) | 0(0.0) (2100.0) 0(00) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) ?100.0)
27. | Levofloxacin ?0.0) 2514_3) 2?5_7) 1(5.0) 2525_0) (1740.0) 0(0.0) | 0(0.0) ?100.0) 0(00) | 1(50.0)| 1(50.0) 0(0.0) (337.5) 5(625) | 0(0.0) | 0(0.0) ?100.0)
28. | Linezolid (38.6) 0(0.0) ?921_4) 1(6.0) | 0(0.0) (15’5.0) 0(0.0) | 0(0.0) ?100.0) (2100.0) 000) | 000) | 5625 | 000) 3379 0(0.0) (00) ?100.0)
29. | Meropenem ?0.0) 0(0.0) (31500.0) 0(0.0) | 0(0.0) (21000_0) 0(0.0) | 0(0.0) (3100.0) 0(0.0) | 0(0.0) (2100_0) 0(00) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) ?100_0)
30. | Methicillin (1208.6) (1452'9) (1298'6) 2 (10.0) (1515'0) 7(35.0) | 0(0.0) (133.3) 2 66.7)| 0(0.0) | 0(0.0) (2100.0) 1(12.5) (225.0) 5(62.5) | 0(0.0) (116.7) 5 (83.3)
31. | Nitrofurantoin ?0.0) 1(2.9) ?;7_1) 0(0.0) | 0(0.0) (21000.0) 0(0.0) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) (2100.0) 0(00) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) ?100.0)
32. | Norfloxacin (25’9.9) f14_3) 1(2.9) (150.0) ?15_0) 1(5.0) ?100.0) 0(0.0) | 0(0.0) (2100.0) 000) | 000) | 1(125) (787.5) 0(00) | 0(0.0) ?66.7) 2 (33.3)
33. | Oxacillin (1337.1) 1(2.9) (2610'0) 2(10.0) | 0(0.0) (1980.0) 0(0.0) | 0(0.0) (3100.0) 0(0.0) | 0(0.0) (2100_0) 0(00) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) ?100_0)
34. | Penicilin -G 35(100) 0(0.0) 0(0.0 (21000.0) 0(0.0) | 0(0.0) (3100.0) 0(0.0) | 0(0.0) (2100.0) 0000) | 00.0) | 8(1000)| 0(.0) 0(0.0) ?100.0) 0(0.0) | 0(0.0)
35. | Piperacillin (3947.1) 1(29) | 0(0.0) (21000.0) 0(00) | 000 | 3 0(.0)| 0(.0) (2100.0) 0(0.0) | 0(0.0) | 8(100.0)| 0(0.0) 0(0.0) ?100.0) 0(0.0) | 0(0.0)
36. .'?;pz%rggg'tg‘n’; (1311.4) 0(0.0) (25‘8'6) 2(10.0) | 0(0.0) (150.0) 0(0.0) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) (2100_0) 0(00) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) ?100_0)
37. | Polymxin B 514.3) 0(.0 (355'7) 4(200) | 0(0.0) (1860.0) 0(0.0) | 0(0.0) (3100.0) 0(0.0) | 0(0.0) (2100_0) 3375 | 00.0)| 5625 10167) 004 5(83.8)
38. | Tetracycline 6 (17.1) (1452_9) (1;‘0_0) 0(0.0) | 1(5.0) (155.0) 0(0.0) | 0(0.0) (3100.0) 0(0.0) | 0(0.0) (2100.0) 3 (37.5) (112.5) 4(500) | 0(0.0) | 0(0.0) ?100.0)
39. | Ticarcillin (720.0) (1f5_7) (1324_3) 0(0.0) ?15_0) (1875.0) 0(0.0) (266.7) 1(33.3) | 0(00) | 0(0.0) (2100.0) 0(0.0) (112.5) 7(875) | 0(0.0) | 0(0.0) ?100.0)
40. E‘g‘/ﬁg’;ﬂ; Acid (2880.0) ?0'0) (720'0) (1620.0) 0000) | 8400)| 1(333)] 0(0) 2667 0(0.0)0(0.0) (2100_0) 3375 | 0(0.0)| 5(625)| 0(0.0) 0(0.C)f’100_0)
41. | Tobramycin (152.9) ?0'0) (2507'2) 0(0.0) | 0(0.0) (21000_0) 1(333) | 0(0.0)| 2(66.7) 0(0.0)| 0(0.0) (2100_0) 0(00) | 0(0.0) ?100.0) 0(0.0) | 0(0.0) ?100_0)
42. | Vancomycin (15?1.4) (1f5_7) 1(2.9) | 5(25.0) (1635_0) 2(10.0) | 0(0.0) (133.3) 2(66.7) | 0(0.0) (2100.0) 0(0.0) | 0(0.0) (787.5) 1(125) | 0(0.0) ?66.7) 2 (33.3)
contd....
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Antibiogram pattern of S. aureusisolates from various sources (%)

NS(; Name of Antibiotic Sheep Buffalo Goat Cattle Total
: R i S R i S R | S R i S R i S
1. Ampicillin 6(100.0) | 0000) | 0(0) | 21(100) (@O) | 0(0.0) 27(96.4)| 0(0.0)| 1(35) (2859.3) 000) | 37107 (19573.5)1 0000) | 4(5)
2. Ampicillin+ Sulbactum | 0 (0.0) 0(00)| 6(100.0)0(0.0) | 00.0) | 21(1000) | 000 | 00| 280 000 | 000) | 281000 (31.9) 3(L9) | 151 (96.2)
3. Azithromycin 0(0.0) 000) | 601000 0(.0) (2.0)| 17 (80.0) 3(10.7) | 4(143) 21 (75.0) (1305.7) 5(17.9) | 13 (46.4) Zf& » | 1469 | 67(427)
4 Aztreonam 0(0.0) 1(16.7] 5(33)| 0(00] ©0 | 21(1000) | 0(0.0) | 3(107) 25(89.3) 4 (14.8)6 (21.4) | 18 (64.3) (2145.3) (2187'8) 105 (66.9)
5. | Cefaclor 0(0.0) 000) | 6(1000) 1(48)| 3(14.8)17(8L0) 1(36) | 4(143) 23821 5(179) 64 | 17(60.7) ?258.6) (2145'3) 88 (56.1)
6. Cefalothin 0(0.0) 0(00)| 601000} 18| o0 | 20(©52) 000) | 0(00)| 28@000) 0.0 @ | 28(100.0) (1g " 3(L9) | 144 QL7
7. Cefepime 0(0.0) 000)| 6(000) 0(0.0] @O |21(100.0) | 0000 | 00| 28(100.0) 136 (264) | 21(75.0) (153) (2134_6) 121 (77.1)
8. Cefixime 0(0.0) 1(16.7) 5(833)| 6(28.6) (1527.1) 3(14.3) 1(3.6) (lfe. s | 140500 (1;'0.0) 6(21.4) | 8(28.6) (7f8. 4 ?2?4'8) 42 (26.8)
Cefixime+ Clavulanic 48 28
o. | St 0(0.0) 0(0.0) | 6(1000) 4(190] 7(83 1067 |000) | 2(7) | 26(629)| 7(50) 6(LA) ) | moo |1y | 5L6ELE)
10. | Cefoparazone 0(0.0) 1(16.7) 5833 1(4.5)(1527.1) 8 (38.1) 1(3.6) (1319_3) 16(57.1) | 3(10.7)| 9@2.1)| 16(57.1 (3119.7) (6‘,?3_9) 57 (36.3)
Cefoparazone+ 6 39
1. | gEoparaz 0(0.0) 0(0.0) | 6(1000) 0(0.0)| 1(48) 20(952)|0(0.0) | 0(0.0) | 28(1000) 0(0.0)| 9(321) 1967 | ggy | pyg | 12(713)
12. Cefotax'ime | 0(0.0) 0(0.0)| 6(100.0) 0(00) (180) | 17(81.0) 0(0.0) 271)| 260929 0(.0 (1??5'1) 18 (64.3) (153) ?2?’7'4) (121.1)
13. (Ajgfé“ax'm“ Clavulaniq 4 g o) 0000) | 6(100.0) 0(0)| 000 21090.0|0(0.0) 0000) | 28(1000) 0(.0)| 6214 286 ?5'7), (2177'2) 121 (77.1)
14. | Cefoxitin 0(0.0) 0(00) | 6(100.0) 2(©95)| ®x | 19(90.5) 2(7.1) 0(00)| 26229 (1422.9) 0000) | 16(7.1) ‘?;0) 0(0.0) | 102 (65.0)
15. | ceftazidime 0(0.0) 000)| 6(1000) 1(48 (18.0) | 16(76.2) 1(36) | 5(17.9] 22(786) 61| 8(286) | 14(50.0) ?273.6) ?216_1) 79 (50.3)
Ceftazidime+ 8
16. | SeMazdimer 0(0.0) 0(00) | 6(1000) 0(0.0)| 0(.0) 21100000 | 0(©0) | 28(2000) 0(.0)| 3(7.1) 2589 | & 10 (6.4) | 139 (88.5)
17. | Ceftrioxane 0(0.0) 000)| 6(1000) 0(0.0] 95) | 19(©05) 000) | 0(0)| 28000 0(0.0}7@250) | 21(75.0) (95 7y (3262 o | 112(713)
18. | Cefzolin 0(0.0) 000)| 6(000] 000 P | 211000 | 000 | 1@36)| 27 000)| 136 (924) %gg) 15(9.6) | 128 (81.5)
19. | Chloramphenicol 0(0.0) 000) 6(1000) ®)0.| 0(0.0) | 21(100.0) | 0(0) | 0(0.0)| 28(1000) O®) | 0(0.0) | 28(100.0 (10.6) 0(0.0) | 156 (99.5)
20. | Ciprofloxacin 0(0.0) 5833 1(167) 1(48 (1766.2) 4(19.0) 3(10.7) (154'3) 7(250) | 3(107) (1319'3) 14 (50.0) (3241.7) ?549'9) 29 (18.5)
21. | Clindamycin 0(0.0) 2333 4(667)| 0(0.0f (38.1) | 13(619) 0(0.0) (1??5'7) 18(64.3) | 1(3.6) (1??5'1) 17 (60.7) (31.9)(, '(5;4' 4 | 100637
22. | Cloxacillin 0(0.0) 50833)| 1(167)| 205 @1 | 11524 0(0.0) (1540_0) 14 (50.0) | 4(14.3) (1684_3) 6 (21.4) (2145.3) ?596_7) 44 (28.0)
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Antibiogram pattern of S. aureusisolates from various sources (%)

o | Name of Antibiotic _ Sheep : _ Buflo _ Goat : _ Catle —__ _ Toe _
23. a%yggm&id 0(0.0) 0(0.0) | 6(1000) 0(00)| 00| 211000/ 0(0.0) | 1(36) | 27(944)| 5079 27 2105 ?5.1) 9(5.7) | 140(89.2)
24. | Faropenem 0(0.0) 0(0.0) 6(1000) 0(0.0) 1% | 17(8L.0) | 0(0.0) | 3(10.7) 25(89.3) 2(7.1) 9(32.1) | 17 (60.7) (2155.9) ?3?1'8) 82 (52.2)
25. | Gentamicin 0(0.0) 0(0.0)| 6(1000) 0(00] (9F) | 19(905) | 0(00) | 0(00)| 28(100.0) 4(14.3)5(17.9) | 19 (67.9) (2113 y | 1208) | 1240190
26. | Imipenem 0(0.0) 0(0.0)| 6(1000) 0(00] MO | 21(100.0) | 0(0.0) | 0(0.0)| 28(100.0) 0(0.0] (O | 28(100.0) 5’3.2) 2(13) | 150 (95.5)
27. | Levofloxacin 0(0.0) 0(0.0)| 6(1000] 0(0.0)f 4(19.0) | 17(81.0) | 0(00) | 2(7.1)| 26929 2)7.1| 3(10.7) | 23(82.1) (31.9)(, (2134'6) 131 (83.4)
28. | Linezolid 0 (0.0) 00.0) | 6(1000) 1(48)| mm | 20952 | 3(107) | 000)| 25(89.3) 9(32.1)0(0.0) | 19 (67.9) (2145.3) 0(0.0) | 133(84.7)
20. | Meropenem 0 (0.0) 0(0.0)| 6(100d) 0(0.0) 00X | 21(1000) | 0(0.0) | 0(0.0)| 28(100.p) 0(0.0) 0(0.0) | 28 (100.0) ?0.0) 0 (0.0) (115070.05,
30. | Methicillin 0(0.0) 000) | 6(1000) 1(48)| @3) | 13619 | 000) | 2(7.1)| 26929 507.95(17.9) | 18(64.3) 1(22.1) ?248_0) 94 (59.9)
31. | Nitrofurantoin 0(0.0) 000)| 6(1000] 0(®O|0(00) | 21(100.0) | 0(00) | 0(.0)| 28(1000) BE | 00.0) | 27(96.4) (10.6) 106) | 155(98.7)
32. | Norfloxacin 0(0.0) 3(500) 3(50.0)| 2(95)| (4.9) | 100 5(179) | 9(32.1) 14(50.0) 5(17.9)6 (21.4) | 17 (60.7) ?430.1) ?269'3) 48 (30.6)
33. | Oxacillin 0(0.0) 000.0) | 6(1000) 2(95| @y | 19905 | 000) | 000)| 28(1000) 0(0.0] (72) | 26(92.9) (1170.8) 3(1.9) | 137 (87.9)
34. | Penicilin -G 58330)| 0(0.0)] 1(16) (2:5_2) 000) | 148 28(100.0) 0(0.0)| 0(0.0) 27 @p. | 136) (195; y 000 | 309

35. | Piperacilin 1(167) | 0(0.0)| 5(833) (1766'1) 148 | 4(190) 11(39.3)| 9(32.1) 8(28.6) (15‘0.0) 3(107) | 11(39.3) (17152) 14(8.9) | 28(17.8)
36. -Fr’;"z‘i{t?;!'tg‘; 0 (0.0) 0(0.0) | 6(100.0)| 0(0.0)| 0(0.0)| 21(190.0| 0(0.0) 0(0.0) | 28(100.0) 0(0.0)] 0(.0) 28qmW (153) 0(0.0) | 144 (917
37. | Polymxin -B 1(167) | 000)| 5(83)| 295 (W) | 19(905) | 6(214) | 0(0.0)| 22(786) 0(0.0) 0(0.0) | 28(100.0) (2124.0) 0(0.0) | 135(86.0)
38. | Tetracycline 0(0.0) 0(0.0)| 6(1000) 0(0.0] 1(48) | 20(952) | 0(0.0) | 2(7.1)| 26(786) 8(38.64(14.3) | 16(57.1) (1170.8) (2145_3) 116 (73.9)
39. | Ticarcilin 0(0.0) 0(0.0) | 6(1000] 0(0.0) (@0) | 21(100.0) | 00.0) | 0(00)| 28(1000) 1)3.6 3(10.7) | 24 (85.7) ?5.1)(, (2155'9) 124 (79.0)
40. ;ﬁg‘rc""”* Clavulanic | ¢ o) 000) | 6(1000) 3(@43] 0(0)| 18(85.7 |2(71) | 0(00) | 26©29)| 614 000 2268 ?55.0) 0(0.0) | 102 (65.0)
41. | Tobramycin 0(0.0) 000)| 6@1000) 000 @©O® | 210000 | 000) | 0©0)| 28(1000) 0(0.0)0(0.0) | 28(100.0) (1160.1) 0(0.0) (1;31.8)C
42. | vancomycin 6(1000) | 0(0.0)| 0(0.0) (1527_1) 9429 | 0(0.0) 6 (21.4) (2728_6) 0(0.0) 3(10.7) (2832_1) 2(7.1) 5’301.8) ?671_8) 10 (6.4)

Abbreviations- R- Resistant,- Intermediate, - Sensitive
Superscript:- a- More than 95.0% isolates werestast for Ampicillin (One isolate from Goat- AG1iidathree isolates from cattle-C3R, C9 and C17 wersitive) and Penicillin —G (one isolate from ghe®V4, one from buffalo-B36 and one isolate fraattle C3R were sensitive), b- 100 % isolates wensisive for Chloramphenicol
(except one Human isolate (H28) was resistant yopEnem and Nitrofurantoin (except one cattlesito{C39) was resistant), c- More than 85% isola® sensitive for Ampicillin+ Sulbactum (only éerisolates from human (H2, H3 and H4) were rest)st€efalothin, Ceftazidime+ Clavulanic Acid, Daxyine Hydrochlorid,

Imipenem, Oxacillin, Piperacillin+ Tazobactam, Rokin —B and Tobramycin, d- Isolate which having eop. of intermediates and sensitives but lessf@sistant for Cefoparazone+ Sulbactam, Cefotaxi@lavulanic Acid, Ceftrioxane, Clindamycin, Lelmfacin and Ticarcillin
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Table. 13: Analysis of variance of diameter of intiition zone (mm) of antibiotics for S. aureus isolates.

S. No. Source of variation MSS
1. Ampicillin 288.043**
2. Ampicillin+ Sulbactum 271.987**
3. Azithromycin 789.142*
4. Aztreonam 157.118**
5. Cefaclor 429.189**
6. Cefalothin 353.234**
7. Cefepime 180.461**
8. Cefixime 411.040**
9. Cefixime+ Clavulanic Acid 298.578**
10. Cefoparazone 152.219**
11. Cefoparazone+ Sulbactam 165.105**
12. Cefotaxime 268.889**
13. Cefotaxime+ Clavulanic Acid 207.341**
14. Cefoxitin 304.429**
15. Ceftazidime 134.165**
16. Ceftazidime+ Clavulanic Acid 163.499**
17. Ceftrioxane 302.930**
18. Cefzolin 349.944**
19. Chloramphenicol 25.004**
20. Ciprofloxacin 64.327**
21. Clindamycin 9.628"
22. Cloxacillin 476.205**
23. Doxycycline Hydrochloride 141.901**
24, Faropenem 536.097**
25. Gentamicin 50.272**
26. Imipenem 937.524**
27. Levofloxacin 17.739*
28. Linezolid 41.257**
29. Meropenem 121.492**
30. Methicillin 160.922**
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31. Nitrofurantoin 11.777*
32. Norfloxacin 194.456**
33. Oxacillin 351.371**
34. Penicillin -G 256.907**
35. Piperacillin 399.747*
36. Piperacillin+ Tazobactam 149.886**
37. Polymxin —B 24.501**
38. Tetracycline 197.135**
39. Ticarcillin 322.626**
40. Ticarcillin+ Clavulanic Acid 350.513*
41. Tobramycin 77.792**
42 Vancomycin 10.179**

Degree of fre

MSS = Mean

edondf)=9
i. * = Significant < 0.05)
i. ** Highly significant (p < 0.01)
. NS = Non-significant§> 0.05)

Sum of Square
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In the present study highly significamt € 0.01) variation were recorded amoBgaureussolates for most of the antibiotics thus excdiptdamycin > 0.05),
all sources of isolates were further subjected tmdan’s Homogeneous Subsets analysis (DMRT) of Me#EM values of diameter of inhibition zone (mm) of
antibiotics at level of 0.05, different supersaiptdicating significant variations gt € 0.05) level (Table 14). In the DMRT analysis madimfive subsets were found
for five antibiotic namely cefaclor, cefixime, cefne+ clavulanic acid, imipenem and ticarcillin afalr subset were found for 13 antibiotic namelypantiin,
ampicillin+ sulbactum, cefoparazone, ceftazidimdavalanic acid, doxycycline hydrochloride, linezblinitrofurantoin, norfloxacin, penicillin—G, pigagillin,
piperacillin+ tazobactam, tetracycline and ticdircH clavulanic acid amon®. aureudsolates. For rest of other antibiotic two or thiibsets were existed amddg
aureusisolates as described in the table 14.

Further the Bonferroni correction was carried aufirid out exact value of probability level of vamnce among sources $f aureugsolates. It was found th&
aureusisolates from human sources were significantlyalde withp < 0.0001 probability level of variance with otheean piece and animal origin sources for most of
antibiotic (Table 15). Isolates from horse, camma @ig sources were non-significantly variable wetich other for most of antibiotic and the isolaiEsheep, goat,
buffalo and cattle are non-significantly variablghaeach other for most of antibiotics (Table 15).

Hierarchical ascendant cluster analysis of aniib®e¢nsitivity pattern through mean values of dignef inhibition zone (mm) of antibiotics agair&taureus
isolates was carried out by Squared Euclidean Dist{SED) and the between-groups linkage method.igdlates were clustered into three groups at fé&€aled
cluster distance, one cluster comprising of buffalattle, sheep, dog and goat, second clusterdadlinorse, camel, meat piece and pig while thindtet included
human isolates (Fig. 10). All three clusters hagaicant variation p <0.05) among each other. First cluster of buffalifle, sheep, dog and goat exhibited lowest
resistance and third cluster of human isolates sdowghest resistance for most of antibiotics (€&lf2). Overall lower resistance was recorded anaomgal origin
isolates in comparison to human origin isolates.

Similar to present study Gulet al. (2005) also recorded highest resistance ag@ihesttam antibiotics, penicillin and ampicillin f&. aureussolates from
bovine clinical mastitic milk isolated from indiwdl animals. Similarly, Turutoglet al. (2006), Ebrahimiet al. (2007) and Hussaiet al. (2012) also recorded
maximum resistance for beta-lactam antibioticsreg}&. aureussolates from various sources.

Similar results were reported Peregtaal. (2009) in an antibiogram study of 148 food originlates ofS. aureusvho recorded that strains were highly resistant
to beta-lactams, ampicillin and penicillin, respegly. Seventy per cent of the isolates were rasisto beta-lactam antibiotics followed by ampigiland penicillin
(73%)

Close to our results, Khichar (2011) used 27 diffié antibiotics against 28. aureussolates of cattle mastitis origin wherein theyareled that most effective
antibiotic was azithromycin (92.86%) followed byoxacillin and methicillin (89.29%). He also recoddessistance towards ampicillin, cefixime, metr@zole and
nalidixic acid for all the isolates. Tobramycin wase of the most effective antibiotics againstladl isolates in our study was contrary with thelgtof El-Jakeeet al.
(2011), where 20 % resistance was also reported.

Sanjiv and Kataria (2006) recorded antibiogramSofaureusisolates for 13 antibiotics and complete agreenveat reported for gentamicin, methicillin,
chloramphenicol, ciprofloxacin and kanamycin wittore than 90% sensitivity. And similar to presetidy 66% isolates were resistant to tetracyclineugrand
comparative lower resistance (49%) found towardqlén.
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Mohanasoundaram and Lalitha (2008) studied 15@tisslofS. aureudrom human clinical infections and similar resultere reported for norfloxacin (100%
resistance) and chloramphenicol (18% resistancefigber resistance towards tetracycline (82%)tayaitin (88%) and ciprofloxacin (97%) was reported¢ompare
to present study.

Similar to present study non observable differamas observed in antibiotic sensitivity or resisapatterns against isolates from cattle and gadgadhyay
and Kataria 2009).
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Table. 14: Duncan’s Homogeneous Subsets analysisdan+ SEM values of diameter of inhibition zone ofintibiotics amongS. aureus isolates.

S. No.

Meanz SEM values of diameter of inhibition zone (mmof S. aureus isolates (No. of isolate)

Name of Antibiotics

Meat piece

Human (35) (20) Horse (3) Pig (2) Camel (8) Dog (6) Sheep (6) Buifa(21) Goat (28) Cattle (28)
1. Ampicillin 851+ 0.61% | 9.80+1.009° | 7.33+3.712 10.50+ 0.508"° | 6.63+1.981 14.67+0.768F | 22.50+2.078 | 15.38+1.027 | 16.21+1.079 | 16.18+1.535
2. Ampicillin+ Sulbactum 22.23+1.127 | 29.10+0.69% | 27.67+2.188° | 2550+ 1.508P | 27.13+2.07%° | 36.00+0.931 | 31.67+1.687 | 31.57+0.90%" | 31.32+0.69% | 31.39+ 0.99%
3. Azithromycin 2.83+1.054 | 3.85+1.009 12.00+ 6.028 | 18.50+0.500 | 3.75+2.569 16.17+3.701 | 18.67+0.333 | 19.29+0.462% | 17.61+1.270 | 12.04+1.778
4. Aztreonam 15.69+ 1.428 | 22.50+ 0.478 | 20.33+1.45% | 22.50+2.500 | 21.25+1.509 | 24.67+0.808 | 23.67+0.955 | 23.67+0.326 | 22.89+0.328 | 21.21+0.525
+ + +
5. Cefaclor 10.14+ 1.307 | 14.90+ 1.00%° é%i’;zcd i%gg;m 14.38+ 1.40% Sllg'ggge 24.83+1.447 | 21.86+ 1.438*° | 22.25+ 0.82% | 20.75+ 1.17%%
Cefalothin 18.77+ 1.426 | 25.35+0.96% | 24.33+0.88% | 23.50+0.508" | 25.75+ 1.46%° | 28.33+0.882 | 29.33+0.989 | 26.43+1.629 | 30.36+0.720 | 30.96+ 1.032
Cefepime 13.94+1.438 | 20.40+0.812 | 22.00+2.517 | 23.00+1.000 | 19.75+1.398 | 24.17+0.167 | 21.17+0.543 | 22.00+0.602 | 22.18+0.321 | 19.96+ 0.668
8. Cefixime 551+ 1.195 ilg'gg;ﬁcd 7.67+3.842 156832—;5 10.13+ 1.64% | 17.50+ 1.568 | 21.17+1.447 | 16.33+0.527° | 18.32+0.38% | 12.96+ 1.37%
9. Cefixime+ Clavulanic Acid 11.94+0.906 | 16.35+ 1.28%° | 14.00+ 0.57% | 13.50+ 0.508" | 16.63+ 1.08%° Sos'g;fe 26.00+1.342 | 19.19+0.87%¢ | 22.89+0.83% | 20.14+ 1.23%"°
. .| 22.17+ 20.33+ " q
10. Cefoparazone 15.80+ 0.719| 15.80+0.758 | 17.67+ 1.45%° | 17.00+ 1.008° | 18.00+ 1.01& 0,980 24.83+ 1.44% 0.92G0% 22.32+0.95% | 21.64+0.93%
11. Cefoparazone+ Sulbactam 17.63+ 12040 22.00+ 0.76% | 22.00+2.51% | 22.50+0.500 | 23.13+1.109 | 24.67+0.760 | 25.83+1.352 | 2557+0.678 | 25.79+0.441 | 24.11+0.765
12. Cefotaxime 15.97+ 1.587 | 23.15+ 1.01% | 22.67+2.96% | 23.50+ 1.500f | 19.88+ 1.728 | 27.33+0.49% | 26.83+0.401 | 25.38+0.627 | 26.39+ 0.500f | 23.14+ 0.79%
13. nggtax'me" Clavulaniq 5, 314 1 068 | 26.35+ 1.04% | 24.00+2.309 | 27.00+1.006f | 24.13+ 1.078 | 30.00+ 1.000 | 31.00+1.033 | 28.43+0.70% | 29.21+0.53% | 27.07+0.95%
14. Cefoxitin 15.54+ 1.605 | 22.65+0.792 | 22.67+1.202 | 22.50+1.500 | 21.13+1.38% | 27.50+ 1.118 | 26.33+0.558 | 27.05+0.671 | 26.07+0.45% | 22.32+1.14%
15. Ceftazidime 11.60+ 1.192 | 16.65+ 0.50% | 16.00+ 2.30%° | 16.50+ 1.506f | 14.38+1.41% | 18.00+0.63% | 20.33+0.422 | 18.52+0.48% | 18.71+0.36% | 17.14+ 0.59¢F
16. igﬁaz'd'mH Clavulaniq ;¢ 46+ 0,918 gzégg,fcd 21.67+2.848° | 2550+ 0.50t¢ | 21.38+ 1.03% ﬁigﬁd 26.83+ 1.818 | 25.24+0.88%° | 27.07+0.52¢ | 24.07+ 0.90%"
17. Ceftrioxane 15.09+ 1.580 | 22.50+0.822 | 22.00+1.732 | 24.50+0.500 | 19.50+1.698 | 26.00+0.931 | 24.50+0.342 | 23.76+0.487 | 26.43+0.492 | 24.96+1.137
18. Cefzolin 16.26+ 1.746 | 20.15+0.96% | 19.67+2.18% | 21.00+ 1.008° | 19.50+1.28% | 26.17+1.447 | 27.33+1.358 | 26.48+1.050 | 27.29+0.917 | 26.36+ 1.236
19. Chloramphenicol 22.49+ 0.576| 24.05+0.462 | 26.00+0.000F | 25.00+ 1.008 | 24.63+0.808 | 28.00+0.516 | 22.00+0.730 | 24.10+0.60% | 24.11+0.36% | 23.14+0.36%
20. Ciprofloxacin 15.80+ 0.393 | 16.30+0.60% | 17.67+0.88%° | 15.50+0.500 | 17.38+ 1.16%° éséé;fc 19.17+0.70%° | 18.43+0.518° | 19.64+ 0.68% | 21.00+ 0.903
21. Clindamycin 20.66+ 0.462 21.05+ 0.320, 22.0@60. 19.50+ 0.500 20.00+ 0.378 24.17+ 0.601 20.62¢D 21.43+0.519 21.39+ 0.458 21.29+ 0.646
22. Cloxacillin 20.20+2.168 | 29.80+0.826' | 30.33+1.856' | 19.50+0.500 | 27.75+2.40% | 37.33+0.42% | 32.33+0.558 | 32.24+0.956 | 33.89+0.42%' | 28.25+1.11%
23. Doxycyline Hydrochlorid 19170988 | 22758, e 21.00+1.000° | 19.13+0.93% | 26.83+1.01% | 23.50+ 0.50%¢ | 25.00+0.63% | 24.46+0.607 | 18.14+ 0.960
24. Faropenem 22.31+2.748| 29.60+ 0.63% | 32.67+1.20% | 34.00+ 1.008f | 31.38+1.426 | 39.00+0.856 | 36.50+ 0.56% | 36.00+0.64% | 36.46+0.50% | 34.07+0.78%
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S. No.

Name of Antibiotics

Meanz SEM values of diameter of inhibition zone (mmof S. aureus isolates (No. of isolate)

Human (35) Meé(‘;g)'ece Horse (3) Pig (2) Camel (8) Dog (6) Sheep (6) Buiia(21) Goat (28) Cattle (28)
25. Gentamicin 14.89+ 0.878 | 16.7+0.708° | 16.67+ 2.40%° | 14.5+ 0.508 13.13+1.060 | 18.33+0.98% | 17.83+0.307 | 17.1+0.487° | 19.36+0.499 | 16.89+ 0.798°
26. Imipenem 27.60+ 1.496 | 32.95+0.47% | 40.33+0.33%° | 38.00+1.000¢ | 35.13+1.56% | 44.67+1.520° | 43.83+1.13% | 43.95+ 1.27% | 46.32+0.58% | 43.96+ 1.03%
27. Levofloxacin 20.34+0.281 | 19.40+0.50% | 21.00+0.57% | 18.50+0.500 | 19.25+0.77% | 20.00+0.008 | 21.33+0.49% | 22.29+0.83% | 21.75+0.58% | 21.29+ 0.648
28. Linezolid 24.29+ 0.409 | 24.15+0.499 | 23.00+ 1.15% | 17.50+0.500 | 19.75+0.798 | 27.83+0.946 | 24.83+0.40F | 24.24+1.327 | 23.54+0.44% | 22.57+0.78%
29. Meropenem 23.77+0.519 | 26.00+0.50% | 25.00+ 2.517 | 27.00+ 1.008° | 23.88+1.817 | 30.67+2.813 | 28.00+ 0.931° | 29.00+0.68 | 30.93+0.430 | 28.00+ 0.93%#°
30. Methicillin 10.20+ 0.970 | 12.90+ 0.58% | 14.67+ 2.40¥° | 15.50+ 0.508° | 12.88+2.117 é%igfc 19.17+1.222 | 15.62+ 1.17¢° | 18.82+0.60%F | 15.68+ 1.103
31. Nitrofurantoin 18.94+0.224 | 19.25+0.260 | 21.00+0.000 | 19.00+0.000 | 20.63+0.26% | 20.83+0.401 | 19.33+0.33% | 19.48+0.356' | 19.89+0.327 | 21.18+ 0.83%°
32. Norfloxacin 10.11+0.757 | 10.75+0.89% | 11.33+0.33% | 10.50+0.500 | 12.25+1.778° | 17.00+ 2.708' | 16.33+ 1.145% | 16.10+ 0.708F | 17.07+0.907 | 18.29+ 0.95%
33. Oxacillin 12.66+ 1.505 | 19.15+1.08% | 18.67+2.33% | 22.50+0.500 | 18.25+1.26% | 24.67+1.202 | 2550+ 0.671 | 23.10+1.481 | 24.36+0.458 | 22.54+1.252
34. Penicillin -G 8.49+ 0.633 | 8.10+ 0.957 éoéggfcd 9.50+ 0.508° | 7.63+1.802 16.33+0.989 | 23.50+2.320 | 14.52+ 1.247" | 14.68+0.977 | 14.50+ 1.24%¢
35. Piperacillin 8.69+0.659 | 8.25+0.888%° 10.00+ 1.15% | 10.00+ 0.008 | 6.63+1.952 14.00+ 0.77% | 24.00+2.049% | 15.33+1.37% | 17.46+1.29% | 18.21+ 1.50%
36. Piperacillin+ Tazobactam 19.89+ 0.894 23.25+0.77%° | 22.67+1.33% | 25.00+ 1.008¢ | 24.63+ 1.362¢ S%igfd 26.33+1.118" | 2552+ 0.63%" | 27.86+0.601 | 27.14+0.72%
37. Polymxin —B 13.40+ 0.2580 | 14.05+0.56 15.67+0.88% | 15.50+0.508%° | 13.25+1.01% | 13.50+0.84% | 13.00+0.730 | 13.71+0.44% | 13.71+0.508 | 16.57+ 0.350
38. Tetracycline 18.54+ 0.886 | 25.05+0.663 | 24.33+3.180' | 22.50+ 0.500f | 17.38+2.035 | 28.00+0.89% | 24.17+0.54% | 25.62+0.66¥ | 23.5+0.618 18.21+ 0.94®
N 22.60+ . . | 25.50+ 25.71+ .
39. Ticarcillin 17.09+ 1.176 0.690 19.67+1.202 | 21.00+ 1.008° | 22.38+ 1.08%" 1 a7gecde 28.67+ 1.38% 0. 753w 29.18+0.841 | 26.25+ 1.166
40. Ticarcillin+ Clavulanic Acid | 17.74+1.1891 | 22.25+0.828 | 21.33+1.858 | 21.00+ 1.008° | 22.50+ 1.25%° féggfd 28.67+1.308 | 27.48+0.74%" | 29.86+0.912 | 27.43+1.13%¢
41. Tobramycin 13.91+0.882 | 18.1+ 0.41C 17.00+ 1.158 | 18.5+0.500 15.88+ 0.61% | 19.83+0.872 | 18.00+0.365 | 19.1+ 0.50% 19.0+ 0.468 19.07+ 0.615
42. Vancomycin 14.46+ 0.287 | 15.55+ 0.47% | 14.00+0.577 | 15.00+0.008 | 15.38+0.26% | 16.33+0.211 | 13.50+0.228 | 13.62+0.722 | 14.82+0.208 | 15.61+0.18%

Duncan’s Homogeneous Subsets (DMRT) analysis oft&EM values of diameter of inhibition zone pemfied at level of 0.05, different superscripts intif@asignificant variations ap(< 0.05) level

Value in parenthesis indicates no. of isolates
Mean comparisons have been made for a row
Mean superscribed by similar alphabet show noniignt difference > 0.05)

Mean superscribed by different alphabet show 8t (p < 0.05)

Mean not superscribed by alphabet indicates, rife@n value has not processed for DMRT
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Table. 15: Analysis of significance level of probality of variance of diameter of inhibition zone (nm) of antibiotics by Bonferroni correction test for S. aureusisolates.

S. Name of Antibiotics Comparison of probability level of variance among surces ofS. aureus isolates
No. - .
Human Meat piece Horse Pig Camel Dog Sheep Buffalo Goat Cattle
o gP:000 0000 (0000 P00 0004 <.006 SP.000 50.008 0000 )\10.000
1. Ampicillin o o NS 000l oot NS Hrgoo povo HO.000 .08 HO.000 10004 .00 H0.000 40005 .01
Ampicillin+ M09 -2 52001 000
2. Sulgactum 50000 0000 Ho-000 NS NS [3:046 Ho-000 Pos6 p0-001 j40-000 j40-000 Ho-000
0.000 <0.000 0.004 <0.000 0.030 0.002
) ) Do 000’ g) 000 Do 000’ g;ooo Do 000’ sjooo HO.OOO’ Mt0.004 Ho_ooo Mto_ooo Ho_ooo Mto_ooo HO.OOO’ MtO.ODO HO.ODO’ MtO.OOZ
3. AZ|thrOmyC|n B, C‘JO B**,G™ NS NS B* GO ‘104030 ‘]04002’ ! ‘]04000 ’(;04009 ! JO,OOO BO,OOQ
(C0-000 o002 !
Mt0000 po.0oL
4. Aztreonam So.ooey Bo.ooo’ Go.ooo’ Ho-000 NS NS NS }g.001 pH0-006 pH0-000 po-000 pHo-000
(0000
D000 gP.000 o goon [40-000 \140.002
5. Cefaclor BO-000 (0000 Go,ooé Co.04'1 NS NS @050 j0-001 H0.001 {0019 HO.000 p\j00LL ‘]0,050’ HO.000 40041
(C0-000 !
M0-006 0.018 0006
6. Cefalothin 504005, BO‘QOO‘ CBO'OOO, H™ NS NS NS |q,018 HO,OOS HO,OOO HO,OOO HO.OOO
(0-000
M0000 [0.000 o000
7. Cefepime SP.042 BO.000 (0,000 NS NS NS 14:000 Ho0-042 0000 40000 Ho-000
(0-000
0.016 0.001
Mt D HO016 036 HO-000 40036
8. Cefixime <0000 30.000 (0.000 NS NS (8036 036 o001 o35 ) 0000 HO.000 10009 P.036 H0.000 (0.045
.00 ) ) GP-009 FP
o
.. . DO-01L 0000 0.000 p4+0.003
9. ggféXIme+ Clavulanic 50 00 cooon 50008 zp.001 o044 NS .03 0011 :rso,o’zx'v‘%.ouy 0-000 o000 g0.001 0-000
DO-045 0.000
0.008 (=0.000 S0 gt .045 0.000 p4+0.001 0.008 p110.041 0.000 p4+0.000 0.000  71£0.000
10. Cefoparazone B0 @ G000 0000 NS NS NS H HO-00C Mt HO-0%8 Mt HO-0% Mt HO% Mt
(C0-000 !
M0-009 .036 [.007
11 gsrggg':‘rione‘* <001 |’30400°‘ ‘oo’ 0-009 NS NS 036 0.007 p0.001 0.000 0.000 0000
o0
M0-000 [0.000 0.001
12. Cefotaxime B00 ’GO 00 'Co.ooo’ Ho-000 NS NS NS 1000 0-001 40-000 40-000 Ho-000
Cefotaxime+ Mt°0%, pooog 000 0.000 .000 0.000 0.000 0.000 0.000
3 Clavulanic Acid BO%, G0 H NS NS NS A H H H H
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S. Name of Antibiotics Comparison of probability level of variance among surces ofS. aureus isolates
No. Human Meat piece Horse Pig Camel Dog Sheep Buffalo Goat Cattle
0.001 0.000 <0.002
14. Cefoxitin l\BAotooo Glz?ooo C§;°° Ho-001 NS NS NS 1000 40002 |40-000 40-000 Ho-000
Mt0001 po.021 c0.000
15. Ceftazidime Bo00 GO 00 CO o0 Ho-001 NS NS NS jgo21 40000 |40-000 40-000 Ho-000
Ceftazidime+ Mt©025 D013 Q001 Ho028 040 0.013 0.001 0.000 0.000 §/+0.016 .040 0.000
16. Clavulanic Acid Bo-o0 G°°°° o000’ P08 NS NS ¢ H H H HO® M2 8 H
Mt0-000 0001 cp.010
17. Ceftrioxane Bo .000 GO 000 Co 1000 MtO.ODO NS NS NS H'OO]' HO'O:l0 HO'000 HO'000 HO'000
DO-042 010 50.000
18. Cefzolin G0-000 GPo15 NS NS NS 19042 Ho-010 jH0-000 H0.000 \0.015 pH0.000
(0-000
HO.000 10033
19. Chloramphenicol Eo0 po-033 NS NS NS g ooz go-035 GO 026 | po.oo2 pO-035 pO-026 po-001
co ool
20. Ciprofloxacin @000 oo GP07ch.o00 NS NS NS NS NS NS 3990 mt°-0= HO-000 0000
21. Clindamycin NS NS NS NS NS NS NS NS NS NS
M0-000 [y0.000 €0.000
22. Cloxacillin Bo000 GO o0 CO o1 Ho-000 NS NS NS 1000 0009 40000 40000 Ho-001
. D002 B0.000 (50.000 DO-029 R0.032 o000 o032 0.008 ~0.000
23 a?/;j(?'/ggl!: Irg)erid (0-008 NS NS HO002 $029 0000 | Ng comn 0000 (0.000 '\B/Iot,ooo ’GE’.OOO )
M00007 $.034 [0.000 0007
24. Faropenem <-000 BO -000 GO 000 204029 NS NS 9034 pHo-000 pHo-000 pHo-000 Ho.oooy M0-029 pHo-000
v ooo
25. Gentamicin &0 NS NS NS (Ch NS NS NS NS pyoo. pooz
Mt0045 013 p.oa2
DO.OOO’ 31000’ BO.OOO, H> 045 D” 001 Ho-013 HO 042 B* 012 0000 \4£0-000
26. Imipenem 0.000 IS 003"  BO- ooo NS 0000 20007 HO-000 440001 HO-000 410003 12! ) HO-000 40.000 .00 |H0.000 140.000 §.007
G ) > F
G 000 Nou 000 G
(0000
27. Levofloxacin NS Bo NS NS NS NS NS M NS NS
poas 0043 pPoi4. oot
28. Linezolid NS NS Do 00001 o038 NS NS NS Bos
0.001 [0.000 (~0.000 0.028 [0.035 H0-001, Joz8 p0-000 HO'OOO, Mt0-000
29. | Meropenem Rowes ® S o NS NS | Soond ® NS pos oo Ho.000
30. Methicillin 50,002, Bo,ooza’ Go.ooo, (30-002 NS NS NS NS o002 pH0-003 jH0-000 p0-001
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S. Name of Antibiotics Comparison of probability level of variance among surces ofS. aureus isolates
No. . -
° Human Meat piece Horse Pig Camel Dog Sheep Buffalo Goat Cattle
oo M 000
31. Nitrofurantoin &7 NS NS NS NS NS NS NS NS opp7
0.029 [0.000 (~0.000 H0.000 40000
32. Norfloxacin go,ooo' B*%%, G*%, BO009 (0000 NS NS Q044 40029 NS 000 10009 HO.000 10000 pou
(0-000
M{001L po.001
33. Oxacillin o0 ;304000 0000 000 Ho-011 NS NS NS §g 001 40000 40-000 40-000 Ho-000
0.000 10000
D0:026 P.000 B0.001 DO-027 000 H™ Mt j0.001
\ ’ ' P00 0029 01 [$.039" 0.000 §#40.001 .029 0.000 4400001
34 Penicillin -G G0-000 B 003 o001 oo 0038 0026 pg0.027 H"OSOOO oFgoa ooor M0-003 H o7’ M P | H p M(}os
C0.000 co 001 coo® ‘éoo 005 BTG <0.008 S FES
. . 50,000, Bo,ooza’ Go.ooo, Soooo B 006 <L.038 Soooo B 019 Ho- 000 Mt 000 H0‘003, Mto.ooe,
35. Piperacillin 0000 Go.000 Coooo NS GO0 0 00 NS Hre s ;pooo poss HO-000 \4t0.000 PO00 | |40.000 £740.000 .00
] . Mt0038 034 0009 ! . . !
36. ?Ia‘;e()rgggltgr; P03 BO 000 0. 000 (H:szfg (C NS NS }p.034 0-000 j0-003 40-000 HO0% mt>0% H%9%, mt>0r°
o 000
0.000 p££0.003 .005
37. Polymxin —B @ooo o003 NS NS e NS (Ohad o000 o000 gooog éﬂtooo GOJSOO
M0-000 [0.000 30.000 0.000
’ ’ ’ Ho-000 J-oor 0.001 ~0.000 0.000 ~0.000
38. | Tetracycline Goo i NS | NS | Mlamgios || HO% 2% ™ | NS HPO00 O8O0 | o0 pois oo | Mooy O
Mt 003 poo12 § ooo Ho-008
39. Ticarcillin Bg 000 CEO .000 (:0 000 GO,OOI NS NS NS H'Olz HO'000 HO'000 HO'OOO, MtO.ODl HO'000
DO-004 <0.000 50000
40. TiC&fC“"O"’ ) GO-OOd ' ' GP-000 (0,042 NS NS @027 j40.004 j40-000 j40-000 HO-000 \q40.000 027 [H0.000 \110.042
Clavulanic Acid o000
Mt,-001p 0004 g0.000
41. TObramyCin Go 000 Co 000 HO'001 NS NS NS H'OM NS H)'OOO HO'000 HO'000
Mi0.024 p0.045
42. Vancomycin NS | NS NS NS B NS cooos ’ NS BP-00¢

H = Human, Mt = Meat piece, Hrs = Horse, P = Pig,Jamel, D = Dog, S = Sheep, B = Buffalo, G = G@at Cattle

Superscript showing exact value of probabilityeleaf variance
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Among the 128 isolates &. aureusKumaret al (2010) reported similar antibiogram for tetragye| gentamicin, kanamycin, methicillin and oxawilvith
less resistance but contrary to present study,réqayrted vancomycin (100% sensitivity), ampicill84.4% sensitivity) and penicillin G (22.7% rearste).

Akindeleet al (2010) reported resistance pattern of $0@ureustrains obtained from human clinical infectionsl &mund that 90% of isolates were resistant to
ampicillin, 96% to penicillin, 16% to ceftriaxon89% resistant to gentamicin similar to present \sthdt 71% resistance to tetracycline and 34% &gt to
chloramphenicol are higher resistance in compariegmesent study.

Similar antibiogram was reported from a total o5 Iilk samples from cattle (34.78%), buffalo (34@)8 goat (17.39%) and sheep (13.04%) from whicl$25
aureuswere isolated by Sharned al. (2011). Almost 80-90% of the isolates showadltiple drug resistance to majority of thetimicrobial agents tested such
as ampicillin, cloxacillin, kanamycin and vanngin. While several isolates were found suscéptinthe tetracycline oxacillin and ciprofloxacin.

Sharmaet al (2013) reported antibiogram study of $5aureussolates from 46 nasal swabs from pneumonic caamdisfound that higher resistance toward
penicillin-G and ampicillin and higher sensitivityr ciprofloxacin, chloramphenicol, gentamicin, penem, ampicillin/Sulbactum, nitrofurantoin anddaeycline like
present investigation.

Roy et al. (2015) studied antibiotic resistance patterrSofaureusobtained from hospital environment and volunteeosking in the hospitals and close to
present study results they reported In case ofitabspolates, higher resistance was observed agampicillin (83.33%). Moderate resistance obsgragainst
ciprofloxacin (33.33%) and tetracycline (33.33%).

Yadavet al. (2015e€) reported similar antibiogram from same arfestudy, who studied thirty tw®. aureussolates obtained from mastitis of cattle and &loff
using 33 antibiotics belonging to different categsrand generations. Antibiotics such as doxycgclgentamicin, methicillin and tobramycin were meféective
against all isolates. In case of resistance patteaximum resistance was exhibited against polyrxand cefixime like present study.

In the present investigation significant differercehe antibiogram pattern among different soueS. aureusmay indicates pattern and frequency of use of
various antibiotic among human and animals. Thib@tics of initial generations showed lower effigas than the antibiotics of latest generationg d@halysis of the
antibiogram revealed that the susceptibility argistance shown by the isolates was dependent oof tise antibiotics and source of sample i.e. les=use more the
susceptibility of the isolates was detected. Mawnykars have worked wit8. aureusf various origins in regards to their antibiogrpatterns and found th&t aureus
are endowed with capability of developing resistatmvards an antibiotic against which isolates eaqgosed even for shorter periods. Further if exposo same
antibiotics is removed, the isolates become sudtepd that antibiotic against which they werepoesly resistant.

Multiple Antibiotic Resistance Index (MAR) value

In the present investigation, all tise aureussolates were multidrug resistant (MDR) isolatégaept one cattle/C3R). In an effort for risk assesnt of MDR
isolates this index was given by Krumperman (1983)is index is an epidemiological tool which is dskr risk analysis of environment through bacteria
contamination and now a days it is used to asshether the group of isolates/ individual isolats beginated from an environment where severabaiics have been
used or not. Index of isolated group of bacterdiiidual bacteria if greater than 0.2, implies thains of such bacteria originate from an envitent where several
antibiotics were used and more than 0.2 MAR graugmi high risk potential source of spread MDR.

In the present study all multidrug resistant issdatvere evaluated for their both group and indi@idvultiple Antibiotic Resistance (MAR) index. lhe group
MAR, S. aureussolates from human sources (0.40) had highest Mliex and sources from camel (0.25), meat pie@@4), pig (0.23) and horse (0.21) has more than
0.20 MAR in decreasing order. Other grougSofaureudsolates of animal sources such as cattle, ddfglbugoat and sheep had less than 0.20 MAR asritles in
table 16. In the individual isolate MAR index, totd the 157 isolates 66 (42%) isolates had O.thore than 0.2 MAR index value with high risk potehsource of
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spread MDR. These isolates comprised most of huandrmmeat piece isolates while 91 (58%) isolatesléssithan 0.2 MAR index value with less risk seur€ MDR
containing most of animal origin isolates (Tablg.17

Similar to present study Adeyemi al (2015) reported more than 0.2 MAR index am&a@ureussolates obtained from diseased human individi&itsilarly,
Vijayalakshmiet al, (2013) screened 13. aureusisolates from human wound samples for nine diffeigroup of antibiotics and found that 100% isadateere
multidrug resistant with more than 0.22 MAR ind€&tose to our results, Udolet al. (2013) reported MAR inde$. aureudsolates obtained from various clinical
sample of human sources and detected that 79@&%%06and 76.5% of wound, skin, and bed isolatedsMhR index greater than 0.25%.

Shamila-Syuhadat al. (2016) studied the antibiotics resistance an®ngureussolates isolated from raw milk samples obtaimednfsmall scale dairy farms
and reported similar results with present study MAR index ranging from 0.08 to 0.67. Adit al. (2015) studieds. aureudsolates from mastitic milk samples of
buffalo in Egypt and found that most of isolatesihg more than 0.28 MAR index in comparison to préstudy while only few isolates having less thidhMAR.

Table 16: Detection of group Multiple Antibiotic Resistance Index (MAR) value among sources & aureusisolates.

S. No. Source of Isolate Total No. of isolate Aggrte antibiotic resistance score Group MAR indduea Significance
1. Human 35 585 0.40 Greater than 0.2 MAR Indexgmfup indicates thal
2. Meat piece 20 192 0.24 several antibiotics were used in that group andemor
3. Horse 3 27 0.21 than 0.2 MAR group is an high risk potential souofe
4. Pig 2 19 0.23 spread MDR
5. Camel 8 84 0.25
6. Dog 6 23 0.10
7. Sheep 6 19 0.08
8. Buffalo 21 89 0.10
9. Goat 28 100 0.09
10. Cattle 28 187 0.16
Decreasing Order of MAR index Value: - Human > Chmbleat pieces > Pig > Horse > Cattle > Dog = Bldf>Goat > Sheep.

Table 17: Detection and Distribution of Multiple Antibiotic Resistance Index (MAR) value among individial S. aureus isolates.

S. No. MAR Index Value Type Isolate 1.D. No. of Isolate No.'of antibiotic, Which the MAR Index Value Significance
(MAR) isolate was resistant

1. MAR1 H2 1 34 0.81
2. MAR2 H1 and H8 2 32 0.76
3. MAR3 H3 and H4 2 31 0.74
4. MAR4 H5 1 29 0.69
>. MARS H29 1 28 0.67 66 (42%) isolates had 0.2 or mofe
6. MARG al 1 25 0.6 than 0.2 MAR index value with
LE MAR7 H27 1 23 055 high riék potential source of
8. MARS8 J4 1 21 0.50 spread MDR
9. MAR9 H25, Mt26 2 20 0.48
10 MAR10 H7 and H48 2 19 0.45
11. MAR11 H24, H39, H46 and C29 4 18 0.43
12. MAR12 H40 1 17 0.40
13 MAR13 H30 and Mt2 2 16 0.38
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14. MAR14 H28, J14 and C39 3 15 0.36
15. MAR15 H33, H37, H45, Mt3, C37 and C43 6 14 0.33
16. MAR16 Mt4, Mt9 and J18 3 13 0.31
17. MAR17 Hrs3 and C12 2 12 0.29
18. MAR18 H12, H21, H34, H44, Mt27, Pg2 and C52 7 11 0.26
19. MAR19 H14, H22, Mt19, J3, B24, C13, C41 and C46 8 10 0.24
20. MAR20 H11, H15, Mt13, C34 and Hrs4 5 9 0.21
21. MAR21 H41, Mt1, Mt10, Mt15, Mt22, Mt24, Mt25, 198, Pg4, B27 and C5R 11 8 0.20
22. MAR22 H13, Mt14, Mt20, Hrs1, J9, J10, B1, BB55, C36 and C40 11 7 0.17
23. MAR23 H10, Mt11, Mt12, J15, AG8 and G9 6 6 0.14

H9, H16, H31, J2, D7, D9, SN4, B23, B26, B30, B8&15, G24, G29, G39,
24, MAR24 G46, G49, C23 and C26 19 5 0.12

91 (58%) isolates had less than
25. MAR25 Mt31, D4, B21, B28, B31, B34, B42, B4 B AG13, G1, G7, G16 and G21 14 4 0.10 0.2 MAR index value with less
risk source of MDR

D6, D10, D13, SV2, SV3, SN3, SN14, B29, B36, AG&R6 AG17, G2, G11,
26. MAR26 G40, G41, G55, C2R, C7, C8, C11, C17, C20 and C50 24 3 0.07
27, MAR27 Sv4, B5, B10, B19, AG10, G10, G35, G37, G43, G4&73C2, C9, C15, C27 16 2 0.05

and C47
28. MAR28 C3R 1 1 0.02

MIC determination of S. aureusisolates

Antimicrobial resistance is increasing day-by-dag & a major problem for diseases managementisoséry necessary to know the exact dose of aittbi
which can be used for avoiding indiscriminate osumsie of antibiotic for disease management. Mininiinibitory concentrations (MICs) are defined as khwwest
concentration of antibiotics that will inhibit thsible growth of a microorganism after overnigh¢ubation Minimum inhibitory concentrations (MICaje considered
the "gold standard’ for determining the susceptjbdf organisms to antimicrobials and are therefased to judge the performance of all other mettubdusceptibility
testing. MICs are used in diagnostic laborator@esdnfirm unusual resistance, to give a definiareswer when a borderline result is obtained byrotinethods of
testing, or when disc diffusion methods are norapgate (Andrews, 2006).

In the present investigation, all 157 isolates wsrgjected to MIC determination for eight antibistby Ezy MIC™ Strip method (Fig. 11). Average Mig
the eight antibiotics in the present study are shimithe table 18.

Among all sources of isolates, highest MIC valueanithromycin (185.43 mcg/ml), vancomycin (1.52 #nay, gentamicin (36.22 mcg/ml), chloramphenicol
(212.20 mcg/ml) and penicillin (32.00 mcg/ml, equath horse) was recorded for human isolates, vauexacillin (32.60 mcg/ml) for camel isolates, wal of
ciprofloxacin (32.0 mcg/ml) for equally horse and pnd highest MIC value of ceftriaxone (42.30 may/was found for buffalo isolates. While lowest®Value of
azithromycin (3.0 mcg/ml) for pig, value of vancarity (0.90 mcg/ml), oxacillin (0.06 mcg/ml), ciprofacin (5.75 mcg/ml), ceftriaxone (2.17 mcg/ml) gaahicillin
(0.74 mcg/ml) for sheep isolates, value of gentam(t.31 mcg/ml) for goat isolates and lowest Mi@lue of chloramphenicol (1.83 mcg/ml) was found Horse
isolates.

Since many variations and wide ranges of highedtlawest were found in the MICs value of studietitaotics for S. aureudsolates from different sources
thus the statistical analysis was carried out amdparison of MIC value of each antibiotics betweanh source of isolate was made. The isolatesdifferent sources
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showed highly significanfp(< 0.01) variation in their MIC values for three d&iitics namely azithromycin, ciprofloxacin and paltin, significant variation p <0.05)
for vancomycin, and no significant variatiqee(0.05) for ceftriaxone, chloramphenicol, gentamignd oxacillin as described in table 19.

In the present study significant £ 0.05) variations for MIC values of four antibiatithus except ceftriaxone, chloramphenicol, gerdganand oxacillin >
0.05), all sources of isolates were further sukjgéddb Duncan’s Homogeneous Subsets analysis (DMRWean+ SEM values of MIC of antibiotics at lewad 0.05,
different superscripts indicating significant vaioas at p < 0.05) level (Table 14). In the DMRT analysis manimthree subsets were detected for ciprofloxacth an
two subset were reported for azithromycin, penicéind vancomycin (Table 20). Further the Bonferammrection was carried out to find out exact eabi probability
level of variance of MIC values among different mms ofS. aureussolates. It was found th&. aureussolates from human and meat piece sources wgnédisantly
variable withp < 0.0001 probability level of variance with oth&iraal origin sources for azithromycin, ciprofloxa@nd penicillin (Table 21).

Hierarchical ascendant cluster analysis of MICauealthrough mean values of MICs of antibiotics mgjeb. aureusisolates was carried out by Squared
Euclidean Distance (SED) and the between-grouadi@a method. The isolates were clustered into threeps at 5.0 rescaled cluster distance, oneeclastmprising
of buffalo, cattle, sheep, dog, pig and goat isasecond cluster included horse, camel and e jsolates while third cluster included humanates (Fig. 12). All
three clusters had significant variatign<0.05) among each other. Overall lower MICs of stddantibiotics were recorded among animal origafai®s in comparison
to human origin isolates.

Amorenaet al. (1999) reported MIC of slime producii®) aureusbtained from mastitis samples and found MIC valfipenicillin (0.031 mg/L), gentamicin
(2.0) mg/L and vancomycin (1.0 mg/L) and MIC vahfeciprofloxacin (0.25 mg/L). They detected lowalwes of MIC of studied antibiotic from same mastiource
in comparison to present study. It indicates thil whe difference of time MICs of antibiotic shodvencreasing pattern. Barcia-Macay al. (2006) studied standard
strain of S. aureus(ATCC 25923) and found lowered MIC in comparisonpresent study such as MIC of azithromycin (0.5liteg), gentamicin (0.5 mg/liter),
penicillin (0.015 mg/liter), oxacillin (0.125 mg#ir), vancomycin (1.0 mg/liter) and MIC of ciprofiacin (0.125 mg/liter). Higher values of MICs aihge antibiotic in
the present study may indicate the exposure af fighins with antibiotics in routine.
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Table 18: Determination and Distribution of Minimum Inhibitory Concentration (MIC) of following antibi otics for studiedS. aureus isolates.

Antibiotic with average value of MIC in mcg/ml
Source of Total No. illi ici i icilli
S. No. Isolate of isolate | Azithromycin (0.016- | Vancomycin (0.016- ((Oj)galgl_hznsﬁ ((Boe(r)](tsiqg& Ciprofloxacin (0.002- | Chloramphenicol (0.016- C(nggllz)fggg (Poeggzllglz
256 mcg/ml) 256 mcg/ml) ’ : 32 mcg/ml) 256 mcg/ml) ' '
mcg/ml) mcg/ml) mcg/ml) mcg/ml)
1. Human 35 185.43° 1.52° 3.89 36.22° 28.19 12.20° 20.17 32.00°
2. Meat piece 20 97.20 1.47 3.95 5.93 31.20 3.60 11.15 30.10
3. Horse 3 86.34 1.17 0.50 8.00 32.00° 1.83° 6.00 26.67
4. Pig 2 3.00° 1.50 0.32 11.00 32.00° 5.00 4.00 32.00°
5. Camel 8 76.48 1.25 32.60° 17.00 26.50 3.38 16.04 26.00
6. Dog 6 34.58 1.0 0.30 5.21 20.67 2.17 4.19 4.42
7. Sheep 6 12.50 0.90° 0.06" 1.42 5.75° 2.33 217° 0.74°
8. Buffalo 21 5.19 0.92 12.32 3.43 12.77 9.12 42.30° 2.60
9. Goat 28 14.10 1.12 0.20 1.31° 10.31 2.65 23.78 5.83
10. Cattle 28 51.21 1.20 1.04 8.10 6.70 3.00 8.50 8.70
Average value of MIC of each antibiotic for totabiates
Total no. of isolates 157
73.40 1.22 4.92 12.35 18.38 5.85 18.55 16.35

Superscript: a — Highest value of MIC of Azithroritycvancomycin, Gentamicin, Chloramphenicol anchiiéin (equal with horse) for Human, MIC of Oxdlzi for Camel, MIC of Ciprofloxacin for equally mse and pig and
Highest value of MIC of Ceftrioxane for buffalo.
b- Lowest value of MIC of Azithromycin for pig, MIGf Vancomycin, Oxacillin, Ciprofloxacin, Ceftriora and Penicillin for Sheep, MIC of Gentamicin @Gwat and lowest value of MIC of Chloramphenicoltiorse.
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Table 19: Analysis of variance of Mean+ SEM valuesf Minimum Inhibitory Concentration (MIC) of antibi otics for S. aureus isolates.

S. No. Source of variation MSS
1. Azithromycin 78144 .592%*
2. Ceftriaxone 2271.111s
3. Chloramphenicol 278.629'S
4. Ciprofloxacin 1710.811**
5. Gentamicin 3071.996°
6. Oxacillin 971.92)S
7. Penicillin 2770.524%*
8. Vancomycin 0.787*

i. Degree of freedondf)= 9
ii. *= Significant £ <0.05)
ii. ** Highly significant (p < 0.01)
iv. NS = Non-significantg> 0.05)
v. MSS = Mean Sum of Square

Table 20 : Duncan’s Homogeneous Subsets analysisMéan+ SEM values of Minimum Inhibitory Concentration (MIC) of following antibiotics for S. aureus

isolates.
S. No. Name of Antibiotics MIC Mean+ SEM values of isolate (No. of isolate)
Human (35) Meat piece (20| Horse (3) Pig (2) Caf@g! Dog (6) Sheep (6) Buffalo (21) Goat (28) Catfl8)
1. Azithromvcin 185.43+ 3.00+ 76.37+ 34.58+ 12.50+ 4.98+ 13.98+ 51.20+
Y 17.430 97.20+21.513 | 86.33+ 84.667 0.006 17.778 31.482 10.30% 2.948 9.13¢ 16.686
2. Ceftrioxane 2017+ 7.176 11.15% 6.00+ 4.00+ 16.04+ 4.18+ 217+ 42.29+ 23.78% 8.45+
T 2.892 3.000 0.000 11.440 0.989 0.307 19.570 12.472 1.467
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: 1.83% 5.00x 3.38% 217+ 2.33% 0.11+ 2.64+ 2.99+
Chloramphenicol 12.20+7.179 860+0.245 | (59 1.000 0.183 0.307 0.333 4.461 0.203 0.286
: ; 32.00+ 32.00+ 20.67+ 5.75% 12.76z 10.30z 6.70
Ciprofloxacin 28.18:1616 | 31.20£0.800 | ;555 0.006 26.50£2.922 | 5 ynqe 5.167 2.718" 2.204" 1.888
P 36.22+ 5.02+ 8.00x 11.00+ 17.00+ 5.20+ 1.41% 342+ 131+ 7.96
29.088 1.331 4.000 5.000 3.273 2.789 0.167 0.938 0.254 2.055

Oxacillin 2.88+ 1064 3.95¢ 0.47+ 0.31 3258+ 0.29+ 0.05% 12.32% 0.19+ 1.03+
1.890 0.000 0.000 31.857 0.000 0.000 12.143 0.000 0.296

Penicillin 32.00+ 30.10+ 26.67+ 32.00 26.00+ 441+ 0.74= 2.50+ 5.82+ 8.70x
0.000 1532 533 0.000 2.928 1.667 0.333 0.713 1537 2176

Vancomycin 151+ 1.37+ 1.16% 150+ 1.25% 0.95= 0.87x 0.91+ 111+ 1.18+
0.060 0.108 0.333 0.000 0.189 0.167 0.000 0.000 0.090 0.262

Duncan’s Homogeneous Subsets (DMRT) analysis ot&EM values of diameter of inhibition zone penfed at level of 0.05, different superscripts inti@gsignificant variations ap(< 0.05) level
Value in parenthesis indicates no. of isolates

Mean comparisons have been made for a row
Mean superscribed by similar alphabet show nonigignt difference > 0.05)
Mean superscribed by different alphabet show 8agmit (p < 0.05)
Mean not superscribed by alphabet indicates, nifean value has not processed for DMRT
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Table 21: Analysis of significance level of variareof Minimum Inhibitory Concentration (MIC) of anti biotics by Bonferroni test for S. aureusisolates.

S. No Name of Antibiotics Comparison of significance level among SourceS.afureussolates
uman eat piece orse i ame o] ee uffalo oat attle
H Meat pi H Pig C | Dog Sheep Buffal G Cattl
Azithromycin M Pz
g Dot G000, | 0.004, gO.OIL 024 0.001 0.000 0.000, § 0.011 0.000 §:0.019 0.000
1 OO0 2000 | G001 NS NS H HO HO HO-000: \t HO-000 - HO
CO,OOO
2. Ceftriaxone NS NS NS NS NS NS NS NS NS NS
3. Chioramphenicol NS NS NS NS NS NS NS NS NS NS
N A 0.00C 0.00C
4 Ciprofloxacin .000, g0-000 000 Bo.oot{ So.OZQ 0033 o048 50.013‘ Go.oos‘ NS Ho.ooo‘ Mto.oot{ 0000 0000 Ho.oot{ Mto_ooo‘ <0004 M;o_ms’
GO'OO, CD.OOO GO'OO, CD.OOO CO.OO4 CO.OOO HTSO'OZO, j).OlB‘ ’ Hl’SO'033, \f).OOG JO.OOO ’
5. Gentamicin NS NS NS NS NS NS NS NS NS NS
Oxacillin
6. NS NS NS NS NS NS NS NS NS NS
PeniCi”in .UU(‘ §.(.)UlY U.UU(‘ §.(.)UlY U.UUJ‘ §.(.)UlY U.(.)UlY .UU(‘ U.(.)UlY .UU(‘ U.UU(‘ ,\/lt(J.UUlY HO.OOO MtO.OOO 0.00C MtU.UU(‘ 0.00C MtU.UU(‘ U.(.)UlY '\/ItU.UU(Y
7. BO.OOO‘ GO'OOO, BO.OOO‘ GO'OOO, BO.OOO‘ GO'OOO, BO'OOO, GO.OOO‘ BO'OOO, GO.OOO‘ HrSO.OOl Ij).OOOY HrSO.O‘OO Fp.OOO \f).OOé HrsO.OOO Fp.OOO‘ HrsO.OOO Fp.OOO‘ HrsO.OOZ F{).OO:[Y
CO.OOO CO.OOO CO.OOZ CO.OO]. CO.OOO JO.OOO ’ ’ JO.OOO JO.OOO JO.OOO
8. Vancomycin Boo%8 NS NS NS NS NS NS 9%, NS NS

H = Human, Mt = Meat piece, Hrs = Horse, P = Pig,0amel, D = Dog, S = Sheep, B = Buffalo, G = G@at Cattle

Superscript denotes exact value of level of sigaifce

Russiet al. (2008) reported similar MICs fd8. aureussolates from mastitis as in the present studyyTibolated 95. aureusstrains causing both clinical and

subclinical bovine mastitis from 61 dairy farmsAngentina and detected MIC50 and MIC90 as follopsnicillin, 0.05 and 4 microg/ml; oxacillin, 0.2% 0.25
microg/ml; gentamicin, 0.25 and 0.5 microg/ml. Sanito present study in an MIC study of 148 foomjjiorisolates ofS. aureusereiraet al. (2009) found that 38% of
the isolates were resistant to oxacillin with >@rmicrog/mL MIC. Similar MICs were also reported dgponiet al. (2010) during study of 358. aureussolates from
the hospitalized patients and determined their MlCg/ml) and MIG, (Lg/ml) for oxacillin, vancomycin, ciprofloxacinnd gentamicin. MIG, (ng/ml) were 256.0, 2.0,

32.0 and 250.0 while Mig(ug/ml) were >256.0, 4.0, 32.0 and 256.0 respegtiice mentioned antibiotics.

F.

MRSA (mecA gene), Beta-lactamaséb(aZ gene) ESBL and VRSA activity:

Since 1970s$. aureusstrains have acquired resistance to the penadérstable penicillins and become a major problemdwide. The resistance is the result

of a penicillin binding protein (PBP-2a) encodedtbg chromosomahe® gene. These strains historically are termed ro#lihi resistantS. aureus(MRSA) and are

resistant to beta-lactam antibiotics. These strpnosluced penicillinases (beta lactamase) encogdadebochromosomablaZ gene and other Extended-spectrum beta-

lactamase (ESBL) enzymes and become not only aesist penicillin but also to cephalosporins, maibms and carbapenems antibiotics. Researcherd foe way

to combat MRSA through glycopeptide antibiotic vamycin and increasing prevalence of MRSA infectitias led to the extensive use of vancomycin. Ih-fac

vancomycin was the treatment of choice for MRSA&atibns. However, the overuse of this antibiotis leal to the emergence of vancomycin resistaureustrains
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(VRSA). In the present study the phenotypic andotygic characteristic 0. aureudsolates in regards to MRSA, beta lactamase, E&BL VRSA activities were
investigated.

Of the 157 isolates, phenotypically, 85 (54.1%) evdetected as MRSA by MeReSa agar base method @éeRelective Supplement having Methicillin
2mg/ml + Cefoxitin 3mg/ml in 100 ml media) (Fig.18and 19 (12.1%) isolates were positive by metimicdisk (5mcg) methods (Fig.13B). Of the all sedlisources,
human, meat piece and cattle sources were found pusitive for MRSA by both phenotypic methods (€a22). The differences in the prevalence of MR§AW0
methods may be because of different concentrafianttiotic in the mentioned methods.

Vancomycin resistars. aureusactivity was detected in 52 (33.1%) isolates byoaamycin disc (30 mcg). Maximum VRSA activity (10p%as found in sheep
isolates followed by horse 66.6 % (2/3), buffalo18% (12/21) and human 51.4 (18/35) in decreasidgraand other sources were positive with variakelegntage as
described in table 22 but none of the isolate fpogn camel and dog was found to be positive for ¥RS

Beta-lactamase activity was present in 142 (90.&4%ntes (Fig.14). The activity was shown by 10@lates from human, meat piece, horse, pig and dog.
Extended-spectrum beta-lactamase (ESBL) activity @shibited by 108 (68.8%) isolates, with more tB&#6 isolates from human, pig and camel. Leasviactf
ESBL was detected in buffalo isolates and othercasuwere positive for Beta-lactamase and ESBlvigictvith variable percentage as described in t22le

In the present studynecAgene was found in 37 (23.6%) isolates with siragtelicon of 533bp (Fig. 15). Highest prevalence vex®rded in human (51.4%)
followed by horse (66.6%) meat piece (40.0%) amdedd37.5%) in decreasing order and none of thiatise from pig, dog and goat was positive. Ble&Z gene was
found in 137 (83.3%) isolates with single ampliadrb17bp (Fig. 16). Isolates from human, horse,vpége 100% positive while other isolates was fotmbe positive
with variable percentage (table 23).

In the present study three isolates were MRSA peshiy both phenotypic methods bmecAgene was absent (H46, Mt24 and C41) and five isslatere
MRSA negative by both phenotypic methods tmgicAgene was present (H31, Mt10, Mt11, Mt14 and C47).

Similar to present study, Murakaet al. (1991) reported that three strains (3%) of frilelcApositiveS. aureussolates exhibited resistance to both oxacillid an
methicillin as thenecAnegative ones and did not produce detectable aimofi?BP 2' despite the presence ofrtieeAgene. Similarly, MO and Qi-nan (1997) studied
184 strains of. aureusbtained from human clinical infections for raplietection of MRSA. A total of 57 of 58 oxacillingistantS. aureustrains werenecApositive,
whereas 3 of 126 oxacillin-susceptible strains weeeApositive.

Memon et al. (2013) studied 345. aureussolated from bovine subclinical mastitis from &ss China. The recorded (29%) resistance agaieshiaillin.
However high resistance rate against methicilliis ¥eund but no isolate was positive foecAgene, wheredslaZ gene was detected in 82% isolates.

Francaet al. (2012) identified molecular resistance markere@ andblaZ gene) ofStaphylococcuspp. (n=210) from small ruminant mastitis in Blazi
Although phenotypic resistance to oxacillin wasestied in 12.8% of the isolates but none of theaigoharbored thee® gene. However, 45.7% of the isolates
harboredlaz indicating that beta-lactamase production wasitbhegx mechanism associated with staphylococciteesis to beta-lactam antibiotics.

Mohanasoundaram and Lalitha (2008) reported 346¢22. MRSA isolates by both phenotypic and specifeRP(MmecAgene) from 150 isolates of human
clinical infections. Similar to present study tredgo reported, one isolate of MSSA revealed thegmee oinecAgene having the potential to become MRSA in future
It may be possible due to non-expressiomeicAgene and phenotypically MRSA detection insteadlifence omecAgene is indicating possibilities of presence of
mecAgene in a plasmid or presence of other uncommadahiailén resistance governing gene sucHes, mecl, mec@ndmecR{Lowy, 2003).

Oliveiraet al. (2000) reported less prevalencgidhctamase, they studied 811 strain§ofureusgsolated from bovine mastitis in Europe and thétéinStates.
Of the strain tested, 35.6% were positiveffédactamase on initial testing, with an additional34% positive after induction of penicillin.

Similar to present study, Bootst al. (2001) reported 27.9% (55/197) prevalence of nieAgene amondS. aureusisolates obtained from patients with
bloodstream, catheter tip, bone or joint, respisatract, ocular, soft tissue, wound and human gkiections. Lee (2003) studied various types eftrand clinical
specimens from cattle, pigs, and chickens for teegnce of methicillin (oxacillin)-resistait aureufMRSA) and found very low prevalence of MRSA andcAgene
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in comparison to present study. They reported 288MRom 421S. aureussolates phenotypically. Isolates from 15 of tlBespecimens were positive by PCR for the
mecAgene. Of the 1EhecApositive MRSA isolates, 12 were from dairy cows @were from chickens.

Arslan and Ozkardes (2007) reported, similar reswith ninety six (74.4%) positive strains of 129&abreusisolates forp-lactamase enzyme from human
clinical samples and close to present study, Tgtutet al. (2006) also reported 38 isolates (55.9%) welectamase producers from &3 aureusstrains from bovine
mastitc milk.

Similar to present study, Akindekt al (2010) reported 80% isolates wdkdactamase producer from 1@ aureusstrains obtained from human clinical
infections while Capurret al. (2010) found only 9% of the isolates ( from 82 aureudsolates) of clinical mastitic milk of dairy covAsfour and Darwish (2011)
conducted phenotypic and genotypic detection dfi brtcAandblaZ genes mediatepHlactam resistance in staphylococci isolated frawvife clinical and subclinical
mastitis and found that only one and twelve isslatas positive fop-lactamasellaZz gene) while none and five of isolates were posifr MRSA (necAgene) from
clinical and subclinical samples, respectively.

Suleimanet al. (2012) detected prevalence of methicillin resis@raphylococcus aureU®RSA) in bovine mastitic milk. From 108. aureusisolates 26
isolates were found to be MRSA. Among those MR3®, geneanecAwas found in two (7.6%) and tlidaZ gene in all the MRSA isolates. Schaumbetg@l. (2014)
analyzed 151 chicken meat samples where in 3% foare to be contaminated with ESBL productgaureudut none of the isolate carried MRSA as confirrbgd
the absence ahecAgene.

Similar to present study, Brevesal. (2015) studied antimicrobial susceptibility prefibf S. aureuson surfaces of medical articles and in profesdsoftam two
basic health units and found that among th& 3&ureus31.42% were methicillin resistant (MRSA), and%.8ere vancomycin resistant (VRSA). FurtheecAgene
was detected in 30.6% of studied strains. Shaahad. (2015) reported resistance pattern of2‘aureusobtained from 80 samples of cattle and buffaldwitnical as
well as sub-clinical mastitis. Drug sensitivity eaded that 18 isolates were methicillin-resistartile the remaining (09) were methicillin-suscefilSimilarly, 24S.
aureusisolates were intermediate to vancomycin but ntats was resistant to vancomycin in comparisqorésent study.

Xu et al. (2015) reported results similar to our study, vehadied 28S. aureussolates obtained from 209 mastitis milk samplesowv. During study the most
prevalent antibiotic resistance gene W&z conferring the resistance to 23 (82.1%) isold@kwed bymecAto 10 (35.7%) isolates. Rat al. (2015) isolated 125.
aureusisolates from the hospital and 45 isolates froentthnd swab of volunteer’s working in the hospitalnd vancomycin resistance pattern. In hospitaie of the
isolate was resistant to vancomycin and only 11.iskates were intermediates while similar to asults, 20% isolates from volunteers were resistamancomycin.
Wadekaret al. (2015) studied 3%. aureugsolates from 100 pus samples of chronic osteaitig/sliffered patients and similar to present stiMRSA was detected in
14(40%) isolates but contrary to present study rabiem were sensitive to vancomycin.

Table 22: Detection of MRSA, VRSA-lactamase production and ESBL activity amonds. aureusisolates.

MRSA activity (%) o ) )
S. No. Source of Isolat€ Tc?tsa:)llgtc()eof MeReSa Agar Base method Methicillin disc method VRSA activity (%) p-lactamase production(%) ESBL Production (%)
P N P N P N P N P N
1. Human 35 28 (80.0) 7 (20.0) 10 (28.5) 25 (71.4) 18 (51.4) 17 (48.5) 35 (100.0) 0 (0.0) 31 (88.5) (11.4)
2. Meat piece 20 14 (70.0) 6 (30.0) 2 (10.0) 18P0 5(25.0) 15 (75.0) 20 (100.0) 0 (0.0) 14 (70.0) 6 (30.0)
3. Horse 3 3 (100.0) 0 (0.0) 0 (0.0) 3 (100.0) @ 65 1(33.3) 3 (100.0) 0 (0.0) 1(33.3) 2 (66.6)
4. Pig 2 2 (100.0) 0 (0.0) 0 (0.0) 2 (100.0) 0])0.0 2 (100.0) 2 (100.0) 0(0.0) 2 (100.0) 0 (0.0)

170




5. Camel 8 4 (50.0) 4 (50.0) 1 (12.5) 7 (87.5) 00) 8 (100.0) 7 (87.5) 1 (12.5) 7 (87.5) 1 (12.5)
6. Dog 6 2 (33.3) 4 (66.6) 0 (0.0) 6 (100.0) 0)0.0 6 (100.0) 6 (100.0) 0 (0.0) 3 (50.0) 3 (50.0)
7. Sheep 6 4 (66.6) 2 (33.3) 0 (0.0) 6 (100.0) ®Q) 0 (0.0) 5 (83.3) 1 (16.6) 3 (50.0) 3(50.0)
8. Buffalo 21 7(33.3) 14 (66.6) 1(4.7) 20(95.2) | 12 (57.14) 9 (42.8) 16 (76.1) 5 (23.8) 9 (42.8) (a2.14)
9. Goat 28 10 (35.7) 18 (64.2) 0 (0.0) 28(100.0) | (2B4) 22 (78.5) 21 (75.0) 7 (25.0) 20 (71.4) 8.5
10. Cattle 28 11 (39.2) 17 (60.7) 5(17.8) 23(32.1 | 3(10.7) 25 (89.2) 27 (96.4) 1(3.5) 18 (64.2) 0(35.7)
Total 157 85 (54.1) 72 (45.9) 19 (12.1) 138 (87.9) | 52 (33.1) 105 (66.9) 142 (90.4) 15 (9.5) 108 (68.8) | 49 (31.2)

Abbreviations:- P- Positive, N- Negative

Table 23 Detection ofmecA (MRSA) and blaZ (pB-lactamase) gene amon§. aureusisolates.

mecAgene (%) blaz gene (%)
S. No. Source of Isolate Total no of isolate (533bp) (517bp)
P N P N
1. Human 35 18 (51.4) 17 (48.5) 35 (100.0) 0 (0.0)
2. Meat piece 20 8 (40.0) 12 (60.0) 19 (95.0) 0)(5.
3. Horse 3 2 (66.6) 1(33.3) 3(100.0) 0 (0.0)
4. Pig 2 0 (0.0) 2 (100.0) 2 (100.0) 0 (0.0)
5. Camel 8 3(37.5) 5 (62.5) 7(87.5) 1(12.5)
6. Dog 6 0 (0.0) 6 (100.0) 5 (83.3) 1 (16.6)
7. Sheep 6 0 (0.0) 6 (100.0) 5(83.3) 1(16.6)
8. Buffalo 21 1(4.7) 20 (95.2) 15 (71.4) 6 (28.5)
9. Goat 28 0 (0.0) 28 (100.0) 19 (67.85) 9 (32.14)
10. Cattle 28 5(17.8) 23 (82.14) 27 (96.4) 1 (3.5)
Total 157 37 (23.6) 120 (76.4) 137 (87.3) 20 (12.7)

Abbreviations:- P- Positive, N- Negative
Superscript:- a- Isolates were MRSA positive byhhglienotypic methods botecAgene was absent (H46, Mt24 and C41), b- Isolates M&SA negative by both phenotypic methodsrhatAgene was present (H31, Mt10, Mtl
Mt14 and C47)
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mecA gene sequence analysis
The sixmecAgene positive isolates from this study, namely It human, B1 from buffalo, C12 from cattle, Hfs@m horse, J18 from camel and Mt2 from

meat piece were got sequenced. First of all theesesps were BLAST at NCBhitp://blast.ncbi.nlm.nih.gov/Blast.ggand confirmed amecAgene sequences 8f

aureusstrains. During BLAST ofmecAgene sequences it was found that sequences enprasidy not only align with 100% similarities azefo gap withs. aureus
strains but also withS. epidermidis(KP265313) S. schleiferi (AP014944), S. haemolyticus(KM369884) and some otheStaphylococcusspp. etc.

(http://blast.ncbi.nim.nih.gov/Blast.cgi#92818996% may indicates the interspecies transmissibrmecAgene and methicillin resistance among environnoént

bacterial habitat.

The sequence analysismmecAgene revealed some nucleotide variations, oné@&{&/tosine replaced by adenine) position, anah&78 (adenine replaced by
thymine) position and additional 16 nucleotide misa (GGTACTGGCAGAAACA) from 467 to 481 position icattle (C12) sequence as mentioned in figurd h&se
variations were found to be non-significapt (0.05) during analysis of codon based test ofraétyt Two distinct clusters with 0.0022 scaledtdince were found in
phylogenetic tree analysis afiecAgene sequences of the present study, first clugsrincluding sequence of cattle (C12) isolate secbnd cluster comprising

sequences of remaining other isolates as depiictifigure 18.

172



10 20 30 40 50
S o e e e [ I [P [ (|
Bl MecA 1 TACAAGATAT GI AAATGGTAATATCGACT TAAAA €o.Vy\yle 50
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Fig. 17:The sequence analysisecA gene obtained from present study.

Multiple sequence alignment of present study secggwas conducted with reference sequences of N@Bbase to find out similarities and variationsveen
our sequences and reference NCBI sequences. Bguipose, four sequences of NCBI database sushqegence ID- JF710614 and JF778650 from bovindnaman
strain of India, respectively and Sequence ID- K9IEL and KF058908 from bovine and human straiBra&il, respectively (de Melet al., 2014) were chosen
according to source of isolation and geographigatians. The multiple sequence alignment of allusgrzes revealed 100% similarities (except cattbirsbdf present
study as describe earlier and one position at A7uman strain India). But bovine strain of Indevimg six nucleotide variation (one gap at 202 fasj and single
nucleotide variation at 210 position, 215, 464, 468 at 474 position) and bovine strain from Br&aiving more than 50 nucleotide variations at wexipositions in
comparison to other studied strains as describéukifigure 19. After multiple sequence alignmétnits concluded that nucleotide variations not otdypend on source
of isolation but also on geographic variations alude similarities between animal and human orsgiquences in the present study may indicate atesaction and
exchange of bacterial genetic material in betwselates from human, animals and cross infectiors(mpiece).

The statistic for codon-based test of neutralitiween sequences conducted The probability of iagthe null hypothesis of strict-neutrality & ds (ds and
dy are the numbers of synonymous and nonsynonymdsitstions per site, respectively) and non-sigaifit > 0.05) variations were found between all aligned
sequences except bovine strain of brazil was sagmfly (p < 0.05) variable with all other sequences as desdrib table 24. Phylogenetic tree analysis of rpldtalign
mecAgene sequences revealed that Brazilian bovinia ssranost far with 0.0941 scaled distance andrdgmaximum differences from all other align segesn€attle
(C12) and bovine strain from India are closer agghsated from other sequences with 0.0039 and 8.8€ded distances respectively. Sequence of h(iri4) strain,
meat piece (Mt2) and human strain from India areemadoser in compare to other sequences while seguef camel (J18) strain, horse (Hrs3), buffald)(Bnd
Brazilian human strain are more closer as depictirfggure 20.
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AsnHi s@G nl | eThr PheSer LeuLeud uEndHi sSer AsnEndAl aVa
110 120 130 140 150
T P [ (e (e (PP (PPt (PRPRPUP (PPN IR
Ar gAsnLeuLysLysAl aEndLysAsnEndVal LeuVal Lysl | eTyr
Ar gAsnLeuLysLysAl aEndLysAsnEndVal LeuVal Lysl | eTyr

%
:
%
%
3

Ar gAsnLeuLysLysAl aEndLysAsnEndVal LeuVal Lysl | eTyr

%
:
%
%
3

ArgAsnLeuLysLysAl aEndLysAsnEndVal LeuVal Lysl | eTyr

%
:
%
%
3

Ar gAsnLeulLysLysAl aEndLysAsnEndVal LeuVal Lysl | eTyr

%
:
%
%
g

Ar gAsnLeuLysLysAl aEndLysAsnEndVal LeuVal Lysl | eTyr
AAGAAAT TTGAAAAAGGCAT GAAAAAACTAGGT GI TGGT GAAGATATACC
Ar gAsnLeulLysLysAl aEndLysAsnEndVal LeuVal Lysl | eTyr
LysAsnSer LysLysVal EndAsnVal EndAl aLeuVal Lysl| | eSer

%
:
%
%
g

Ar gAsnLeuLysLysAl aEndLysAsnEndVal LeuVal Lysl | eTyr

%
:
%
%
g

Ar gAsnLeuLysLysAl aEndLysAsnEndVal LeuVal Lysl | eTyr
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148
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Bl M

Ci2 M

H14 M

Hs3 M

Ji8 M

JF710614

JF778650

KF058901

KF058908

M2 M

Bl M

Ciz M

H14 M

Hs3 M

J18 M

JF710614

JF778650

KF058901

KF058908

M2 M

Bov. | ND

Hu 1 ND

Bov. Braz.

Hu Braz.

Bov. | ND

Hu 1 ND

Bov. Braz.

Hu Braz.

160 170 180 190 200
R P (e (e (e (PP (APt (PRPAPEP (PPN IR
EYAAGTGATTATCCATTTTATAATGCT TTTCAAACAAAAATTTAGATA
G nVal Il el | eHi sPhel | eMet LeuLysPhed nThrLysl | eEndl | e

IS AAGT GATTATCCATTTTATAATGCTCAAAT T TCAAACAAAAATTTAGATA

G nVal Il el |l eHi sPhel | eMet LeuLysPhed nThrLysl | eEndl | e

IAMAAGT GATTATCCATTTTATAATGCTCAAAT T TCAAACAAAAATTTAGATA

G nVal Il el |l eHi sPhel | eMet LeuLysPhed nThrLysl | eEndl | e

UETVRAAGT GATTATCCATTTTATAATGCTCAAAT T TCAAACAAAAATTTAGATA

G nVal Il el |l eHi sPhel | eMet LeuLysPhed nThrLysl | eEndl | e

Iy AAGT GATTATCCATTTTATAATGCTCAAAT T TCAAACAAAAATTTAGATA

G nVal Il el |l eHi sPhel | eMet LeuLysPhed nThrLysl | eEndl | e

IENAAGT GATTATCCATTTTATAATGCTCAAAT T TCAAACAAAAATTTAGATA

G nVal Il el | eHi sPhel | eMet LeuLysPhed nThrLysl | eEndl | e

IEYRRAAGT GATTATCCATTTTATAAT GCTCAAATTTCAAACAAAAATTTAGATA

G nVal Il el |l eHi sPhel | eMet LeuLysPhed nThrLysl | eEndl | e
AEEWNE/\GTGATTAT CCAT TISTATAATGUICAAAT TTCAAIANEANRTTAGATA
ArgVal Il ell eHi sSerl | eMet H sLysPhed nl | eArgThr Endl | e
151
G nVal Il el |l eHi sPhel | eMet LeuLysPhed nThrLysl | eEndl | e

IR AAGT GAT TATCCATTTTATAAT GCTCAAATTTCAAACAAAAATTTAGATA

G nVal 11 el | eHi sPhel | eMet LeuLysPhed nThrLysl | eEndl | e

200

198

195

199

196

200

200

200

200

198

201

199

196

200

197

201

201

201

201

199

210 220 230 240 250

P [ [ L (e (e (e (PRPP (PPN PR
ATGAAATATTAT TAGCTGAT TCAGGT TACGGACAAGGT GAAATACT GAT Tiass)
Met LysTyr Tyr EndLeul | ed nVal Thr AspLysVal LysTyr EndLeu

ATGAAATAT TATTAGCT GAT TCAGGI TACGGACAAGGT GAAATACT GAT Tjiss]

Met LysTyr Tyr EndLeul | ed nVal Thr AspLysVal LysTyr EndLeu

IATGAAATAT TATTAGCT GAT TCAGGI TACGGACAAGGT GAAATACT GAT Tiis]

Met LysTyr Tyr EndLeul | ed nVal Thr AspLysVal LysTyr EndLeu

ATGAAATAT TATTAGCT GAT TCAGGI TACGGACAAGGT GAAATACT GAT Tjise]

Met LysTyr Tyr EndLeul | ed nVal Thr AspLysVal LysTyr EndLeu

IATGAAATAT TATTAGCT GAT TCAGGI TACGGACAAGGT GAAATACT GAT TiZaRs)

Met LysTyr Tyr EndLeul | ed nVal Thr AspLysVal LysTyr EndLeu

[ANGAAATATIEAT TIIGCT GAT T CAGGT TACGGACAAGGT GAAATACT GAT T2t

ArgAsniet | | eCysEndPheAr gLeuAr gThr Ar gEndAsnThr Asp

ATGAAATAT TAT TAGCT GAT TCAGGT TACGGACAAGGT GAAATACT GAT Te4sly]

Met LysTyr Tyr EndLeul | ed nVal Thr AspLysVal LysTyr EndLeu

ATGAAATAT T[€T TAGCT GAl®T CAGGT TAIIGGACAAGGSGAAATAIIT GAT T Y

Met LysTyr CysEndLeuThr G nVal Met AspLysAl aLysTyr EndLeu

ATGAAATAT TAT TAGCT GAT TCAGGT TACGGACAAGGT GAAATACT GAT Te4sly]

Met LysTyr Tyr EndLeul | ed nVal Thr AspLysVal LysTyr EndLeu

ATGAAATAT TAT TAGCT GAT TCAGGT TACGGACAAGGT GAAATACT GAT Tieegzxs]

Met LysTyr Tyr EndLeul | ed nVal Thr AspLysVal LysTyr EndLeu
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Bl M

Ciz M

H14 M

Hs3 M

J18 M

JF710614 Bov. | ND

JF778650 Hu I ND

KF058901 Bov. Braz.

KF058908 Hu Braz.

M2 M

260 270 280 290 300

TS P P R R P R P R R
VASKRAACCCAGTACAGATCCT T TCAATCTATAGCGCAT TAGAAAATAAT! ava
Thr d nTyr ArgSer Phed nSer | | eAl aH sEndLysl | eMet Al a

LA M AACCCAGIACAGAT CCTTTCAATCTATAGCGCAT TAGAAAATAAT ava

Thr d nTyr ArgSer Phed nSer | | eAl aH sEndLysl | eMet Al a

P AACCCAGIACAGAT CCTTTCAATCTATAGCGCAT TAGAAAATAAT ava

Thr d nTyr ArgSer Phed nSer | | eAl aH sEndLysl | eMet Al a

PASTORAACCCAGIACAGAT CCTTTCAATCTATAGCGCAT TAGAAAATAAT ava

Thr @ nTyr ArgSer Phed nSer | | eAl aH sEndLysl | eMet Al a

Py AACCCAGIACAGAT CCTTTCAATCTATAGCGCAT TAGAAAATAAT ava

Thr @ nTyr ArgSer Phed nSer | | eAl aH sEndLysl | eMet Al a

PAJVAACCCAGTACAGATCCT TTCAATCTATAGCGCAT TAGAAAAT AAT GGCAA

EndPr oSer Thr AspPr oPheAsnLeuEndAr gl | eAr gLysEndTr pG n

PAYAACCCAGTACAGATCCT TTCAATCTATAGCGCAT TAGAAAATAAT GGCAA

Thr @ nTyr ArgSer Phed nSer | | eAl aHi sEndLysl| | eMet Al a

713 AU COU GTHCARATHICT TTCAATITATAGOGCAT TAGAEAATAARGIAA

Il eLeuPheLysPhePhed nTyr || eAl aH sEndAr gl | eLysVal

PAYAACCCAGTACAGATCCT TTCAATCTATAGCGCAT TAGAAAATAAT GGCAA

Thr @ nTyr ArgSer Phed nSer | | eAl aHi sEndLysl| | eMet Al a

L MAACCCAGTACAGATCCT TTCAATCTATAGCGCAT TAGAAAATAAT GGCAA

Thr @ nTyr ArgSer Phed nSer | | eAl aH sEndLysl | eMet Al a
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Bl M

Ci2 M

H14 M

Hs3 M

Ji8 M

JF710614

JF778650

KF058901

KF058908

M2 M

Bl M

Cil2 M

H14 M

Hs3 M

Ji8 M

JF710614

JF778650

KF058901

KF058908

M2 M

Bov. | ND

Hu 1 ND

Bov. Braz.

Hu Braz.

Bov. | ND

Hu 1 ND

Bov. Braz.

Hu Braz.

310 320 330 340 350
P I S PR Pt (e (PPt (PSP PP (PR

I TATTAACGCACCT CACT TAT TAAAAGACACGAAAAACAAAGT TT A 350
Il eLeuThr Hi sLeuThr Tyr EndLysThr ArgLysThr LysPhed yArg

AT AT TAACGCACCT CARTTATTAAAAGACACGAAAAACAAAGT TTGGAAGARKEES

Il eLeuThr H sLeuAsnTyr EndLysThr ArgLysThr LysPhed yArg

296 345
Il eLeuThr Hi sLeuThr Tyr EndLysThr ArgLysThr LysPhed yArg

IO TATTAACGCACCT CACT TATTAAAAGACACGAAAAACAAAGT TTGGAAGARREES)
Il eLeuThr Hi sLeuThr Tyr EndLysThr ArgLysThr LysPhed yArg

AV T AT TAACGCACCT CACT TATTAAAAGACACGAAAAACAAAGT TTGGAAGAREETS

Il eLeuThr Hi sLeuThr Tyr EndLysThr ArgLysThr LysPhed yArg

IV TATTAACGCACCT CACT TATTAAAAGACACGAAAAACAAAGT TTGGAAGARKTERS)

Tyr EndAr gThr Ser Leul | eLysArgHi sd uLysd nSer Leud ud u

301 350
Il eLeuThr Hi sLeuThr Tyr EndLysThr ArgLysThr LysPhed yArg

RN TE TR GCACRCAE TAS TRAAACAIA CGAAAAIAAAGT ST COAA G
Met EndMet Hi sH sMet Tyr Ser Lysl | eArgLysl | eLysSer G yArg

301 350
Il eLeuThr H sLeuThr Tyr EndLysThr ArgLysThr LysPhed yArg

Al T AT TAACGCACCT CACT TAT TAAAAGACACGAAAAACAAAGT TTGGAAGARRE S

Il eLeuThr H sLeuThr Tyr EndLysThr ArgLysThr LysPhed yvArg

360 370 380 390 400

T (e (e e (e (PPt (PRt (PRPRPE RPN IR
KINAAAATATTATTTCCAAAGAAAATAT CAAT CTAT TAACT GAT GGTAT GCAARETHY
Lysl | eLeuPheProLysLysl | eSer| | eTyr EndLeuMet Val CysAsn

KV MAAAATATTATTTCCAAAGAAAATAT CAIITCTATTAACT GAT GGT AT GCAARE]ELS]

Lysl | eLeuPheProLysLysl | eSer PheTyr EndLeuMet Val CysAsn

CUICMAAAATAT TATTTCCAAAGAAAATAT CAAT CTATTAACT GAT GGT AT GCAAREIEE]

Lysl | eLeuPheProLysLysl | eSer| | eTyr EndLeuMet Val CysAsn

CLIVMAAAATATTATTTCCAAAGAAAATAT CAAT CTAT TAACT GATGGT AT GCAARE]ELE]

Lysl | eLeuPheProLysLysl | eSer| | eTyr EndLeuMet Val CysAsn

CCYMAAAATATTATTTCCAAAGAAAATAT CAAT CTATTAACT GAT GGT AT GCAAREIE]S

Lysl | eLeuPheProLysLysl | eSer || eTyr EndLeuMet Val CysAsn

CLIVMAAAATATTATTTCCAAAGAAAATAT CAAT CTAT TAACT GATGGT AT GCAAREIELE]

LysTyr Tyr Phed@ nArgLysTyrd nSer || eAsnEndTr pTyr Al a

CLYMAAAATATTATTTCCAAAGAAAATAT CAAT CTAT TAACT GATGGT AT GCAAREIS]Y)

Lysl | eLeuPheProLysLysl | eSer || eTyr EndLeuMet Val CysAsn

EEENACAASATIAT TTCOSASCAAMATATIAAGYTIET TAACRGASGGRAT GCAARRIHE

ArgThr Ser PhePr oAr gLysl | eLeuAsnCysEndd nThr Al aCysAsn

KIYRAAAATATTATTTCCAAAGAAAATAT CAATCTAT TAACT GATGGT AT GCAARI]Y;

Lysl | eLeuPheProLysLysl | eSer| | eTyr EndLeuMet Val CysAsn

KZAMAAAATATTATTTCCAAAGAAAATAT CAATCTAT TAACT GATGGT AT GCAARRIES
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Bl M

Ci2 M

H14 M

Hs3 M

Ji8 M

JF710614 Bov. | ND

JF778650 Hu | ND

KF058901 Bov. Braz.

KF058908 Hu Braz.

M2 M

Lysl | eLeuPheProLysLysl | eSerl | eTyr EndLeuMet Val CysAsn

410 420 430 440 450

T P (e (e (e (PP (APt (PRPIPEP (PPN PR
401 GTCGTAAATAAAACACATAAAGAAGATATTTATAGATCT TATGCAAA
LysSer Endl | eLysHi sl | eLysLysl | ePhel | eAspLeuMet G n

KIElFMCAAGI CGTAAATAAAACACATAAAGAAGATAT TTATAGAT CT TATGCAAA

LysSer Endl | eLysHi sl | eLysLysl | ePhel | eAspLeuMet G n

KI[CMCAAGT CGTAAATAAAACACATAAAGAAGATAT TTATAGAT CT TATGCAAA

LysSer Endl | eLysHi sl | eLysLysl | ePhel | eAspLeulMet G n

N[O CAAGT CGTAAATAAAACACATAAAGAAGATATTTATAGAT CTTATGCAAA

LysSer Endl | eLysHi sl | eLysLysl | ePhel | eAspLeulMet G n

KV CAAGT CGTAAATAAAACACATAAAGAAGATAT TTATAGAT CT TATGCAAA

LysSer Endl | eLysHi sl | eLysLysl | ePhel | eAspLeuMet G n

IV CAAGT CGTAAATAAAACACATAAAGAAGATAT TTATAGATCT TATGCAAA

Thr Ser Ar gLysEndAsnThr EndAr gAr gTyr LeuEndl | eLeuCysLys

NN CAAGT CGTAAATAAAACACATAAAGAAGATAT TTATAGATCT TATGCAAA

LysSer Endl | eLysHi sl | eLysLysl | ePhel | eAspLeuMet G n

VLM CAAGT CGTIEAASAAAACACAT ACAGAAGATAT T TATAGAT JRTAT GCSAA

LysSer EndThr LysHi sl | ed uLysl | ePhel | eAspHi sMet Pro

NN CAAGT CGTAAATAAAACACATAAAGAAGATAT TTATAGATCT TATGCAAA

LysSer Endl | eLysHi sl | eLysLysl | ePhel | eAspLeuMet G n

KISl CAAGT CGTAAATAAAACACATAAAGAAGATAT TTATAGATCT TATGCAAA

LysSer Endl | eLysHi sl | eLysLysl | ePhel | eAspLeuMet G n
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460 470 480
S I It (R PP IR I
Bl M YR CT TAAT TGGCAAAAT e 467
Thr EndLeuAl aLysSer
Cl2 M 449 CIEIYNICEOYYIN[eCEe]jACTCEONEMAACA 481
Thr EndLeuAl aLysSer Gl yThr G yAr gAsn

H14 M LY CT TAAT TGGCAAAA 460

Thr EndLeuAl aLys

Hs3 M ESTORCT TAAT TGGCAAAA 464

Thr EndLeuAl aLys

J18 M LY@ CT TAATTGGCAAAAT (@ 463

Thr EndLeuAl aLysSer
JF710614 Bov. IND 450 HIYNIICEOYNAT(eee TeTENENeI®: 481
LeuAsnTrpG@ nll eArg TyrCysArgThr
JF778650 Hu IND 451 FYNN[CCONVYICEEe 481
Thr EndLeuAl aLysPro d ud nd nAsn

KFO58901 Bov. Braz. 451 CRIACGEIEETRNATCAEE ONSAES ENISI®L 482

Thr EndLeuVal Asn@ n Al ad@ nLeuAsnSer
KF058908 Hu Braz. 451 CRJYNI[CEONNTCEEE TSI ECNENIG[®] 452
Thr EndLeuAl aAsnPro Val Leud nAsnSer

M2 M YA MCT TAATTGGCAAAA 463

Thr EndLeuAl aLys
Fig. 19: Multiple sequence alignment omecA gene sequences of present study with reference segues of NCBI database.
Table 24: Codon-based Test of Neutrality for multipe alignment analysis between sequences of presstudy with reference sequences of NCBI database.

M M6: Z-Test of Neutral Evolution (C:\Users\SANDEE~1\AppData\Local\Temp\PhyloAnalysis-1.meg)
File Display Caption Help

“ili"_! l(A-B)H b ?#01 [ } A R

1 2 3 4 5 6 7 8 9 10
1.B1M B 1418 0.000 0.000 0.000 1.001 0.000-11.390 0.000 0.000
2.C12M 0.159 1418 1.418 1418 1739 1.418 -11.136 1418 1.418
3. H14M 1.000 0.159 0.000 0.000 1001 0.000 -11.390 0.000 0.000
4, Hrs3 M 1.000 0.159 1.000 0.000 1.001 0.000 -11.3%0 0.000 0.000
5. J18M 1.000 0.159 1.000 1.000 1.001 0.000 -11.390 0.000 0.000
6. F710614 bovine strain fromindia  0.319 0.085 0.319 0.319 0.319 1.001 -11.336 1.001 1.001
7. JF778650 human strain fromindia  1.000 0,159 1.000 1.000 1.000 0.319 -11.3%0 0.000 0.000
8. KF058901 Bovine strain from Brazl 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -11.390 -11.390
9. KF058908 human strain frombrazl  1.000 0.159 1.000 1.000 1.000 0.319 1.000 0.000 0.000
10. ME2M 1.000 0.159 1.000 1.000 1.000 0.319 1.000 0.000 1.000

The probability of rejecting the null hypothesis of strict-neutrality (dy = dg) (below diagonal) is shown. Values of P less than 0.05 are considered
significant at the 5% level and are yellow highlighted. The test statistic (dy - dg) is shown above the diagonal. dg and dy are the numbers of synonymous
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7. Molecular typing of S. aureus with rep PCR:

The high degree of genetic relatedness betvi&eaureusstrains has been established obstacle to usintineobacteriological methods for epidemiologic
analysis. Thus repetitive sequence-based RERRCR) is found suitable and potential tool whichinpigs differentiation of isolates to species, sudus@es and strain
level. Because of the low cost of the materialsthedapidity, ease of use, and low labor inpigs;PCR may be a valuable method for bacterial stsgomg.

In the present investigation, 36 differeap patterns comprising in the range size from 300400bp with different arrangements of band sizég. (&) were
recorded among all 157 isolatesreyp-PCR (table 25) with 0.8892 discriminatory indexI(p This discriminatory index indicates the gatitferentiations ofS. aureus
isolates byrep PCR. One pattern (rep30) was most common withadffecand goat origin isolates followed by rep17#wii3 isolates which belonged to sheep, horse and
camel then rep7 with 10 isolates of human origid ather remaining rep-patterns comprising with limss seven isolates of different origins. The wina of large

numbers and separate rep-patterns from differdginoof isolates in the present study indicatedfulsess of the method in differentiatir®y aureusrom various
sources.
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Table 25: Staphylococcus aureus typing on the basis of overall distribution ofrep patterns (repetitive element sequence-based PCRnang isolates.

S. No. rep pattern I.D. rep pattern Number of S. aureus Isolate I.D.
Isolates
1. repl 500bp, 600bp 1 H1
2. rep2 300bp, 500bp, 600bp, 700bp, 1000bp, 1050bp 1 H2
3. rep3 300bp, 700bp, 1000bp, 1050bp 6 H3, H4, H15, H21, H24, Mt15
4. rep4 300bp, 500bp, 600bp,700bp 1 H5
5. reps 300bp, 600bp, 900 bp,1000bp, 1400bp 5 196 H10, H11, H28
6. rep6 300bp, 700bp, 1000bp 4 H14, Mt31, J2, B26
7. rep? 300bp, 700bp, 750bp, 1000bp, 1050bp 10 H39,H37,H39,H40,H41,H46,H48,Mt2,Mt9
8. rep8 300bp, 700bp, 800bp, 1000bp, 1050bp 2 MdL,M
9. rep9 300bp, 600bp, 700bp, 750bp, 1000bp, 1050bp 1 H45
10. rep10 300bp, 600bp, 700bp, 1000bp, 1050bp 5 , MtBO,Mt11, Mt13, Mt14
11. repll 300bp, 400bp, 600bp, 700bp, 1000bp 2 B48,
12. repl2 300bp, 400bp, 600bp, 700bp, 1050bp 3 BBS, B21
13. repl3 300bp, 500bp, 700bp, 750bp, 1000bp, §H50b 1 H12
14. repl4 600bp, 900bp, 1000bp, 1400bp 1 H8
15. repl5 400bp, 700bp, 1000bp, 1050bp 1 H31
16. replé 300bp, 600bp,700bp, 750bp 2 H30 ,H34
17. repl7 300bp, 600bp, 700bp, 1000bp 13 Mt19, Hrs3, Hrs4, Pg2, J14,J18, D10, SV2, S\8},$SN3,SN4, SN14
18. repl8 300bp, 600bp, 1000bp, 1050bp 2 Mt20, Mt24
19. repl9 300bp, 400bp, 700bp, 1000bp 2 D7, B24
20. rep20 300bp, 400bp, 700bp, 750bp, 1000bp 1 D9
21. rep21 300bp, 400bp, 600bp, 1000bp 7 B27, B28, B29, B30, B31, B34, B36,
22. rep22 300bp, 400bp, 600bp, 700bp 6 B10, B39, B42, B43, B55, B57
23. rep23 300bp, 350bp, 600bp, 700bp 6 AG8, G29, C3R, C8, C17, C22
24. rep24 300bp, 350bp, 600bp, 1000bp 2 G46, C15
25. rep25 300bp, 700bp, 1400bp 1 H27
26. rep26 300bp, 600bp, 700bp 3 H44, Mt27, B23
27. rep27 300bp, 800bp, 1000bp 1 Hrsl
28. rep28 600bp, 700bp, 1000bp 1 J4
29. rep29 300bp, 400bp, 700bp 1 J15
30. rep30 300bp, 350bp, 600bp 47 AG5, AG6, AG10, AG13, AG15, AG17, G1,G2,G7,G9,05G11, G16, G21, G24, G35, G37,G39,
G40, G41, G43, G45, G47, G49, G55, C2, C5R, C7@14, C12, C13, C20, C23, C26, C29, C34,
C36, C37, C39, C40, C41, C43, C46, C47, C50, C52
31. rep31 300bp, 700bp 5 H7, H16, H22, H25, J10
32. rep32 400bp, 1000bp 1 H13
33. rep33 300bp, 600bp 7 Mt22, Mt25, Mt28, J3, D4, D6, C2R
34. rep34 300bp, 1000bp 1 Mt26
35. rep35 600bp 2 Mt12, Pg4
36. rep36 300 bp 1 Bl
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In the source-wise analysis of rep- patterns it feamd that human isolates were differentiated im@ximum rep-profiles (16 rep-profiles) indicatingpre
variations while sheep isolates were grouped anily one rep-pattern (repl7) indicating no variaid@ther sources including variable number of nepilps i.e. meat
piece (11 rep-patterns), buffalo (8 rep-patteresinel (6 rep-patterns) dog (5 rep- patterns) amehi@ng sources having less than four rep-pattevitis less
variabilities as described in table 26. Exceptitynahe isolate (J9) from camel was non-typeabldwép PCR. During phylogenetic cluster analysi§ ofureugep-
patterns in the present study, all 36 rep-patterere divided into five clusters on the basis of 8§8aetic similarity. First cluster was made up véélven isolates (most
of buffalo and dog) and five rep-patterns (repEh1b5, repl9, rep20 and rep32), second cluster ¢aimprsix human isolates and two rep patterns (i&@pb repl4),
third cluster including 29 isolates (most of humameat piece and one of horse, pig and camel eachiea rep- patterns (rep2, rep3, rep6, rep?, mep®, repl3, repls,
rep27 and rep34), fourth cluster comprising 4lates (human, meat piece and few of sheep and buHiad 11 rep-patterns (rep4, repl0, repl2, re@ld,7, rep22,
rep25, rep26, rep29, rep31 and rep36) and fiftkteluincluding 73 isolates (most of cattle, goaifffddlo and few of dog, camel and meat piece) agttaiep-patterns
(repl, rep2l, rep23, rep24, rep28, rep30, rep33repdb) as depicting in figure 21. The cluster gsialindicated that most of animal origin isolatesre separately
clustered ( and V" cluster) in comparison to human origin isolates arat piece origin isolates which fell into botintan and animal clusters with indication of cross
contamination from humans and animal environmdhtsay also be concluded that human isolates cbeldeparately differentiated from animal originases even
up to 80% similarity level.

Similar results were reported by Rein@tal. (2008) who analyzed 45. aureusstrains byrep-PCR obtained from humans, bovine subclinical mastitd food
samples. The subsequent cluster analysis suggbstedistence of 35 rep profiles which could bed#idi by dendrogram analyses into seven differentpgat 60% of
relative genetic similarity designated I-VII. Theogps generally matched with the origin of theases. Group Il consists of 13 (87%) human infecttains, groups
Il and IV of 14 (93%) bovine mastitis strains agibups V and VIl of five (71%) strains isolated framterior nares of healthy people. Six (75%) foachgle strains
were grouped together with the human strains ingito

Reinosocet al. (2007) assessed genetic relationship o65aureusstrains isolated from mammary gland infectiondembéd in four herds located in the central
dairy region of Argentina. A total of 31 rep-prefdl in the range size from 300 to 6000 bp were ifieshtafter rep-PCR analysis. At a first level ahdarity (50%), it
could be defined 5 clusters namely | to V. Mostha strains (75%) were grouped in cluster | andysstgd that rep-PCR typing successfully differéeti&. aureus
strains of bovine origin.

Many researchers like del Vecclabal.(1995), van der Zeet al. (1999), Gardellt al. (2005) and Nordiret al. (2010) etc. analyzed MRSA and MSSA strains
from various clinical infections to differentiatbem from each other and to investigate whetheaiterep-PCR fingerprints would have prognostic vdareroutine
clinical and epidemiological surveillance 8f aureusstrains. Similar to the present study, they ataanél that rep-PCR was potential tool to determiaromic
differences amon§. aureusstrains from different sources.

Table 26: GroupWise distribution of rep patterns (repetitive element sequence-based PCR)hang isolates.

Number of Total No. of
S. No. Source of Isolate S. No.| rep pattern I.D. rep pattern Isolates Isolate I.D. Isolate
1. repl 500bp, 600bp 1 H1
1 Human 2. rep2 300bp, 500bp, 600bp, 700bp, 1000bp, 1050bp 1 H2 35
: 3. rep3 300bp, 700bp, 1000bp, 1050bp 5 H3, H4, H15, H21 and H24
4. rep4 300bp, 500bp, 600bp, 700bp 1 H5
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5. rep5 300bp, 600bp, 900bp, 1000bp, 1400bp 5 96 H10, H11 and H28
6. rep6 300bp, 700bp, 1000bp 1 H14
7. rep7 300bp, 700bp, 750bp, 1000bp, 1050bp 8 Had, 1133, 137, H39, 140, Hat, Rab
8. rep9 300bp, 600bp, 700bp,750bp, 1000bp, 1050bp 1 H45
9. repl3 300bp, 500bp, 700bp, 750bp, 1000bp, 1050bp 1 H12
10. repl4 600bp, 900bp, 1000bp, 1400bp 1 H8
11. repls 400bp, 700bp, 1000bp, 1050bp 1 H31
12. replé 300bp, 600bp, 700bp, 750bp 2 H30 ,H34
13. rep25 300bp, 700bp, 1400bp 1 H27
14. rep26 300bp, 600bp, 700bp 1 H44
15. rep31 300bp, 700bp 4 H7, H16, H22 and H25
16. rep32 400bp, 1000bp 1 H13
1. rep3 300bp, 700bp, 1000bp, 1050bp 1 Mt15
2. rep6 300bp, 700bp, 1000bp 1 Mt31
3. rep7 300bp, 700bp, 750bp, 1000bp, 1050bp 2 WdNAED
4. rep8 300bp, 700bp, 800bp, 1000bp, 1050bp 2 N4
5. rep10 300bp, 600bp, 700bp, 1000bp, 1050bp 5 MtB), Mt11, Mt13 and Mt14
Meat Piece 6. repl7 300bp, 600bp, 700bp, 1000bp 1 Mt19 20
7. repl8 300bp, 600bp, 1000bp, 1050bp 2 Mt20 and Mt24
8. rep26 300bp, 600bp,700bp 1 Mt27
9. rep33 300bp, 600bp 3 Mt22, Mt25 and Mt28
10. rep34 300bp, 1000bp 1 Mt26
11. rep35 600bp 1 Mt12
Horse 1. repl?7 300bp, 600bp, 700bp, 1000bp 2 Hrs3 and Hrs4 3
2. rep27 300bp, 800bp, 1000bp 1 Hrsl
Pig 1. repl?7 300bp, 600bp, 700bp, 1000bp 1 Pg2 2
2. rep35 600bp 1 Pg4
1. rep6 300bp, 700bp, 1000bp 1 J2
2. repl7 300bp, 600bp, 700bp, 1000bp 2 J14 and J18
3. rep28 600bp, 700bp, 1000bp 1 J4
Camel 4. rep29 300bp, 400bp, 700bp 1 J15 8
5. rep31 300bp, 700bp 1 J10
6. rep33 300bp, 600bp 1 J3
7. - - 1 J9
Dog 1. repll 300bp, 400bp, 600bp, 700bp, 1000bp 1 D13
2. repl7 300bp, 600bp, 700bp, 1000bp 1 D10
3. repl9 300bp, 400bp, 700bp, 1000bp 1 D7 6
4. rep20 300bp, 400bp, 700bp, 750bp, 1000bp 1 D9
5. rep33 300bp, 600bp 2 D4 and D6
Sheep 1. repl?7 300bp, 600bp, 700bp, 1000bp 6 SV2, SV3, SV4, SN3, SN4 and SN14
1. rep6 300bp, 700bp, 1000bp 1 B26
Buftalo 2. repll 300bp, 400bp, 600bp, 700bp, 1000bp 1 B46 21
3. repl2 300bp, 400bp, 600bp, 700bp, 1050bp 3 B5, B19 and B21
4. repl9 300bp, 400bp, 700bp, 1000bp 1 B24
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5. rep21 300bp, 400bp, 600bp, 1000bp 7 Sgg' B28, B29, B30, B31, B34 and
6. rep22 300bp, 400bp, 600bp, 700bp 6 B10, B39, B42, B43, B55 and B57
7. rep26 300bp, 600bp,700bp 1 B23
8. rep36 300bp 1 Bl
1. rep23 300bp, 350bp, 600bp,700bp 2 AG8 and G29
2. rep24 300bp,350bp,600bp, 1000bp 1 G46
o | oou A AS IO ASIS SIS, | 2
3. rep30 300bp, 350bp, 600bp 25 G16, G21, G24, G35, G37, G39, G40|
G41, G43, G45, G47, G49 and G55
1. rep23 300bp, 350bp, 600bp, 700bp 4 C3R, C8, C17 and C22
2. rep24 300bp,350bp,600bp, 1000bp 1 C15
C2, C5R, C7, C9, C11, C12, C13, C2,
10. Cattle C23, C26, C29, C34, C36, C37, C39,| 28
3. rep30 300bp, 350bp, 600bp 22 C40, C41, C43, C46, C47, C50 and
C52
4. rep33 300bp, 600bp 1 C2R
8. Genotypic characterization ofS. aureus in relation to following virulence factors and ther associated genes:

A. Adherence Factor €IfA, clfB, icaA, icaD, agr(agrl, agrll, agrlll and agrlV) and trap gene):

Since, Staphylococcus aureis a well-established important pathogen of hurmad animals because of its ability to adhere toide wange of host tissues
including host extracellular matrix proteins sushfiirinogen, fibronectin and collagen. Adhesiorhtist proteins is mediated by bacterial cell-waleaciated proteins
and expression of these binding proteins governedabious molecules and their associated gemeslumping factors A and B{fA and clfB gene) intercellular
adhesion molecul&@A andicaD gene) accessory gene regulator moledgieup ofagr geney and target of RNA lll-activating molecutedp gene).

Of the total 157 isolates|fA andclfB genes were detected in 148 (94.3%) different isslavith single amplicon of 1000bp (Fig. 23) andla® (Fig. 24),
respectively. BotltlfA andclfB genes were absent in nine (5.7%) isolates nam&EMIt22, J9, B30, G16, C2, C7, C12 and C15 and,H4, G29, G43, C11, C12,
C13, C15 and C20, respectively. TicaA gene was detected in 150 (95.5%) isolates wittbBXFig. 25) of single amplicon while absent ivese (4.5%) isolates
namely Hrs3, D13, B26, G16, G29, C15 and C50.itab gene was present in 144 (91.7%) isolates with B&%lsingle amplicon (Fig. 16) in duplex PCR wiitlaZ
gene while absent in 13 (8.3%) isolates such as H30, H46, Mt4, J2, J4, J10, D7, B43, G11, G169 @ad C15. Thérap gene was detected in 154 (98.0%) isolates
with 504bp of single amplicon (Fig. 26) while absiEnthree (2.0%) isolates i.e. H16, J4 and B2faastioned in table 27.

Of the total 157 isolates, except one isolate (H4isolates were successfully typed wéityr genes typing system. Tlagrl was detected in 63 (40.1%&)grll

in 42 (26.8%)agrlll in 27 (17.2%) andgrlV was detected in 24 (15.3%) isolates with 441bpbp7323bp and 659bp of single amplicon in mulkFRER (Fig. 27). In
agr typing, maximum prevalence was recordeddgn and allagr types were only present in human, camel, bufigdat and cattle while other sources deficient vetre
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least for oneagr type as mentioned in table 27. For six adhereroeg only three isolates were found to be defidmnat least three genes namelfB, icaD andtrap
were absent in J4 (camet)fA, clfB, icaAandicaD in C15 (cattle) andlfA, icaA andicaD was absent in G16 (goat). Among all studied adieer@enesgr was most
prevalent (99.4%) followed biyap, icaA, clfA, clfB andicaD in decreasing order. Polymorphism was not deteicieshy of the studied adherence genes in the prese
investigation.

Our results are in agreement to reports of Trigtaal. (2003) who found high prevalence dfA (99%) andclfB (100%) genes among 157 human clinical
samples. Close to our results, Gattal. (2002) reported 100% isolates were positiveifap gene and similar to this studygrl (69.0%) was found to be most prevalent
followed byagrll in 23.9%.agrlll in 2.8% andagrlV was found in 1.4% isolates of cow mastitis samples

Booth et al. (2001) also reported 96.2% (51/53) prevalenceli@f gene in isolates from human clinical samples &tephanet al (2001) reported 100%
prevalence o€IfA gene in isolates from cow mastitis samples.

Our results are in agreement to finding of Peeragtell. (2009) who also reported that majority of (55.1%g)lates belonged tagr-1, followed by agr-II
(16.9%),agr-11l (16.5%) andagr-IV (9.4%) group while 1.8% isolates were not tylpleawith agr groups among 213. aureusstrains isolated from human clinical
infections. Similarly, Jarraudt al. (2002) also investigated relationship betwagngroups and huma8. aureussolateswith prevalence of 30.889rl, 24.7%agrll,
21.7%agrlll and 22.7%agrlV among 198S. aureustrains isolated from human with various clinicahgples.

Almost similar observations were made by Khorangtial. (2015) who reported 88.4%aD and 87.9%caA gene prevalence among 215 isolates from human
and dairy cow's infections and Castelanal. (2015) found 98% and 100#¢aA and caD genes respectively among 110 isolates from hegfiedscows with mastitis.

Yazdaniet al. (2006) and Vasudevast al. (2003) found 100% isolates were positive ift@A andicaD genes from human clinical and bovine mastitis damp
respectively and close to our results Ardal. (2004) also reported 99.1% isolates positiveédab and slightly lower prevalence folfA (77.1%) gene among human
samples. While Andet al. (2004) also found presence among one (0.9%), 08B%8), two (1.8%) and zero (0%) strains &grl, agrll, agrlll and agrlV gene
respectively same human samples. El-Sasteal. (2006) reported polymorphism aifA gene with two different sized amplicon one is 1Q®8bmilar to present study
and other is 900bp in the samples of clinical amuotcBnical mastitic milk of cow with variable preemce. They also conductagr typing and reported thaigrl was
present in six (25%) and 12 (75%) straawgsll in 16 (66.6%) and four (25%) strains of the @al and subclinical mastitic samples, respectivélyo (8.3%)S. aureus
strains could not be characterized by the useeobligonucleotide primers specific fagrl and I.

Reports of Xuet al. (2015) were also similar to our findings. TheyospdclfA, clfB, icaD, agr-landagr-2 genes with 89.3%, 85.7%, 71.4, 64.3% and 17.9%
prevalence, respectively among 28aureussolates from mastitis milk samples of cow buttcary to our results they were not detedtdd,agr-3, agr-4genes inany
of the studied isolates.

Similar to our results high prevalence percentags reported by many researchieesAtshanet al. (2012) reported 100% presencectif, clfB icaAandicaD
genes among 60 human isolates, Bnyan (2013) repd@@% presence affA,icaAandicaD among six isolates of human, Taetgal. (2013) reported 100% presence of
clfB gene, 87.50% ataA andicaD and 25% presence offA gene among nosocomial infection and cross-contaromaf foods samples and Barbieti al. (2015)
also reported that 100 % isolates carieah, icaD andclfA gene among thirtee®. aureugsolates from breast peri-implant infections butliLet al. (2012) reported
slight lower prevalence in compare to present stadgh as 55.5% presencectiA gene 36.4%ofclfB and 31.3% presence isbAD gene among 137 isolates of bovine
mastitis.
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Table 27: Detection of Adherence factor associategenes inS. aureusisolates from various sources.

Adherence factor associated genes (%)

S. Source of Total
No. Isolate ggia?tfe clfA (1000bp) clfB (205bp) icaA (1315bp) icaD (381bp) trap (504bp) agr
agrl agrll agrill agriv
P N P N P N P N P N (441bp) (575bp) (323bp) (659bp)
1. | Human 35 35 (100.0) 0(0.0) 34 (97.1) 129 (@®.0)| 000.0) | 32(91.4)| 3(86)| 34(97.1) 1)2.9| 10 (28.6) 5 (14.3) 14 (40.0) 5 (14.3)
2. | Meatpiece | 20 19 (90.0) 2 (10.0) 20(100.0) .0)0 | 20(100.0)| 0(0.0) | 19(95.0)| 1(5.0)| 20(100.0) 0(0.0) | 15(75.0) 3(15.0) 2 (10.0) 0(0.0)
Horse 3 3 (100.0) 0(0.0) 3 (100.0) 00.0)| @B | 1(333) | 3(100.0)| 0(0.0) | 3(100.0) 0(0.0) ?0_0) 2 (66.7) 1(33.3) 0(0.0)
4. | Pig 2 2 (100.0) 0(0.0) 2 (100.0) 0(0.0)] 20 | 0(0.0) | 2(100.0) | 0(0.0) | 2 (100.0) 0(0.0)] 50.0) 1(50.0) 0(0.0) 0(0.0)
Camel 8 (787.5) 1(12.5) 7 (87.5) 1(125)| 8(1000) 00| 5%2 |3@75 | 7875 1(125)| 3(37.5) 2 (25.0) 25.0) 1(12.5)
6. | Dog 6 6 (100.0) 0(0.0) 6 (100.0) 0(0.0)| 583 | 1(16.7) | 5(83.3) 1(167)| 6(100.0) 0(0.0) ?0.0) 3(50.0) 0(0.0) 3 (50.0)
7. | sheep 6 6 (100.0) 0(0.0) 6 (100.0) 000 ®@ | 000) | 6(1000)| 0(.0)| 6(100.0) 0(0.0) ?0.0) 2 (33.3) 1(16.7) 3 (50.0)
8. | Buffalo 21 20 (95.2) 1(4.8) 21 (100.0) 0(00)| 2095.2) | 148 | 20(95.2)| 148 | 20(95.2) B4, | 11 (52.4) 3(14.3) 2(9.2) 5 (23.8)
9. | Goat 28 27 (96.4) 1(3.6) 26 (92.9) 2.0 @89 | 2(7.1) | 25(89.3) | 3(10.7)| 28(100.0) 0(0.0) 12 (42.8) 10 (35.7) 4(14.3) 2(7.1)
10. | Cattle 28 24 (85.7) 4(14.3) 23 (82.1) 5(17.9)26 (92.9) | 2(7.1) | 27(96.4)| 1(3.6) 28 (100.0f O0®( | 11(39.3) 11 (39.3) 1(3.6) 5 (17.9)
Total 157 148 (94.3) 9.y | 148 (94.3) 96.F | 150955 | 745 | 144(917)| 13(8.9) | 154(98.0) | 3(2.6) | 63(40.1) 42 (26.8) 27 (17.2) 24 (15.3)

Abbreviations:- P- Positive, N- Negative
Superscript:- a- Isolates negative 6tfA gene (Mt20, Mt22, J9, B30, G16, C2, C7, C12 anB)(Xi- Isolates negative falfB gene (H44, J4, G29, G43, C11, C12,
C13, C15 and C20), c- Isdlategative foicaA gene (Hrs3, D13, B26, G16, G29, C15 and C50)alates negative facaD gene (H30, H34, H46,

Mt4, J2, J4, J10, D7, B431GG16, G29 and C15), e- Isolates negativereg gene (H16, J4 and B26), f- Isolate negative fbtyake agr gene (H24)
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Mohsenzadelet al. (2015) reportecgr typing for 31 isolates 0B. aureusobtained from mastitis in dairy cattle. They atsported that most of the isolates
belonged tagr group | (54.8%), followed bwgrlll (25.8%) andagrll (19.4%). But contrary to our study there wasismlates belonging tagr group IV. Havaeet al.
(2014) reportecgr typing of 50 isolates from human clinical specism@mdagr typing results revealed that 45 (90%) isolatesavagr type |, two (4%) wereagr type
lll, and 3 (6%) were nontypeable. Fabres-Kleiral. (2015) also reportedgr typing of 54S. aureussolates from cows with subclinical mastitis. Thecteria belonged
toagr groups | (22.2%), 1l (62.9%), 11l (11.1%) and 18.7%) while none of the isolate was nontypeable.

Our results are in complete agreement to thosei@eXal. (2011) who reportedgr typing of 108 isolates from human clinical infects. The results showed
thatagr group | was the most predominant, detected in%(Q@&5/108) of the strains. The groupsagf IlI, I, and IV were less common and found in 1%%.416.7%,
and 2.8% of the isolates, respectively. One isalepeatedly yielded negative result for any ofabetypes tested.

B. Antiphagocytosis (Capsule) factor ¢ap5K and cap8K gene)

Capsule production is an another important virutefactor which does not cause direct damage thabebut it helps in survival of the organism ie thost by
evading the host-immune system especially phageisytdmong 11 capsular serotypes, capsular typed58ahave been found to be most common. Howevereth
seems to be great variation in capsular types di@pgron source of isolation (i.e. human, animaldfi@md cross contaminating environment sources)gaondraphical
distribution of organism. Thus this study has destto find variability amon§. aureussolates regarding capsular genes espeaalpKandcap8K.

In the present study duplex PCR was developed tiectdboth capsular gene in a single reaction. ysgl® associated genesp5K gene was found in 73
(46.5%) isolates with single amplicon of 361llgap8Kin 59 (37.6%) isolates with 173bp amplicon, botmage were found in 22 (14.0%) isolates (Fig. 28)e€h
isolates (D9, B55 and C34) were nontypeable indapsyping. Thecap5Kgene was more prevalent among all studied soapcsept meat piece, in whidap8Kgene
was more prevalent. None of the dog isolate canaaBKgene. Both capsular type genes were detectea ({18i1%) human isolates, in five (17.9%) goatases, in
four (20%) meat piece isolates and other sources wesitive with less than two isolates while narfighe pig, dog and sheep isolates carried botlegém single
isolate (table 28).

Similar to present study Salagtal. (2011) reported that most of the isolates fromit@wrigin harboredap5 (74%), while most of the isolates from humans
harboredcap8(91%) and isolates from food sources were posfiveap5(100%) anccap8(64%). In complete agreement to present study, ateo found that both
cap5andcap8genes were present in seven of the 19 bovinetésdi&o of the 11 human isolate and seven of théoad origin isolates with overall 39% prevalence
among 21 isolates.

Similar to present study, Reinosbal. (2008) also reported 21 (47%) isolates were p@sitir cap5(11 human, nine bovine and one food sample sira@ven
(15%) isolates were farap8gene (four human and three food sample straindevif7i (38%) isolates were naap5 or cap8among 45 isolates from humans, bovine
subclinical mastitis and food samples. Our resuise similar to those of Khichar and Kataria (204hp reported thatap5kgene was more prevalent in the isolates of
bovine mastitic samples. They found 26 isolates3@®%) withcap5kgene and two isolates (7.14%) witp8kgene.

Similar to results in the present study, Bual. (2015) reported thatap5 and cap8 genes were found in 46.4% and 39.3% isolates, césply among 28
isolates from mastitic milk samples of cow and Yadaal. (2015a) found 68.75% isolates were carap5Kgene and 21.87% isolates were caap8Kgene whereas
three isolates (9.37%) were found nontypeable and@ngolates from milk of cattle and buffalo witlhnecal mastitis. Similarly, Nathawadt al. (2015) reported 68.38%
presence ofap5Kgene and 34.61% presencecap8Kwhile one isolate was nontypeable among 27 isofabes milk samples of goat mastitis.
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Table 28: Detection of Antiphagocytosis (Capsulepttor associated genes amorf§) aureusisolates.

S. No. Source of Isolate Total No. of isolate Cpabk(361bp) Capgk(173bp)capSU|e assocwétg:jhgenes (%) NT

1. Human 35 15 (42.9) 14 (40.0) 6 (17.1) 0 (0.0
2. Meat piece 20 4 (20.0) 12 (60.0) 4 (20.0) 0)(0.0
3. Horse 3 0 (0.0) 2 (66.7) 1 (33.3) 0 (0.0)
4. Pig 2 1 (50.0) 1 (50.0) 0 (0.0) 0(0.0)
5. Camel 8 5 (62.5) 2 (25.0) 1(12.5) 0 (0.0)
6. Dog 6 5(83.3) 0(0.0) 0 (0.0) 1(16.7)
7. Sheep 6 5 (83.3) 1(16.7) 0 (0.0) 0 (0.0)
8. Buffalo 21 8 (38.0) 9 (42.9) 3(14.9) 1(4.2)
9. Goat 28 18 (64.2) 5(17.9) 5(17.9) 0 (0.0
10. Cattle 28 12 (42.9) 13 (46.4) 2(7.1) 1 (3.5)
Total 157 73 (46.5) 59 (37.6) 22 (14.0) 3(1.9)
NT- Non type able (Negative for botlapSkandcap8kgene- D9, B55 and C34)

C. Exoenzymes ¢oa and aur gene)

Staphylococcus aureusecrete various exoenzyems, of which enzymes dtagagulase and aureolysin are important virulexdaeazyme to trigger
staphylococcal infections. Coagulase is a colldgeding enzyme encoded lbpagene and aureolysin is a zinc dependent metalie@se enzyme govern ayr gene.
Both enzymes facilitate the spread of infectioriha host system and destroys host defense mole@&ilee, both enzymes have significant role inlgimae and are
encoded by polymorphic genes thus it is very ingurto study distinct molecular polymorphism patteup to sequence level to established epidemiudbtpol for
investigation ofS. aureugrom various infection sources and geographicabreg

coa gene typing

In present investigation, all tf& aureussolates were found to be positive tmagene with nine amplicon sizes varying from 5004g80~hich including four
isolates of 500bp, seven of 550bp, 18 of 600bmfAB50bp, 74 of 700bp (Mmaximum), eight of 750bp o1 300bp, two of 850bp (Minimum) and 11 isolate8@dbp as
mentioned in table 29 (Fig. 29) with 0.7353 disénatory index. Theoagene amplification was found to be suitable fotate differentiation with good discriminatory
index value (D.l.= 0.7353). Maximum variations @gards to amplicon sizes were recorded in goates®with six different amplicon sizes (from 55®Bp) followed
by cattle with five different amplicon sizes (frds0-900bp), human with four different amplicon sif&om 500-850bp) and other sources showed viitjawith four
or less than four different amplicon sizes. Butseoand pig isolates showed single amplicon of 6%01to0b600bp respectively as described in table 29.
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To find the nucleotide polymorphism in tisea gene RFLP otoa gene was carried out (Fig. 30) with nucleotide specific restriction endonucleastul
(5"...AGCT...3 and 3'...TCGA...5’), which revealed the 3;13ffere—n|t_coa-RFLP patter—n|§ among all isolates Wi®B01 discriminatory index. The D.l. value cifa
PCR amplification was 0.7353 and thAkil digestion of the PCR products increased thisevaduD.l.- 0.9301. This increased discriminatorgenr indicating that RFLP
is a more precise differentiating technique instefadnly PCR amplification. The discriminatory indef coa RFLP typing revelled that it may considered ay\good
tool to differentiate variou$. aureusisolates. On the basis of observed discriminaindgx coaRFLP method (D.l.-0.9301) is very good method tifecentiate
different strains ofS. aureusn comparison ofep-PCR method (D.1.-0.8892). Out of the total 33 €4a-P types, coa30 and coal5 types are most comypas t
including 25 (dog, sheep, buffalo goat and catile) 20 (buffalo, goat and cattle except four huisatates) isolates with most of animal origin isetarespectively
followed by coa5 including 19 isolates and mostsolates were meat piece origin, coal9 type inalgdi2 isolates and all from human origin (excepd tattle
isolates) other remainingpatypes includes less than nine isolates as memtioneble 30.
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Table 29: GroupWise distribution of coa gene amongS. aureus isolates in the present study including its RFLP atterns with Alul enzyme.

Isolate I.D.
S. No. S_ource of S. No. coa amplicon Size coa gene RFLP Pattern solate No. of Subtotal of Total No. of
isolate Isolates Isolates Isolates
300bp, 350bp H13 1
850bp 2
150bp, 200bp H31 1
200bp, 250bp H1, H4, H15, H21, H24 and H29 6
180bp, 220bp, 300bp H2, H3, H5 and H7 4
220bp, 480bp H6, H8, H9, H10 and H11 5
700bp 60bp, 250bp, 350bp H12 and H28 2 24
1. Human 150bp, 200bp, 300bp H14, H16, H22, H25 and H27 5 35
60bp, 200bp, 380bp H30 1
700bp H41 1
200bp, 250bp H33, H37, H39 and H40 4
650bp 60bp, 200bp, 380bp H34, H44 and H45 3 8
80bp, 250bp, 300bp H48 1
500bp 220bp, 250bp H46 1
80bp, 110bp, 120bp, 220bp Mt11, Mt12, Mt13 and Mt27 4
100bp, 300bp Mt15, Mt26 and Mt28 3
700bp 11
) 80bp, 250bp, 350bp Mt4, Mt19 2
2. Meat piece 20
220bp, 250bp Mt2 and Mt9 2
650bp 80bp, 110bp, 120bp, 220bp Mt1l, Mt3, M4, Mt20, Mt22 and Mt31 7
600bp 110bp, 300bp, 350bp Mt24 and Mt25 2 2
80bp, 250bp, 300bp Hrsl 1
3. Horse 650bp 3 3
80bp, 110bp, 120bp, 220bp Hrs2 and Hrs3 2
4, Pig 600bp 80bp, 110bp, 120bp, 220bp Pg2 gad P 2 2 2
80bp, 110bp, 120bp, 220b J4 1
700bp P P P P 4
180bp, 200bp, 300bp J9, J10 and J15 3
5. Camel 100bp, 180bp, 300bp J3 1 8
600bp 3
80bp, 110bp, 120bp, 220bp J14 and J18 2
500bp 220bp, 250bp J2 1 1
6. Dog 750bp 80bp, 110bp, 120bp, 220bp D4 1 3 6
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180bp, 200bp, 300bp D6 and D7 2
2. 700bp 180bp, 200bp, 300bp D9 1 1
3. 600bp 300bp D10 and D13 2 2
1. 700bp 100bp, 300bp SN3 and SN4 2
Sheep 6
3. 600bp 300bp SV2, SV3, SV4 and SN14 4
1. 800bp B27, B43 and B46
800bp 6
100bp, 220bp, 480bp B1, B10 and B23
2. 750bp B34 1
750bp 3
220bp, 480bp B31 and B36 2
Buffalo 3. 180bp, 220bp, 300bp B24 B19, B39, B42 and B57 21
700bp 220bp, 250bp B26, B28, B29 and B30 10
700bp B21 1
4. 2
600bp 300bp B5 and B55 2
1. 800bp 180bp, 200bp, 380bp G21 and G16 2 2
750bp 260bp, 300bp G9 1 1
3. 150bp, 180bp, 240bp G1 1
180bp, 220bp, 300bp G47 and G49 2
150bp, 250bp, 300bp G24, G37 and G39
80bp, 250bp, 300bp G55 1
700bp 150bp, 300bp AG17 1 12
300bp, 400bp G11 1
Goat 220bp, 400bp G10 1 28
260bp, 300bp G7 1
700bp G46 1
4, 300bp, 350bp AG13 and AG15
650bp 3
300bp G45 1
5. 600bp 300bp AG5, AG6 and AG8 3
6. 220bp, 300bp G43 1
550bp 200bp, 300bp G2 1 7

300bp

AG10, G29, G35, G40 and G41
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180bp, 220bp, 300bp C8, C9, C11, C12 and C22
200bp, 300bp, 380bp C36 1
900bp 11
250bp, 380bp C40 1
300bp C23,C26,C34 and C41 4
180bp, 220bp, 300bp C17 1
800bp 200bp, 250bp C39 1 4
800bp C2R and C5R 2
10. Cattle 28
750bp 250bp C43 1 1
180bp, 220bp, 300bp C13, C46 and C47
80bp, 250bp, 300bp C7 and C50 2
700bp 10
200bp, 250bp C52 1
300bp C2, C15, C20 and C29 4
300bp, 200bp C3R 1
500bp 2
250bp C37 1
Total No. of isolates 157 157 157

Table 30: Staphylococcus aureus typing on the basis of overall distribution ofcoa gene RFLP patterns among isolates in the presertusly.

S. No. coa pattern I.D. coa-RFLP pattern Number of Isolates Isolate I.D.
1. coal 60bp, 250bp, 350bp 2 H12 and H28
2. coa2 60bp, 200bp, 380bp 4 H30, H34, H44 and H45
3. coa3 80bp, 250bp, 300bp 5 H48, Hrs1, G55, C7CHtl
4. coad 80bp, 250bp, 350bp 2 Mt4, Mt19
5. coa5 80bp, 110bp, 120bp, 220bp 19 Mtl, Mt3, MMfL1, Mt12, Mt13, Mt14, Mt20, Mt22, Mt27, Mt31,1s2, Hrs3, Pg2, Pg4, J4, J14, J18 and D4
6. coab 100bp, 300bp 5 Mt15, Mt26, Mt28, SN3 and SN
7. coa’? 100bp, 180bp, 300bp 1
8. coa8 100bp, 220bp, 480bp 3 B1, B10 and B23
9. coa9 110bp, 300bp, 350bp 2 Mt24 and Mt25
10. coalO 150bp, 200bp, 300bp 5 H14, H16, H22, &R’bH27
11. coall 150bp, 250bp, 300bp 3 G24, G37 and G39
12. coal2 150bp, 180bp, 240bp 1
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13. coal3 150bp, 200bp 1 H31

14. coald 150bp, 300bp 1 AG17

15. coal5 180bp, 220bp, 300bp 20 H2, H3, H5, HA,B49, B39, B42, B57, G47, G49, C8, C9, C11, @13, C17, C22, C46 and C47
16. coal6 180bp, 200bp, 300bp 6 J9, J10, J15, Dénd D9

17. coal? 180bp, 200bp, 380bp 2 G21 and G16

18. coal8 200bp, 300bp, 380bp 1 C36

19. coal9 200bp, 250bp 12 H1, H4, H15, H21, H24 H33, H37, H39, H40, C39 and C52
20. coa20 200bp, 300bp 2 G2, C3R

21. coa2l 220bp, 300bp 1 G43

22. coa22 220bp, 250bp 8 H46, Mt2, Mt9, J2, B263,B8229 and B30

23. coa23 220bp, 400bp 1 G10

24. coa24 220bp, 480bp 7 H6, H8, H9, H10, H11, &34 B36

25. coa25 250bp, 380bp 1 C40

26. coa26 260bp, 300bp 2 G9 and G7

27. coa27 300bp, 350bp 3 H13, AG13 and AG15

28. coa28 300bp, 400bp 1 Gl1

29. coa29 250bp 2 C37 and C43

30. c0a30 300bp 25 82252163(382\/9253}2361”53/@4?N14 B5, B55, AG5, AG6 R@AG10, G29, G35, G40, G41, G45, C2, C15, C20
31. coa3l 700bp 3 H41, B21 and G46

32. coa32 750bp 1 B34

33. coa33 800bp 5 B27, B43, B46, C2R and C5R

Similar tocoasize amplicon variations it was also observedrdudoa- RFLP analysis that maximum RFLP types wetected among goat isolates (13 RFLP
types) followed by human (11 types), cattle (ny@e), buffalo (seven types) and remaining sourca®wlifferentiated by less than four coa-RFLP tyfeisle 29).

During phylogenetic cluster analysis $f aureusoa-RFLP types in the present study, all 33 coafRBlpes were divided into three clusters on théshafs
80% genetic similarity (Fig. 31) by Dice and UPGM#ethod. First cluster was made of 65 isolates (mmbahimal origin except few of human and meat isolates)
and 12 coa- RFLP types (coa6, coa7, coa9, coahdl2ccoald, coals, coa2l, coa26, coa27, coa28oai@d); second cluster comprised of 82 isolatest(ofdsuman
and meat piece origin except few of animal origiolates) and 17 coa-RFLP types (coa2, coa5, coal0¢ coal3, coal6, coal7, coal8, coal9, coa2P? coaa23,
coaz4, coa29, coa3l, coa32 and coa33), third clustiided 10 isolates (five from human and meatgiand five of animal origin) and four coa-RFLPey (coal,
coa3, coa4 and coa25) as described in table 31.

Table 31 Cluster analysis of. aureuson the basis oftoa RFLP patterns by Dice and UPGMA method.
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Clusters at 80% similarity level (%)

S. No. Source of Isolate Total No. of isolate Cluster-I Cluster-Ii Cluster-1ll
1. Human 35 5(14.3) 27 (77.1) 3(8.6)
2. Meat piece 20 5 (25.0) 13 (65.0) 2 (10.0)
3. Horse 3 0(0.0) 2 (66.7) 1(33.3)
4. Pig 2 0 (0.0) 2 (100.0) 0 (0.0)
5. Camel 8 1(12.5) 7(87.5) 0(0.0)
6. Dog 6 2(33.3) 4 (66.7) 0(0.0)
7. Sheep 6 6 (100.0) 0 (0.0) 0 (0.0)
8. Buffalo 21 7(33.3) 14 (66.7) 0(0.0)
9. Goat 28 22 (78.6) 5(17.9) 1(4.5)
10. Cattle 28 17 (60.7) 8 (28.6) 3(10.7)
Total Isolates 157 65 (41.4) 82 (52.2) 10 (6.4)
Cluster- | includes coa types namely coa6, coad@9ccoall, coal2, coald, coalb, coa2l, coaZb/ emal coa28, cluster- Il includes coa2, coa5, coadl0, coal3, coal6, coal7, coal8, coal9, coa2P?, coa23, coa24, coa2p,
coa31l, coa32 and coa33 and cluster- Ill included cooa3, coa4 and coa25

In the present investigation withlul nine isolates remained undigested. Three isol@gtdd, B21 and G46) of 700bp amplicon, one iso({@®84) of 750bp
amplicon and five isolates (B27, B43, B46, C2R &%R) of 800bp amplicon were not digested whichaatkd the absence of specific cutting siteAtd. This
observation is in agreement to findings of Lamgeal. (1999) who also did not observe digestion of tHP€ER products fron®. aureusof bovine mastitis origin.
Similarly, da Silva and da Silva (2005) also obsdrmon-digestion of some of the amplicons. Simiaour results, a wide range @da gene amplicons were reported
by various scientist from different sourogs. 579 to 1442bp (da Silva and da Silva, 2005); 7880bp (Aslantast al.,2007); 710 to 1456bp (Tiwaet al.,2008); 490
to 850bp (Saezt al.,2009), 610 to 960bp (Sindft al.,2010) and 400 to 800bp (Abestral, 2010).

Similar to our results, Langet al. (1999) observed seven different sized PCR prodagts80-1060bp among 66 isolates from bovine ni@astimples which
were further classified into 14 differeAtul digestion types. They also reported that D.1.8200fcoaPCR increased to D.l. = 0.88 Aul digestion as similar to present
study. Stet al (1999) also observed 40 genotypes during genudypi 453S. aureussolates from bovine mastitic milk.

Our results were in agreement to those of Schlggeadbal. (2003) who were able to differentiate human andnahiorigin isolates on the basis @fa gene
RFLP technique. They reporteta gene having variable product size of 650bp, 73@iPpbp and 1050bp and molecular analyses identifie@olymorphism types
with prevalence of type Il in isolates from cow'sknand type IV in isolates from people coming imontact with dairy cows on the farm (the cattlejreemd the other
farm personnel. Seven further genotypes were iiisthtimong the isolates from the cattlemen.

Similar to present investigation, Gelt al (1992) also obtained 440 to 950bp amplicons ducima gene amplification and they observed 10 distineLR
patterns byAlul enzyme digestion among 30 different isolates flmmman clinical samples. Similarly, Hookeyal. (1998) also observed single amplicon of 875, 660,
603, or 547bp and 10 distinct RFLP patterns weundoby enzymeAlul among 85 isolates of methicillin-resisté®it aureuyMRSA) and 10 methicillin-sensitivs.
aureus(MSSA) examined. Annemullast al. (1999) also discriminated 25. aureusstrains isolates from bovine subclinical mastitiel obtained six different types of
RFLP patterns. Some of the restriction fragmentaiobd in the present investigation were similahtwse in the study by Annemuller al (1999).
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Our results corroborated the earlier observatidrsharibet al. (2013) who reported 648, 723, 812 and 913bp sizgdieon ofcoagene in coagulase positive
S. aureusThe product of 812bp was the most frequent andwaded for 5/15 (33.3%) of the isolates followed@#8bp (26.6%), 723bp (13.3%) and 913bp (6.6%)
from human and animal sources.

Bhati et al. (2014) reported single amplicon of either 400,,481®, 550, 600, 710, 760, 810 or 850bp while tlisektes did not produce angaamplicon from
38 isolates of Holstein-Friesian (H-F) crossbred &athi cattle with subclinical mastitis. Subsedlyerthe coa products were digested withlul. The restriction
digestion generated four and seven RFLP pattensisalates from H-F crossbred and Rathi cattlpeesvely.

Yadavet al. (2015b) studied mastitc milk samples and repoited differentcoa PCR products (400bp, 510bp, 600bp and 650bp) ft6roattle isolates and
five different products (400bp, 510bp, 600bp, 65@bK 680bp) from 16 buffalo isolates. They obtaified and six RFLP patterns from cattle and buffslolates,
respectively. Theoagene amplicon of 600bp was produced by the maximumber of isolates.

aur gene typing

In present investigation all th& aureussolates were subjecteddar(aureolysin) gene typingur gene was found in 152 (96.8%) isolates with simghplicon
of 1526bp (Fig. 32) while five (3.2%) isolates. Mt22, J4, B46, G16 and C15 were detected withaistdene (Table. 32).

To find the nucleotide polymorphism in ther gene RFLP o&ur gene (Fig. 30) with nucleotide site specific riesitn endonucleaseinfl (5'...G ANTC...3’
and 3'...CTNA G...5, Single Letter Codes (N)- A or € @ ol.T) was carried out. Thred different aur-RRyPesi.e. A1 (50bp, 150bp, 200bp, 1000bp), A2 (50bp,
650bp, 800bp) and A3 (50bp, 100bp, 140bp, 480bPb@FPwere found among studied isolates (Fig. 38)0Ag all aur-EFLP types, A3 type included in 118dses
with highest prevalence (78.3%) followed by Al typeh 17 (11.2%) isolates and A2 type included &6lates with lowest prevalence (10.5%). A3 typduided
isolates belonging to all studied sources whileah® Al type only existed in buffalo, meat piece anchan, goat isolates, respectively. Source-wisdyais revealed
that human isolates belonged to all three aur-RiypBs while horse, pig, camel, dog, sheep andedatilates belonged to only A3 type. Meat piecelauféalo isolates
belonged to A2 and A3 types and goat isolates lpeldno Al and A3 types as mentioned in table 32.

Three clusters were found during phylogenetic elughalysis o6. aureusiur- RFLP types at the level of 80% genetic simylgFig. 34) by Dice and UPGMA
method. First cluster was made of 17 isolates (mbkuman isolates except two of goat isolateg)pise cluster comprising of 16 isolates (most of aar(iLl1) while
four meat piece and one buffalo isolate), thirgstduincluded 119 isolates (most of animal ori§if)(while nine human and 15 meat piece isolate).

Table 32: Detection and distribution ofaur gene and its RFLP patterns among. aureus isolates.

S. No. Source of Isolate aur type aur RFLP patterns Isolate I.D. No. of isolates Tolts"’glgltz'sm
Human Al 50bp, 150bp, 200bp, 1000bp H1, H2 H#&,H10, H11, H12, H28, H30, H33, H34, H37, H39,0H#4 15 35
and H41
A2 50bp, 650bp, 800bp H3, H4, H5, H9, H15, H21, H24, H27, H29, H31 andBH4 11
A3 50bp, 100bp, 140bp, 480bp, 700bp H7, H13, H1¥p,HH22, H25, H44, H45 and H46 9
Meat Piece A2 50bp, 650bp, 800bp Mt2, Mt9, Mt26 and Mt27 4 20
A3 50bp, 100bp, 140bp, 480bp, 700bp Mtl, Mt3, Nw410, Mt11, Mt12, Mt13, Mt14, Mt15, Mt19, Mt20, | 15
Mt24, Mt25, Mt28 and Mt31
Mt22 (aur -ve) 1
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3. Horse A3 50bp, 100bp, 140bp, 480bp, 700bp His43 and Hrs4 3 3
4. Pig A3 50bp, 100bp, 140bp, 480bp, 700bp Pg2Pydd 2 2
5. Camel A3 50bp, 100bp, 140bp, 480bp, 700bp J219)3110, J14, J15 and J18 7 8
- - J4 @ur -ve) 1
6. Dog A3 50bp, 100bp, 140bp, 480bp, 700bp D4,g,D9, D10 and D13 6 6
7. Sheep A3 50bp, 100bp, 140bp, 480bp, 700bp SV3, SV4, SN3, SN4 and SN14 6 6
8. Buffalo A2 50bp, 650bp, 800bp B26 1 21
A3 50bp, 100bp, 140bp, 480bp, 700bp B1, B5, B1®,8P1, B23, B24, B27, B28, B29, B30, B31, B34, | 19
B36, B39, B42, B43, B55 and B57
- B46 (aur -ve) 1
9. Goat Al 50bp, 150bp, 200bp, 1000bp AG13 and AG15 2 28
A3 50bp, 100bp, 140bp, 480bp, 700bp AG5, AG6, ABB10, AG17, G1, G2, G7, G9, G10, G11, G21, | 25
G24, G29, G35, G37, G39, G40, G41, G43, G45, G46, G49 and
G55
- - G16 @ur -ve) 1
10. Cattle A3 50bp, 100bp, 140bp, 480bp, 700bp @R, C3R, C5R, C7, C8, C9, C11, C12, C13, C17, C22, C23,| 27 28
C26, C29, C34, C36, C37, C39, C40, C41, C43, C48, C50 and
C52
- - C15 @ur -ve) 1
Total No. of isolate 157 157
All aur gene positive isolates were showed 1526bp sizdi@np
Five isolates were negative faur gene (Mt22, J4, B46, G16 and C15)

Similar to our results high prevalenceaafr gene was reported by many researchers with sisiiar(1.5kb) single amplicdre. Zdzaliket al. (2012) reported
99% prevalence of this gene in 167 human cliniaai@es, Sabadt al. (2000) observed 100% presence infbaureustrains, isolated from healthy as well as diseased
persons, Takeuclat al. (2002) detected 100% presenceaaf gene among 74 isolates from cows, pigs and ch&clkend similarly, Sabadt al. (2008) also reported
100% prevalence afur gene among human MRSA and MSSA strains with semgth of 1530bp as in present study.

During RFLP analysis aiur gene many researchers demonstratedativagene occurred in two allelic forms (type | andaijong human and animal isolates of
S. aureugSabatet al., 2000; Takeuchet al., 2002; Zdzaliket al., 2012) but we observed thatir gene existed with three allelic forms. Our resultye based on
substantial number of isolates and varied soureaséhnwe opted for nucleotide sequencing of these thllelic forms to confirm and compare previous allelic forms
and three allelic form obtained in this study.

aur gene sequence analysis

For sequence analysis, &8r gene positive isolates from each aur-RFLP typesvget sequenceick. the isolate AG13 (goat), H2 and H6 (human) from au
RFLP typeAl, the isolates H3, H21 (human), Mt9 Bh#6 (meat piece) from aur-RFLP typeA2 and thedtes H7 (human), J18 (camel), B19 (buffalo), GZafgand
C8 (cattle) from aur-RFLP typeA3. First of all teequences were BLAST at NCBIt{p://blast.ncbi.nlm.nih.gov/Blast.ggand confirmed aaur gene sequences 8f
aureusstrains.
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In sequence analysis of above 12 samples, ovewat than 200 nucleotide and their correspondingharacid variations were recorded at various pasitio
The big gaps or deletions were observed from 64ltipa to 679 position in all studied sequencescdpx in isolate J18 sequence was without gap aigbiate G2
with only two gaps and both these sequences balottgaur-RFLP typeA3. These number of nucleotidealdity can be considered as massive variatiansray
studied sequences. It was also found that, segsidérma similar RFLP patterns had less differencedmparison to those from other patterns (Fig. BBese sequence
variations were non-significanp$0.05) in within aur-RFLP type but variations wdaeind significant (§<0.05) with each other in between aur-RFLP type rdyri
analysis of codon based test of neutrality (Talde Zhis test of neutrality analysis involved 1Xlaotide sequences. All positions containing gaps missing data
were eliminated. There were a total of 418 pos#tionthe final dataset. Evolutionary analyses vesreducted in MEGAG software. Three clusters wergeoked during
phylogenetic tree analysis afir gene sequences of present study and further exl/ézdt aur-RFLP type Al, A2 and A3 classifiedéparate clusters and Al and A2

types were more-closer compared to A3 type (Fig. 36
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Fig. 35: The sequence analysis alir gene obtained in present study.

Table 33: Codon-based Test of Neutrality for analyis betweenaur sequences$n present study.

M M6: Z-Test of Neutral Evolution (C:\Users\SANDEE~ 1\AppData\Local\Temp\PhyloAnalysis-1.meg)

File Display Caption Help

|L|§! |(A.B)h o'.’u 0'..“."| B % & owh h R

1 2 3

.AG13aur A1 0.770 -2.331
. HU2 aur Al 0.443 -1.946
HU3 aur A2 0.021 0.05%

. HU6 aur Al 0.443 1.000 0.054
.HU21aur A2 0.035 0.086 0.319
. MtS aur A2 0.035 0.086 0.319
.Mt26 aur A2 0.035 0.086 0.319
. B19 aur A3 0.000 0,000 0.000
. C8aur A3 0.000 0.000 0.000
10. G2 aur A3 0.000 0.000 0.000
11. HU7 aur A3 0.000 0.000 0.000
12. J18aur A3 0.000 0.000 0.000
The probability of rejecting the null hypothesis of

W 0N L WN

4 5 6 7 8 9 10 11 12
0.770 -2.134 -2.134 -2.134 -6.310 -6.247 -6.355 -6.359 -6.304
0.000 -1.731 -1.731 -1.731 -6.353 -6.290 -6.398 -6.901 -6.347
-1.946 -1.002 -1.002 -1.002 -6.455 -6.436 -6.5496 -6.504 -6.493

-1.731 -1.731 -1,731 6,353 -6.290 -6.398 -6.401 -6.347
0.086 0.000 0.000 -6.353 -6.335 -6.445 -6.403 -6.391
0.086 1.000 0.000 -6.353 -6.335 -6.445 -6.4903 -6.391
0.086 1.000 1.000 -6.353 -6.335 -6.445 -6.4903 -6.391
0.000 0.000 0.000 0,000 -0.857 -0.783 -1.171 2.242
0.000 0.000 0,000 0.000 0.393 -1.342 -1.012 -1.665
0.000 0.000 0.000 0.000 0.435 0.182 -0.964 -0.967
0.000 0.000 0.000 0.000 0.2949 0.313 0.337 -0.499
0.000 0.000 0.000 0.000 0.027 0,098 0.335 0.619
strict-neutrality (dy = dy) (below diagonal) is shown. Values of P less than 0.05 are considered

significant at the 5% level and are vellow highlighted. The test statistic (d+- - d<) is shown above the diagonal d. and dv are the numbers of
synonymous and nonsynonymous substitutions per site, respectively. Analyses were conducted using the Nei-Gojoberl method. The analysis involved
12 nucleotide secquences. All positions contaming geps and nussing data were climnated. lThere were a total of 418 positions - the final datasce:.

Evoluticnarv analyses were conducted in MEGAS,

Multiple sequence alignment of present study seceemwas conducted with reference sequences of [d@Bbase to find similarities and variations betwee

our sequences and reference
Poland belonging to aur-RFLP

NCBI sequences. Eopuhpose, two sequences of NCBI datahdseSequence ID- AJ249166 and AJ249168 from humainstfa
type | and Il respetyi (Sabaet al., 2000) were chosen according to source of isolaimh geographic variations to compare existed

RFLP types with our findings. The multiple sequeatignment of all sequences revealed that both lolasa sequences existed without any gap or deletioich was
present in most of our sequences as describe@redtlivas also observed that aur-RFLP type | secgi®f data base (AJ249166) was more closer tondl1A2 aur-

RFLP types of our study while

aur-RFLP type Il sege of data base (AJ249168) was more closer tty@geof our study with similarity at nucleotide ftasn 20",

28" 40", 45" and at many more positions in the alignment (8W).

The statistic for codon-based test of neutralityeen sequences conducted the probability of rejecting the null hypothesfsstrict-neutrality ¢ = ds (ds and
dy are the numbers of synonymous and nonsynonymdsitsttions per site, respectively) and significgmt0.05) variations were found between both aligneta da
base sequences and our sequences except G2 seqii@dctype was non significantly£0.05) related with aur-RFLP type Il sequence oadmise (AJ249168). The
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analysis involved 14 nucleotide sequences. Alltios containing gaps and missing data were elitathalhere were a total of 366 positions in thelfidataset.
Evolutionary analyses were conducted in MEGAG safentable 34).

Phylogenetic tree analysis of multiple aligar gene sequences revealed that separate clustabaeved for NCBI data bases sequences with mo8tf&59
scaled distance and having maximum differences fatbrather our align sequences. The aur-RFLP typeAR and A3 classified into three clusters, A1 &#were
separated with less scaled distance while A3 waarated with more scaled distance as depictingyimd 38.

The sequence analysis afir gene revealed that sequence variations existeshguaor- RFLP types rather than sourceSofaureus These less variations
between animal and human origin sequences in gsept study may indicates close interaction andange of bacterial genetic material between humaimals and
cross infections (meat piece).
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AL AT AT T AR T e A ICAAA A Gl R
AL AT AT T A T e AICAAA A G L
mTﬁmemﬁcme% 99
tArg

110 120 130

P [ [ L (e (e (e (PP (PPN PR

146
LeuLysHi sEndLysSer Tyr LeuAsnLeuLysMet EndLysllellelle
148
LeuLysHi sEndLysSer Tyr LeuAsnLeuLysMet EndLysllellelle

[TTAAAGCAT TAAAAGAGT TACCTAAAT CTGAAAAT GTGAAAAAT CAT TAT s

LeuLysH sEndLysSer Tyr LeuAsnLeuLysMet EndLysllellelle

[TTAAAGCAT TAAAAGAGT TACCTAAAT CTGAAAAT GTGAAAAAT CAT TATESLY]

LeuLysH sEndLysSer Tyr LeuAsnLeuLysMet EndLysllellelle

TR AAAGCAT TAARAGAR T TECCT AAAT CRGAARAT GT AMAAATINITTATJRED

Ser LysH sEndLysAsnCysLeuAsnProLysMet EndLysl | ePhel | e

140 150
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98

97

95

99

99

99

98

100

147

149

146

151

151

148

147

145

149

149

149

149

[TTAAAGCAT TAAAAGAGT TACCTAAAT CTGAAAAT GTGAAAAAT CAT TATIER ¥4

LeuLysH sEndLysSer Tyr LeuAsnLeuLysMet EndLysllellelle

[TTAAAGCAT TAAAAGAGT TACCTAAAT CTGAAAAT GT GAAAAAT CAT TATRAS)

LeuLysH sEndLysSer Tyr LeuAsnLeuLysMet EndLysllellelle

[TTAAAGCAT TAAAAGAGT TACCTAAAT CTGAAAAT GT GAAAAAT CAT TAT R

LeuLysH sEndLysSer Tyr LeuAsnLeuLysMet EndLysllellelle

[TTAAAGCAT TAAAAGAGT TACCTAAAT CTGAAAAT GT GAAAAAT CAT TATRAR]

LeuLysH sEndLysSer Tyr LeuAsnLeuLysMet EndLysllellelle

TRAAAGCAT TAAAAGHRT TECCT AAAT CRGAARAT GTARAAAATITTT ATIRRES

Ser LysHi sEndLysAsnCysLeuAsnProLysMet EndLysl | ePhel | e

TRAAAGCAT TAAAAGART TECCT AAAT CRGAARAT GTARAAAATITTTATIRRES

Ser LysHi sEndLysAsnCysLeuAsnProLysMet EndLysl | ePhel | e

TRAAAGCAT TAARAGAR TTECCT AAAT CRGAARAT GT AMAAAATINITTAT

Ser LysHi sEndLysAsnCyslLeuAsnProlLysMet EndLysl | ePhel | e

TRAAAGCAT T AAAAGAR TTECCTAAAT CeGAAAAT GTARAAATINI TTAT

Ser LysHi sEndLysAsnCyslLeuAsnProLysMet EndLysl | ePhel | e

TR AAACCAT TAAAAGAR TTECCTAAAT CEGAAAAT GTAAAAM I TTATIERES

Ser LysHi sEndLysAsnCyslLeuAsnProLysMet EndLysl | ePhel | e

148

147

160
T P (e e (e (PRSP (PRt (PRPIPEP (PPN IR
CAAGAT TACT CTGT TACAGAT GTAAAAACAGATAAGAAAGGAT TS ACGCARKEST]
Lysl | eThr LeuLeuG nMet EndLysd nl | eAr gLysAspSer Arg

CAAGATTACTCT GT TACAGAT GT AAAAACAGATAAGAAAGGAT T@ACGCAREE

Lysl | eThr LeuLeuG nMet EndLysd nl | eAr gLysAspSer Arg

CAAGATTACTCT GT TACAGAT GT AAAAACAGATAAGAAAGGAT T@ACGCARIELS

Lysl | eThr LeuLeuG nMet EndLysd nl | eAr gLysAspSer Arg

CAAGATTACT CTGT TACAGAT GTAAAAACAGATAAGAAAGGAT TISACGCARRINE

Lysl | eThr LeuLeuG nMet EndLysd nl | eArgLysAspSer Arg

CAAGATTACECT GT TAQGAT GTAAAAAGATAAIAAAGGAT T TACGCARRAINY

Lysl | eThr LeuLeuLeuMet EndLysLeul | eLysLysAspLeuArg

CAAGATTACT CTGI TACAGAT GTAAAAACAGATAAGAAAGGAT TTACGCARNESN

Lysl | eThr LeuLeuG nMet EndLysd nl | eAr gLysAsplLeuArg

CAAGATTACT CTGI TACAGAT GTAAAAACAGATAAGAAAGGAT TTACGCARNEELS)

Lysl | eThr LeuLeuG nMet EndLysd nl | eAr gLysAsplLeuArg

CAAGATTACT CTGI TACAGATGTAAAAACAGATAAGAAAGCGAT T TACCCARNRSZ:

Lysl | eThr LeuLeuG nMet EndLysd nl | eAr gLysAsplLeuArg

CAAGATTACT CTGI TACAGAT GTAAAAACAGATAAGAAAGGAT TTACGCARMEELS]

Lysl | eThr LeuLeuG nMet EndLysd nl | eAr gLysAspLeuAr g

CAAGATTAGECT GT TACQIGAT GTAAAAACIGATAAIIAATE GGAT T TACGCARNEE:

Lysl | eThr LeuLeuLeuMet EndLysLeul | eLysAr gAspLeuArg

CAAGAT TACECT GI TAQUGATGTAAAAAUIGATAARAAAGGAT TTA 2 198

Lysl | eThr LeuLeuLeuMet EndLysLeul | eLysLysAsplLeuArg

CAAGATTACECT GI TAQIGAT GTAAAAAUIGATAARAAAGGAT TTA 2 198

170 180 190 200
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148

150

197

199

196

201

201

198

197

195

199

199

199

199

198

200

247

249

246

Lysl | eThr LeuLeuLeuMet EndLysLeul | eLysLysAsplLeuArg

Lysl| eThr LeuLeuLeuMet EndLysLeul | eLysAr gAspLeuArg
Lysl | eThr LeuLeuLeuMet EndLysLeul | eLysLysAspLeuArg
210 220 230 240 250

S o [ [ (e (e (e (e (PP IR
TTACACGT TACAACCGAGI GT GGATGGI GI{€CAT GCleCCT GACAAAGAAQ
Il eThr ArgTyr AsnArgVal Tr pMet Val CysMet ArgLeuThr LysLys

TTACACGT TACAACCGAGIT GT GGAT GGT GI{ECAT GHECCT GACAAAGAAG

Il eThr ArgTyr AsnArgVal Tr pMet Val CysMet ArgLeuThr LysLys

[TTACACGI TACAACCGAGI GT GGATGGT (eCCTGACAAAGAAQ

Il eThr ArgTyr AsnArgVal Tr pMet Val CysMet ArgLeuThr LysLys

TTACACGT TACAACCGAGT GT GGAT GGT GT[€CAT GUECCT GACAAAGAAG

Il eThr ArgTyr AsnArgVal Tr pMet Val Cysivet ArgLeuThr LysLys

TTACACAT T{eCAACCGAGT GTIJGAT GGT GT TCAT GCACCT GACAAAGAAG

I eThr H sCysAsnAr gVal LeuMet Val PheMet Hi sLeuThr LysLys

[TTACACGI TACAACCGAGI GI GGATGGI GI'TCATGCACCT GACAAAGAAG

Il eThr ArgTyr AsnArgVal Tr pMet Val PhelMet Hi sLeuThr LysLys

[TTACACGI TACAACCGAGI GI GGATGGI GI'TCATGCACCT GACAAAGAAG

Il eThr ArgTyr AsnArgVal Tr pMet Val PhelMet Hi sLeuThr LysLys

[TTACACGI TACAACCGAGI GI GGATGGI GI'TCATGCACCT GACAAAGAAG

Il eThr ArgTyr AsnArgVal Tr pMet Val PhelMet Hi sLeuThr LysLys
Il eThr ArgTyr AsnArgVal Tr pMet Val PhelMet Hi sLeuThr LysLys
TTACACRTT[€CAACCGAGT GTGAT GG GI TCAT GCACCT GACAAAGAAG
Il eThr H sCysAsnAr gVal LeuMet Val PheMet Hi sLeuThr LysLys

[TTAYACET TIECAACCGAGT GTIGAT GGT GT TCAT GCACCT GACAAAGAAG

Il ell eH sCysAsnArgVal LeuMet Val PheMet Hi sLeuThr LysLys
TTACACRTT[€CAACCGAGT GTIGAT GG GI TCAT GCACCT GACAAAGAAG
I eThr H sCysAsnAr gVal LeuMet Val PheMet Hi sLeuThr LysLys
TTACACRTTI€CAACCGAGT GTIGAT GG GI TCAT GCACCT GACAAAGAAG
Il eThr H sCysAsnAr gVal LeuMet Val PheMet Hi sLeuThr LysLys

[TTAYACET TIECAACCGAGT GTIGAT GGT GT TCAT GCACCT GACAAAGAAG

Il ell eH sCysAsnArgVal LeuMet Val PheMet Hi sLeuThr LysLys

260 270 280 290 300

N Y P Y I e Y Y e e
T GAAAGTIECAlIGOE GACAAAT (G AAAGT CGT TT TAATCAACCGT GA
EndLysCysMet ArgThr AsnAr gVal LysSer PheEndSer Thr Val | | e

T GAAAGT ECAUICEGACAAAT CECUJJARAGT CGI TTTAAT CAACGGT GA

EndLysCysMet ArgThr AsnAr gVal LysSer PheEndSer Thr Val | | e

T GAAAGT ECAUICOE GACAAAT CECUJJARAGT CGI TTTAAT CAACGGT GA

EndLysCysMet ArgThr AsnAr gVal LysSer PheEndSer Thr Val | | e
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251

251

248

247

245

249

249

249

249

248

250

297

299

296

301

301

298

297

295

299

299

TGAAAGT{€CAIJGOEGACAAAT CEGJAAAGT CGT TTTAAT CAACGGT GATRE]MY

EndLysCysMet ArgThr AsnAr gVal LysSer PheEndSer Thr Val | | e

TGAAAGTACACGCAGACAAAT CAGGAAAAGT CGT T TTAAT CAAIIGGE AT

EndLysTyr Thr G nThr AsnG@ nGd uLysSer PheEndSer Met Ile
297
EndLysTyr Thr G nThr Asnd@ nd uLysSer PheEndSer Thr Val | | e
296
EndLysTyr Thr G nThr AsnG@ nd uLysSer PheEndSer ThrVal | | e

[TGAAAGT ACACGCAGACAAAT CAGGAAAAGI CGI TTTAAT CAACGGT GAT ez

EndLysTyr Thr G nThr AsnG@ nd uLysSer PheEndSer ThrVal | | e
298
EndLysTyr Thr G nThr Asn@ nd uLysSer PheEndSer ThrVal | | e
[TGAAAGTACACGCAGACAAAT CAGGEAAAGT CGT TTTAAT CAICUSCATIREL:
EndLysTyr Thr G nThr Asnd@ n LysSer PheEndSer Met Al al | e

TGAAAGTACACGCAGACAAAT CAGGAAAAGT CGT TTTAAT CAAJIGCEGATIPASL:

EndLysTyr Thr G nThr Asnd@ nd uLysSer PheEndSer Met Ile

TGAAAGT ACACGCAGACAAAT CAGGAAAAGT CGT TT TAAT CAAIIGGEGATJREE:

EndLysTyr Thr G nThr Asnd@ nd uLysSer PheEndSer Met Ile

TGAAAGTACACGCAGACAAAT CAGGEAAAGT CGT TTTAAT CAAIGCSGATIFASK

EndLysTyr Thr G nThr Asnd@ n LysSer PheEndSer Met Al al | e
[TGAAAGTACACGCAGACAAAT CAGGAAAAGT CGT TT TAAT CAAIGGRGATIREE
EndLysTyr Thr G nThr Asnd@ nd uLysSer PheEndSer Met Al al | e
310 320 330 340 350
S o [ L [ (e (e PRPAPe (PP IR
ACT GAlS GOIIARI GAAA GOCGACAAATAAAGT GACATTAA A
LeuThr Leu d uSerLysAl aAspLysEndSer Aspl | eLysd n
348
LeulMet Ar gAr gLysEndSer Argd nl | eLysEndHi sEndAl aArg
ACT GAT GCGAAGAAAGTAAAGCCGACAAATAAAGT GACAT TAAGCAAGEA
LeulMet Ar gAr gLysEndSer Argd nl | eLysEndHi sEndAl aArg
LeulMet Ar gAr gLysEndSer Argd nl | eLysEndHi sEndAl aArg

ACT GAT GCGAAGAAAGTAAAGCONACEAATAAAGT GACAT TAAGAAR GARREEY

LeuMet Ar gAr gLysEndSer d nArgl | eLysEndHi sEndVal Lys
ACT GAlS GAAGAAAGTAAAGOCGACAAATAAAGT GACAT TAAGCAAGAIRER
LeuThr d nArgLysEndSer Argd nl | eLysEndHi sEndAl aArg
ACT GAle GIRAAGAAAGTAAAGCOGACAAATAAAGT GACATTAAGCAAGA
LeuThr d nArgLysEndSer Argd nl | eLysEndHi sEndAl aArg
ACT e GOAAAGAAAGT AAAGCCGACAAATAAAGT GACAT TAAGCAAGGA
LeuThr @ nArgLysEndSer Argd nl | eLysEndHi sEndAl aArg

ACT GASGIIAAGAAAGT AAAGCCGACAAATAAAGT GACAT TAAGCAAGGARREE!

LeuThr @ nArgLysEndSer Argd nl | eLysEndHi sEndAl aArg

ACT GAT GCGAAGAAAGTAAAGCOSACEAATAAAGT GACAT TAAAAR GARREZE:

Leulet Ar gAr gLysEndSer d nAr gl | eLysEndHi sEndVal Lys

345

345

350

346

344
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347
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349

349

349

348

350

ACT GAT GCGAAGAAAGTAAAGCUAACEAATAAAGT GACAT TAAJAAR GARREZE:

LeulMet Ar gAr gLysEndSer d nArgl | eLysEndHi sEndVal Lys

ACT GAT GCGAAGAAAGTAAAGCUSACEAATAAAGT GACAT TAA AR GARREZE:

LeulMet Ar gAr gLysEndSer d nAr gl | eLysEndHi sEndVal Lys

ACT GAT GOGAAGAAAGT AAAGCTAACEAATAAAGT GACAT TAAGAAL AR

LeulMet Ar gAr gLysEndSer d nArgl | eLysEndHi sEndVal Lys
/ACT GAT GCUGAAGAAAGT AAAGCTRACIEAATAAAGT GACAT TAA AR GARREE:
Leulet Ar gAr gLysEndSer d nAr gl | eLysEndHi sEndVal Lys
360 370 380 390 400

EndSer

Eg%g%

2
2
.

g%
-
8 o

Vet LysArg

I I I I I I I |
CTGACAAAGCAT TTAACGCAGT TAAGAT TGATAAAAATAAARKESZ!
Endd nSer | | eEndAr gSer EndAspEndEndLysEnd

CTGACAAAGCAT TTAACGCAGI TAAGAT TGATAAAAATAAARK] N

LeuThr LysH sLeuThr d nLeuArgLeul | eLysl | eLys

CTGACAAAGCAT T TAACGCAGT TAAGAT TGATAAAAAT AAARK] eI

LeuThr LysH sLeuThr d nLeuArgLeul | eLysl | eLys

CTGACAAAGCAT T TAACGCAGT TAAGAT TGATAAAAAT AAAR]sTe]

LeuThr LysH sLeuThr d nLeuArgLeul | eLysl | eLys

(C8GACAAAGCAT TTAARGCAGT TAAGAT T GATANEAATAAARRESE]

ProThr LysH sLeuLysd nLeuArgLeul | eArgl | eLys

CTGACAAAGCAT T TAACGCAGT TAAGAT TGATAAAAAT AAAIKEETS)

LeuThr LysH sLeuThr d nLeuArgLeul | eLysl | eLys

[TGAAGCGGGCT GACAAAGCAT T TAACGCAGIT TAAGAT TGATAAAAAT AAAIKEETS)

Vet LysAr gAl aAspLysAl aPheAsnAl aVal Lysl | eAspLysAsnLys

;

g%
o

Vet LysAr g
[TGARGORG
Met Thr @ n
[TGARGORG
Met Thr @ n
[TGARGORG
Met Thr @ n
[TGARGORG
Met Thr @ n
[TGARGORG

Met Thr @ n

CTGACAAAGCAT T TAACGCAGT TAAGAT TGATAAAAAT AAARKCISK]

LeuThr LysH sLeuThr d nLeuArgLeul | eLysl | eLys

CTGACAAAGCAT T TAACGCAGT TAAGAT TGATAAAAAT AAAIK] g

LeuThr LysH sLeuThr d nLeuArgLeul | eLysl | eLys

(C8GACAAAGCAT TTAARGCAGT TAAGAT T GATAAESATAAAIRIKS

ProThr LysH sLeuLysd nLeuArgLeul | eSer || eLys
(L8 GACAAAGCAT T TAAINGCAGT TAAGAT TGATAAEAATAAARKISN
ProThr LysH sLeuLysd nLeuArgLeul | eArgl | eLys

(C8GACAAAGCAT TTAARGCAGT TAAGAT T GATANEAATAAAIRISKS

ProThr LysH sLeuLysd nLeuArgLeul | eArgl | eLys

(C8GACAAAGCAT TTAARGCAGT TAAGAT T GATAAESATAAAIRETS

ProThr LysH sLeuLysd nLeuArgLeul | eSerl | eLys

(C8GACAAAGCAT TTAARGCAGT TAAGAT T GATAAESATAAARREE!

ProThr LysH sLeuLysd nLeuArgLeul | eSer 1l eLys
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395

398

395

400

400

397

397

394

398

398

398

398

397

399

445

448

445

450

450

410 420 430 440 450

O I O [ L e PN [ IPRPRPIN IR

CCAAGATGACGITAT GAAAATAAAGT CGAAATCGA

Ser EndLysPr oPr oAr géndAr gTyr G nArgLysEndSer Ar gAsnAr g

GCTAAAAACCT CCAAGATGACGT TATCAAAGAAAATAAAGT CGAAAT CGA
LeuLysThr Ser LysMet Thr LeuSer LysLysl | eLysSer LysSer

GCTAAAAACCT CCAAGAT GACGI TATCAAAGAAAATAAAGT CGAAAT CGA

LeuLysThr Ser LysMet Thr LeuSer LysLysl | eLysSer LysSer

GCTAAAAACCT CCAAGAT GACGI TATCAAAGAAAATAAAGT CGAAAT CGA

LeuLysThr Ser LysMet Thr LeuSer LysLysl | eLysSer LysSer

AT A AT A TRATIAMAGAAAAGAAAGTIGAAAT OGA

ArgLysl | eLeuLysl | eLysSer LeuLysLysThrLysLeulLysSer

GCTAAAAACCT CCAAGAT GACGT TATCAAAGAAAATAAAGT CGAAAT CGA

LeuLysThr Ser LysMet Thr LeuSer LysLysl | eLysSer LysSer

GCTAAAAACCT CCAAGAT GACGT TAT CAAAGAAAATAAAGT CGAAAT CGA

Al aLysAsnLeud nAspAspVal | | eLysd uAsnLysVal G ul | eAsp

GCTAAAAACCT CCAAGAT GACGT TAT CAAAGAAAATAAAGT CGAAAT CGA

LeuLysThr Ser LysMet Thr LeuSer LysLysl | eLysSer LysSer

GCTAAAAACCT CCAAGAT GACGT TATCAAAGAAAATAAAGT CGAAAT CGA

LeuLysThr Ser LysMet Thr LeuSer LysLysl | eLysSer LysSer

R ANAAICT IR AT AL GTOATIIARAAAARRARAGTJJGAAAT OGA

ArgLysl | eLeuLysl | eLysSer LeuLysLysThr LysLeulLysSer

AT AT AT ATIIARA AAARRARAGTJJGAAT OGA

ArgLysl | eLeuLysl | eLysSer LeuLysLysThrLysLeulLysSer

AT AT AT ATIIARA AAARRARAGTJJGAAT OGA

ArgLysl | eLeuLysl | eLysSer LeuLysLysThr LysLeulLysSer

AT AT AT ATIIARA AAARRARAGTJJGAAAT OGA

ArgLysl | eLeuLysl | eLysSer LeuLysLysThrLysLeulLysSer

AT AT AT ATIIARA AAARRARAGTJJGAAT OGA

ArgLysl | eLeuLysl | eLysSer LeuLysLysThr LysLeuLysSer

444
447
444
449
449
446
446
443
447
447
447
447
446

448

460 470 480 490 500
T P o o (e (e (e (PP (PP IR

L GACAGTAATAAATACAT TTACAATATTGAATTAAT TACAGTAACACH:Ter
Tr pEndG nEndEndI | eH sLeuG nTyr Endl | eAsnTyr Ser AsnThr

[TGGIGACAGTAATAAATACATTTACAATATTGAATTAATTACAGTAACACE I

Met Val Thr Val || eAsnThr PheThr | | eLeuAsnEndLeud nEndH s

[TGGI GACAGTAATAAATACATTTACAATAT TGAAT TAAT TACAGT AACACR X

Met Val Thr Val | | eAsnThr PheThr | | eLeuAsnEndLeud nEndH s

[TGGTGACAGTAATAAATACAT TTACAATATTGAAT TAAT TACAGT AACACKEZRSR]

Met Val Thr Val | | eAsnThr PheThr | | eLeuAsnEndLeud nEndH s

TGGT GACAGTAATAAATACET T TAIIAATIET TGAETTAAT TACAGTIEACACIREL

Met Val Thr Val | | eAsnThr Phel | eMet LeuSer EndLeud nEndH s
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497

497

494

498

498

498

498

496

8GGI GACAGTAATAAATACATTTACAATATTGAAT TAATTACAGTAACAQ

ThrVal ThrVal I | eAsnThr PheThr | | eLeuAsnEndLeud nEndHi s

8GGI GACAGTAATAAATACAT TTACAATAT TGAAT TAATTACAGTAACAQ

G yAspSer AsnLysTyr |l eTyr Asnl | ed uLeul | eThr Val Thr

8GGI GACAGTAATAAATACAT TTACAATATTGAAT TAATTACAGTAACAQ

ThrVal ThrVal | | eAsnThr PheThr | | eLeuAsnEndLeud nEndHi s

8GGI GACAGTAATAAATACAT TTACAATATTGAAT TAATTACAGTAACAQ

ThrVal ThrVal | | eAsnThr PheThr | | eLeuAsnEndLeud nEndHi s

TGGT GACAGTAATAAATACETT TAJIAATIET TGAETTAAT TACAGTIEACAQ

Met Val Thr Val | | eAsnThr Phel | eMet LeuSer EndLeud nEndH s

TGGT GACAGTAATAAATACETT TAJIAATIET TGAETTAAT TACAGTIEACAQ

Met Val Thr Val | | eAsnThr Phel | eMet LeuSer EndLeud nEndH s

TGGT GACAGTAATAAATACETT TAJIAATIET TGAETTAAT TACAGTIEACAQ

Met Val Thr Val | | eAsnThr Phel | eMet LeuSer EndLeud nEndH s

TGTGACAGI AATAAATACE T T TAIAATETT GAET TAAT TACAGTIEACA]

Met Val Thr Val | | eAsnThr Phel | eMet LeuSer EndLeud nEndH s

TGGTGACAGI AATAAATACE T T TAAATETT GAET TAAT TACAGTIEACA]

Met Val Thr Val || eAsnThr Phel | eMet LeuSer EndLeud nEndH s

496
493
497
497
497
497
496

498

510
T P (e [ (e (PR (APt (PRPPEre PP IR
CAGAAAT T TCACAT TGGAAAGT TAAAAT TGAT GOS8 GACACAGGAGCAGT Tz
Ar gAsnPheThr Leud uSer EndAsnEndCysAr gHi sAr gSer Ser

CAGAAAT TTCACAT TGGAAAGT TAAAAT TGAT GUAGACACAGGAGCAGT TiZ:x4

G nLysPheHi sl | eG yLysLeuLysLeuMet G nThr @ nd ud nLeu

CAGAAAT T TCACAT TGGAAAGT TAAAAT TGAT GORGACACAGGAGCAGT TSEX

G nLysPheHi sl | eG yLysLeuLysLeuMet G nThr @ nd ud nLeu

CAGAAATTTCACAT TGGAAAGT TAAAAT TGAT GUAGACACAGGAGCAGT TZR]

G nLysPheHi sl | eG yLysLeuLysLeuMet G nThr @ n@ ud nLeu

CAGAAATTTCACATTGGAAAGT TAAAAT TGAT GO AACU GCe AT TR

G nLysPheHi sl | eG yLysLeuLysLeuMet LeuLysLeuAl aLysPhe

CAGAAATTTCACATTGGAAAGT TAAAAT TGATIA 8 GACACAGGAGCAGT T

G nLysPheHi sl | eG yLysLeuLysLeul | eProThr @ nd@ ud nLeu

CAGAAATTTCACATTGGAAAGT TAAAAT TGATIA 8 GACACAGGAGCAGT TR

Prod ul | eSer H sTrpLysVal Lysl | eAspThr AspThr d yAl aVal

CAGAAATTTCACATTGGAAAGT TAAAAT TGATIA 8 GACACAGGAGCAGT TIEEZK]

G nLysPheHi sl | eG yLysLeuLysLeul | eProThr @ nd ud nLeu

CAGAAATTTCACATTGGAAAGT TAAAAT TGATIA 8 GACACAGGAGCAGT TIE N

G nLysPheHi sl | eG yLysLeuLysLeul | eProThr @ nd@ ud nLeu

CAGAAAT TTCACATT GGAAAGT TAAAAT T GAT GIeARA I CCS AR TN

G nLysPheHi sl | e yLysLeuLysLeuMet LeuLyslLeuAl aLysPhe

CAGAAAT TTCACATT GGAAAGT TAAAATTGAT e ARA QIS AR T TIEIX

G nLysPheHi sl | ed yLysLeuLysLeuMet LeuLyslLeuAl aLysPhe

CAGAAAT TTCACATT GGAAAGT TAAAAT T GAT GReARA Qs AR TTIEIN

520 530 540 550
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499

545

548

545

550

550

547

547

544

548

548

548

548

547

549

594

598

G nLysPheHi sl e

AAAATT GAT GO ARACICCRGRARTT

G nLysPheHi sl | e

AAAATT GAT GO ARACICCRGRART T

G nLysPheHi sl e

560

T P (e e (e (e e PRt (PP IR
GT TGAAAAAACGAACT TAGT TAAAGAAGOR GCAGRAACT GGRACAGGTAA
CysEndLysAsnd uLeuSer EndAr gSer Ser Ser AsnTr pHi sAr gEnd
(GTTGAAAAAACGAACT TAGT TAAAGAAGORCCAGSAACT GGRACAGGTAA
LeuLysLysArgThr EndLeuLysLysd nG nG nLeuAl ad nVal
(GT T GAAAAAACGAACT TAGT TAAAGAAGORGCAGSAACT GGRACAGGTAA
LeuLysLysArgThr EndLeuLysLysd nG nG nLeuAl ad nVal

GTTGAAAAAACGAACT TAGT TAAAGAAGUA GCAGAACT GGSACAGGTAA

LeuLysLysArgThr EndLeuLysLysd nG nG nLeuAl ad nVal

LTGAAAAANFIAACT TAGT TAAAGAAGJ GCAGAAACT GGT AITAGGRAA

EndLysLysEndThr EndLeuLysLyslLeud nLyslLeuVal Lysd u
LeuLysLysArgThr EndLeuLysLysArgG nLyslLeuVal d nVal
v,

GT TGAAAAAACGAACT TAGT TAAAGAAGCEGCAGAA

Val @ uLysThr AsnLeuVal Lysd uAl aAl ad u LeuVal d nVal

GTTGAAAAAACGAACT TAGT TAAAGAAGOEGCAGAAICT GGTACAGGT AA

LeuLysLysArgThr EndLeuLysLysArgG nAsn TrpTyr ArgEnd

G TGAAAAAACGAACT TAGT TAAAGAAGOEGCAGAAACT GGTACAGGT AA

LeuLysLysArgThr EndLeuLysLysArgG nLyslLeuVal d nVal

LTAGAAAAANIIGAACT TAGT TAAAGAAGCJJGCAGAAACT GGT AIAGGRAA

EndLysLysEndThr EndLeuLysLyslLeud nLyslLeuVal Lysd u
T GAAAAAMITGAACT TAGT TAAAGAAGCJGLAGAAACT GGTARAGGAAA
EndLysLysEndThr EndLeuLysLyslLeud nLyslLeuVal Lysd u
T GAAAAAITGAACT TAGT TAAAGAAGCJGLAGAAACT GGTARAGGAAA
EndLysLysEndThr EndLeuLysLyslLeud nLyslLeuVal Lysd u

LTTAGAAAAANIIGAACT TAGT TAAAGAAGCJ GCAGAAACT GGT ATAGTRAA

EndLysLysEndThr EndLeuLysLyslLeud nLyslLeuVal Lysd u

LTTAGAAAAANIIGAACT TAGT TAAAGAAGCJJ GCAGAAACT GGT AAGTRAA

EndLysLysEndThr EndLeuLysLyslLeud nLyslLeuVal Lysd u

570 580 590

610

S P (e (e e PP PPt (PP (PP
(GGT GT[€CT TGIAGATACAAAAGATAT CAATAT CAATAGTA
Val Leu AspThr LysAspl | eAsnl | eAsnSerll e

AGGT GI[€CT T GJAGATACAAAAGATAT CAATAT CAATAGTAT T GAJIGGT G

LysVal CysLeud ul | ed nLysl |l eSerl| eSerl| eVal LeuMet Val

620 630 640
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LysLeuLyslLeuMet LeuLysLeuAl aLysPhe
LysLeuLyslLeuMet LeuLysLeuAl aLysPhe
LysLeuLyslLeuMet LeuLysLeuAl aLysPhe
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594
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600

600

597

596

593

598

598

598

598

597

599

635

648

637

650

650

647

639

627

648

637

AGGT GT{€CT T GINGATACAAAAGATAT CAATAT CAATAGTAT

LysVal CysLeud ul | ed nLysll eSerl |l eSerll eVal Leu

AGGT GI[€CT T GAGATACAAAAGATAT CAATAT CAATAGT AT TGAJIGGT G

LysVal CysLeud ul | ed nLysl | eSerl | eSerl| eVal LeuMet Val

AGGT GTACT TGGCGATACAAAAGATATIIAATATCAATAGTAT TGACGGI G

LysVal Tyr LeuAl al | ed nLysl | eLeul | eSer || eVal LeuThr Val

AGINGTACT8GGCGATACAAAAIIATAT CAATAT CAATAGTAT TGACGGT G

Lysd uTyr Ser Al al | ed nLysl | eSerl | eSerl|eVal LeuThr Val

AGIAGI ACTISGCCGATACAARARAT AT CAATAT CAATAGTATTE

Lysd uTyr Ser Al al | ed nLysll eSerlleSerlleVal Leu
AGIRGT ACTIRGECGAT ACAAAAIIATAT CAATAT CA

ArgSer Thr ArgArgTyr LysLysTyrG nTyrHi s

AGTRGT ACTIGLCGATACAAAAIATAT CAATAT CAATAGTATT GACGGT G

Lysd uTyr Ser Al al | ed nLysl | eSerlleSerlleVal LeuThr Val

AGGI GTACT TGGCGATACAAAAGATAT CAATATCAATAGTATTGACGGI(

LysVal Tyr LeuAl all ed nLysl | eSerlleSerll| eVal LeuThr Val
LysVal Tyr LeuAl al | ed nLysl | eSerlleSerl| eVal LeuThr Val
LysVal Tyr LeuAl al | ed nLysl | eLeul | eSer |1 eVal LeuThr Val
LysVal Tyr LeuAl al | ed nLysl | eSerlleSerll| eVal LeuThr Val

AGGT GTACT TGGCGATACAAAAGATAT CAATATCAATAGTATTGACGGT G
LysVal Tyr LeuAl al |l ed nLysl | eSerlleSerll eVal LeuThr Val

649
649
646
639
627
647
647
647
647
646
648

660 670
N DU P P

680 690

S I P P I
ATAAATCT T TAGCCGCT TGOS
Endl | ePheSer ArgLeu

[TCATATAAATCT TTAGCCGCT TGOl

Hi sl | eAsnLeuEndProLeuG vy

ATATAAAT CTTTAGCCGCT T GCGIsE]

Tyr LysSer LeuAl aAl aTr p

AT T AT AGAECAT T e ACCONI A TAAA T TeAC LS

AspLeuVal EndAr gl | eEndAr gl | eLysVal AsnTyr @ nHi sThrll e

GATT TAGCCTAGAAGAT TTAACGONIPRAC e TAAATIIATIOAGT N RI T COlEeL:

AspLeuAl aEndLysl | eEndAr gl | eLysVal AsnTyr G nHi sLeuAl a

GATTTA [TAAATCT T TAGCCGCT TGOl

AsplLeu Endl | ePheSer ArglLeu

[TAAATCT TTAGCCGCT T GRS

Endl | ePheSer ArglLeu

[TAAATCT T TAGCCGCT T GClEESS)

LysSer LeuAl aAl aTrp

CATATAAATCTTTAGCCGCT T GClEEE]Y)

700

CAT T AT A

AspLeuVal Tyr

GATTTAGCC
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656

683

660

700

700

672

659

647

681

690

679

696

680

699

Ser Tyr LysSer LeuAl aAl aTrp

CGTCATATAAATCT T

Thr Ser Tyr LysSer LeuAl aAl aTrp

[TCATATAAATCTTTAGCCGCTTGA

Val | | eEndl | ePheSer ArglLeu

CGICATATAAATCT TTAGCCGCT TG

AsplLeuAl aEndLysl | eEnd ProSer TyrLysSer LeuAl aAl aTr p

GATTTAGCO [TCATATAAATCT TTAGCCGCTTGG
AspLeuAl a Ser Tyr LysSer LeuAl aAl aTr p

GATTTAGCCTAGAAGAT TTAACJCGT CATATAAATCTT

AspLeuAl aEndLysl | eEndAr gAr gHi sl | eAsnLeuTr pProLeuG vy

710 720 730 740 750

P I S P Pt (e (PRt (PPt PP IR

TAATGCATCTTTACAATCTTTGAAGI TTGAATTACTTGT TAA

Val EndCysl | ePheThr | | ePhed uVal Endl | eThr CysEndVal
ATAATGCATCTTTACAATCTTTGAAGT TTGAATTACTTGI TAA

Il eMet Hi sLeuTyr AsnLeuEndSer LeuAsnTyr LeuLeuSer

||

[TATAATGCATCTTTACAATCTTTGAAGT TTGAATTACTTGT TAA
Tyr AsnAl aSer Leud nSer LeuLysPhed uLeulLeuVal Lys
TUTAASGIAT CERBIACAC ORI CRTIIAAT TACTEVTIEAACET GAA

LeuThr
TUTAAT GIAT ORRSIACACEICRCOACRTIIEAT TACTEIRTIEAACRT GAA
Leulet
ATAATGCATCTTTACAATCT TTGAAGT TTGAATTACTTGI TAA
Val EndCysl | ePheThr | | ePhed uVal Endl | eThr CysEndVal

ATAATGCATCTTTACAATCT TTGAAGT TTGAATTACTTGI TAA

_‘

ATAATGCATCTTTACAATCT TTGAAGT TTGAATTACTTGI TAA
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ATAATGCATCTTTACAATCTTTGAAGT TTGAATTACTTGI TAA
Tyr AsnAl aSer Leud nSer LeuLysPhed uLeulLeuVal Lys
ATAATGCATCTTTACAATCTTTGAAGT TTGAATTACTTGI TAA
ATAATGCATCTTTACAATCTTTGAAGT TTGAATTACTTGI TAA
ATAATGCCATCTTTACAATCTTTGAAGT TTGAATTACTTGI TAA

ATAATGCATCTTTACAATCTTTGAAGT TTGAATTACT TGI TAA(
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ATAATGCATCTTTACAATCT TTGAAGT TTGAATTACTTGI TAA
Il eMet Hi sLeuTyr AsnLeuEndSer LeuAsnTyr LeuLeuSer

22

N

Il eLys d nVal LysArgH sEndLeulLeulMet LysMet Lys

Il eLys d nVal Lys@G nH sEndLeulLeulMet LysMet Lys
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778

755

798
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767

760
R P [ e (e (PP PPt (PRPRPE (RPN IR
ATTQUGT TAATGCTCGGTAGTAAAT TTGITCTGATTTAGATTTCCCTATIA]
PheCysEndCysSer Val Val AsnLeuPheEndPheAr gPheProTyr

ATTCCGITAATGCTCGGTAGTAAATTTGITCTGATTTAGATTTCCCTAT INaA4

Il eProLeuMet LeuG ySer LysPheVal Leul | eEndl | eSer Leu

ATTCCGITAATGCTCGGTAGTAAATTTGITCTGATTTAGATTTCCCTATIAE:

Tyr Ser Val AsnAl aAr gEndEndl | eCysSer AspLeuAspPheProl | e

(X2 Ol TS R AEALIGA TCRACGT GIGEIIGT AEI COGATIIATTAIGC 797
Thr Ser Ser LysMet | | eAsnVal LeuVal EndMet Ar gl | el | eMet

2l TEE AR AR A GAECAACGT GIECGT AENICOAANIIATTACGE 797
Thr Ser EndLysMet Ser AsnVal LeuAl aEndMet A nl | el | eThr

ATTCCGITAATGCTCGGTAGTAAATTTGITCTGATTTAGATTTCCCTAT A

PheAr gendCysSer Val Val AsnLeuPheEndPheAr gPheProTyr

ATTCCGI TAATGCTCGGTAGTAAATTTGITCTGATTTAGAT T TCCCTAT K]

PheAr gendCysSer Val Val AsnLeuPheEndPheAr gPheProTyr

ATTCCGI TAATGCTCGGTAGTAAATTTGI TCTGATTTAGAT T TCCCTAT rgx!

Tyr Ser Val AsnAl aAr gEndEndl | eCysSer AspLeuAspPheProl | e

ATTCCGI TAATGCTCGGTAGTAAATTTGI TCTGATTTAGAT T TCCCTAT &S]

Tyr Ser Val AsnAl aAr gEndEndl | eCysSer AspLeuAspPheProl | e

ATTCCGTTAATGCTCGGTAGTAAAT T(€GTTCTGATTTAGAT TTCCCTATAL!

Tyr Ser Val AsnAl aAr gendEndl | ed ySer AspLeuAspPheProl | e

ATTCCGI TAATGCTCGGTAGTAAATTTGI TCTGATTTAGAT T TCCCTAT Iegs

PheAr gendCysSer Val Val AsnLeuPheEndPheAr gPheProTyr

ATTCCGI TAATGCTCGGTAGTAAATTTGITCTGATTTAGAT T TCCCTAT gels)

Tyr Ser Val AsnAl aAr gendEndl | eCysSer AspLeuAspPheProl | e

ATTCCGI TAATGCTCGGTAGTAAATTTGITCTGATTTAGAT T TCCCTAT g

Tyr Ser Val AsnAl aAr gendEndl | eCysSer AspLeuAspPheProl | e

ATTCCGI TAATGCTCGGTAGTAAATTTGI TCTGATTTAGAT T TCCCTAT gSk;

Il eProLeuMet LeuG ySer LysPheVal Leul | eEndl | eSer Leu

770 780 790 800

810 820 830

R I I e o I I I [ |
[TGCTTGAATTACGT TATAAGCT GCTTTAT T TGGAAT GCCAGAAT TCGTATRE{lo]
CysLeuAsnTyr Val | | eSer CysPhel | eTr pAsnAl aAr gl | eAr ghet

[TGCTTGAATTACGT TATAAGCT GCTTTATTTGGAATGCCAGAAT TCGTATIR: VA4

LeuLeud uLeuArgTyrLysLeuLeuTyr Leud@ uCysd nAsnSer Tyr

[TGCTTGAAT TACGT TATAAGCT GCTTTATTTGGAAT GCCAGAAT TCGT ATV

Al aEndl | eThr LeuEndAl aAl aLeuPhed yMet Prod uPheVal

IAAACAYR- AT AN TRACTACAAAAINIACAT TTAE TBGTAAGIE TIAC 846

LeuAsnLys Hi sMet || eThr ThrLysl | eH sLeuVal Val Ser LeuThr

IAAACAE @ATAIGNITATTACAAAGRCACATTTAETOGTRAIGAIENI 846

LeuAsnLys Hi sMetll ell eThrLysThr H sLeuVal Val AsnH sMet

[TGCTTGAAT TACGI TATAAGCT GCTTTAT T TGGAAT GCCAGAAT TCGTATREXES)

840 850
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754

742

776

785

774

791

775

794

801

828

805

847

847

817

804

792

826

835

824

841

CysLeuAsnTyr Val | | eSer CysPhel | eTr pAsnAl aAr gl | eAr ghet

[TGCTTGAAT TACGI TATAAGCT GCTTTAT T TGGAAT GCCAGAAT TCGTATR10K]

CysLeuAsnTyr Val | | eSer CysPhel | eTr pAsnAl aAr gl | eAr ghet

[TGCTTGAAT TACGI TATAAGCT GCTTTAT T TGGAAT GCCAGAAT TCGTAT Ask!

Al aBEndl | eThr LeuEndAl aAl aLeuPhed yMet Pr od uPheVal

[TGCTTGAAT TACGI TATAAGCT GCTTTAT T TGGAAT GCCAGAAT TCGTATRe¥AS]

Al aBEndl | eThr LeuEndAl aAl aLeuPhed yMet Pr od uPheVal

[TGCTTGAATCACGI TATAAGCT GCTTTAT T TGGAATIJCCAGAAT TCGT ATRSEZ

Al aEndl | eThr LeuEndAl aAl aLeuPhed yI | ePr od uPheVal

[TGCTTGAATCACGI TATAAGCT GCTTTAT T TGGAATIICCAGAAT TCGTAT RSP

CysLeuAsnHi sVal | | eSer CysPhel | eTr pAsnSer Ar gl | eAr ghet

[TGCTTGAATCACGI TATAAGCT GCTTTAT T TGGAATIICCAGAAT TCGTATRSZIY]

Al aEndl | eThr LeuEndAl aAl aLeuPhed yI | ePr od uPheVal

[TGCTTGAATCACGI TATAAGCTGCTTTATTTGGAATICCAGAAT TCGT AT LS

Al aEndl | eThr LeuEndAl aAl aLeuPhed yI | ePr od uPheVal

[TGCTTGAATCACGTI TATAAGCTGCTTTATTTGGAATIICCAGAAT TCGT ATIRZE]

LeuLeud uSer ArgTyrLysLeuLeuTyr Leu@ uPhed nAsnSer Tyr

860 900

T P P e P P P P P P
GCACECCACOGTTATCHBMITT T TTCAGI GTATACATAGTCT T TCATAT GARCEN

Hi sAl aThrValll e PhePheSer Val Tyr || eVal PheH sMet

870 880 890

GCACACCACCGITATC [TTTTTCAGIGTATACATAGICTTTCATAT GAR:IZA
Al aHi sH sArgTyr LeuPhed nCysl | eHi sSer LeuSer Tyrd u
GCACACCACCGITATQ [TTTTTCAGIGTATACATAGI CTTTCATATGAR:1sxA

CysThr Pr oProLeuSer PheSer Val Tyr Thr EndSer Phel | eEnd

(GRS ACCAIEGTIIET CCAATE e TR TIIAACACATRGTERRT CATRTEVIRCRE:
Il eThr Met Val Val G nEndSer H sEndHi sMet Endl |l ell e Met
[EACANEeACElA IS YNRIGEI T CAU TINACCRRY] [EITAAJIARC IIAC 894

Thr Thr LysVal Val G nLeuPheHi sEndArghet Leul | eThr Thr

863
Hi sThr ThrVval |l e PhePheSer Val Tyr || eVal PheH sMet
850
Hi sThr ThrVval Il e PhePheSer Val Tyr || eVal PheH sMet
838
CysThr Pr oProLeuSer PheSer Val Tyr Thr EndSer Phel | eEnd
872
CysThr Pr oProLeuSer PheSer Val Tyr Thr EndSer Phel | eEnd
(QIAQECCACATTATG 881
CysThr ProProLeuSer PheSer Val AsnThr EndSer Phel | eEnd
(JIACECCACRTTATC 870
TyrAl aThrllelle PhePheSerd uTyr | | eVal PheHi sMet
(JACECCACTRTTATC 887

CysThr ProProLeusSer

PheSer Val AsnThr EndSer Phel | eEnd
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825

844

848

875

852

895

895

864

851

839

873

882

871

888

872

891

898

925

902

(JACECCACORTTAT]
CysThr ProProLeuSer
JACECCACIRTTAT]

Val ArgH sH sTyr

[TTTTTCAGIGAATACATAGI CTTTCATAT GAR:YA!

PheSer Val AsnThr EndSer Phel | eEnd

[TTTTTCAGIGAATACATAGI CTTTCATAT GARSIElt)

LeuPhed nEndl | eH sSerLeuSer Tyrd@ u

910 920 930 940 950

Y P P R P P R P R e
GATGGI TGACCAAATTGI TCTGGGI TTGACATGCT TCGTAAAGCAT CT COeiend
ArgTrpLeuThr LysLeuPheTr pVal EndHi sAl aSer EndSer | | eSer

GATGGI TGACCAAATTGI TCT GGGI TTGACAT GCT TCGTAAAGCAT CT COmey2as

Met Val Aspd nl | eVal Leu LeuThr CysPheVal LysHi sLeu

GATGGI TGACCAAATTGI TCT GGGI TTGACAT GCT TCGTAAAGCAT CT COpelekt

Asp EndPr oAsnCysSer PheAspMet LeuAr gLysAl aSer Pro

EliEeACARGATIR CGOIE [ZNECAL TEGACACARAAIGA 943
Leud uThr LysEnd

Val AspLysl | eThrd ull eThrLeu H's
EUEENCARGATIRCABAAAIIAATGOE . [EZRIEGAL TEGT GRCARAAIGA 943
Val Val Lysl |l eThrd ull eMet Pro H s LeuVal Thr LysEnd

GATGGI TGACCAAATTGI TCT GGGT TTGACATGCT TCGTAAAGCAT CT COmEXEE]

ArgTrpLeuThr LysLeuPheTr pVal EndH sAl aSer EndSer | | eSer

GATGGI TGACCAAATTGI TCT GGGT TTGACATGCT TCGTAAAGCAT CT COmeloly]

ArgTrpLeuThr LysLeuPheTr pVal EndH sAl aSer EndSer | | eSer

GA\TGGT TGACCAAATTGITCTGGGI TTGACATGCT TCGTAAAGCAT CT COpetetss

EndPr oAsnCysSer PheAspMet LeuAr gLysAl aSer Pro

GA\TGGT TGACCAAATTGITCTGGGI TTGACATGCT TCGTAAAGCAT CT COels

Asp EndPr oAsnCysSer PheAspMet LeuAr gLysAl aSer Pro

(8T GGT T GACCAAATT GI TCT GGGT T TGACAT GCTIECGTAAAGCET CTCUJREES!

Al a EndPr oAsnCysSer PheAspMet LeuAr gLysAl aSer Pro

(8T GGT T GACCAAATTGI TCT GGGT T TGACAT GCTIECGTAAAGCET CTCURERAY

Ser Tr pLeuThr LysLeuPheTr pVal EndHi sAl aAl aEndSer Val Ser

(8T GGT TGACCAAATTGI TCT GGG TTGACAT GCTIECGTAAAGCET CTCURCEN

Al a EndPr oAsnCysSer PheAspMet LeuAr gLysAl aSer Pro

(8T GGT T GACCAAATT GI TCT GGGT T TGACAT GCTIECGTAAAGCET CSCCJeFA!

Al a EndPr oAsnCysSer PheAspMet LeuAr gLysAl aSer Pro

(8T GGT T GACCAAATTGI TCT GGGT TTGACAT GCTIECGTAAAGCET CTCOReEA)

LeuVal Aspd nl | eVal Leu LeuThr CysCysVal LysArglLeu

960 970 980 990 1000

A Y Y R Y R Y R R
CTCTTTTCCTGGI GT GTAAACAT CTTCACCCAT CAAGAAAT CCT CAT CATIRSZ: ¥4
LeuPheSer Tr pCysVal Asnl | ePheThr Hi s@ nA ul | eLeul l el l e

CTCTTTTCCTGGI GT GTAAACAT CTTCACCCAT CAAGAAAT CCT CAT CATRe N4

ProLeuPhelLeuVal CysLysHi sLeuH sProSer ArgAsnProH sH s

CTCTTTTCCTGGI GT GTAAACAT CTTCACCCAT CAAGAAAT CCT CAT CATREES!

Ser PhePr o Val EndThr Ser Ser Prol | eLysLysSer Ser Ser
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943

943

914

901

889

923

932

921

938

922

941

948

975

952

986

986

964

951

939

973

982

TTRRT COT AT CeEATIeEe CeORCET TIACAAATIRI TIIAT CACREES]
PheMet Val Met Al aMet Al aAl aArgLeud nlle Tyrdn

TIHaT CCT R TICICATICE T CECRCAT TSASAAE TR THIAT CE el

Ser Met Val Met Val Met Val Al aHi sSerd nvVal  TyrArg

CTCTTTTCCTGGI GT GTAAACAT CTTCACCCAT CAAGAAAT CCT CAT CAT SIS

LeuPheSer Tr pCysVal Asnl | ePheThr Hi s@ nd ul | eLeul l el l e

CTCTTTTCCTGGI GT GTAAACAT CTTCACCCAT CAAGAAAT CCT CAT CATREELL

LeuPheSer Tr pCysVal Asnl | ePheThr Hi sA@ nd ul | eLeul l el l e

CTCTTTTCCTGGI GT GTAAACAT CTTCACCCAT CAAGAAAT CCT CAT CAT LS

Ser PhePr od yVal EndThr Ser Ser Prol | eLysLysSer Ser Ser

CTCTTTTCCTGGI GT GTAAACAT CTTCACCCAT CAAGAAAT CCT CAT CAT N g

Ser PhePr od yVal EndThr Ser Ser Prol | eLysLysSer Ser Ser

CTCTTTTCOAGGT GT GTAGACAT CTTCACCCAT TAAGAAAT CCT e TCATIRCEN!

Ser PhePr od yVal EndThr Ser Ser Prol | eLysLysSer Ser Ser

CTCTTTTCOAGGT GT GTAGACATCTTCACCCATTAAGAAAT CCTCeTCATIREI{

LeuPheSer ArgCysVal Aspl | ePheThr Hi sEndd ul | eLeuVal Il e

CTCTTTTCCAGGT GT GTAGACATCTTCACCCATTAAGAAAT CCTCeTCATIREN

Ser PhePr od yVal EndThr Ser Ser Prol | eLysLysSer Ser Ser

CTCTTTTCOAGGT GT GTAGACATCTTCACCCATTAAGAAAT CCTCETCATIRSIA!

Ser PhePr od yVal EndThr Ser Ser Prol | eLysLysSer Ser Ser

CTCTTTTCOAGGT GT GTAGACATCTTCACCCATTAAGAAAT CCTCeTCATIREELY

ProLeuPhed nVal CysAr gHi sLeuH sProlLeuAr gAsnProArgH s

1010 1020 1030 1040 1050

P I S PSP Pt (Pt PSPt (PP PP (PR
ACAAAGTAT! CATCT GCTTTCATTTAA! CCA 997

TyrLysVal SerLysAsnl | eEndLysAl aPhel | eEndArgThr Arg

CTACAAAGTATCCAAAAACAT CTGAAAAGCT TTCAT TTAACGCACCAIRATRRIpZ!

Leud nSer || ed nLysH sLeuLysSer PheH sLeuThrH s@ nlle

CTACAAAGTATCCAAAAACAT CTGAAAAGCT TTCAT TTAACGCACCAIRATIRI XA

Ser Thr LysTyr ProLysThr Ser G uLysLeuSer PheAsnAl aPr oAsn

ICEAATGACCTRCTACGRACATER - [€TIACACAICESETEARARA 1032

Val G nMet Thr EndEndHi sMet Ser EndHi sMet Al aEndH sLys

GUGEYNTCGACGTAGTIAEACACED - ATHAAACACGETIETEARRCAA 1032

Val G nMet Thr EndEndHi sThr AsnEndH sThr Val EndHi sLys

1013
TyrLysVal SerLysAsnl | eEndLysAl aPhel | eEndArgThr Arg

1000
TyrLysVal Ser LysAsnl | eEndLysAl aPhel | eEndArgThr Arg

CTACAAAGT ATCCAAAAACAT CTGAAAAGCT TTCAT T TAACGCACCAGAT et

Ser Thr LysTyr ProLysThr Ser G uLysLeuSer PheAsnAl aPr oAsp

CTACAAAGT ATCCAAAAACAT CTGAAAAGCT TTCAT T TAACGCACCAGAT ey

Ser Thr LysTyr ProLysThr Ser @ uLysLeuSer PheAsnAl aPr oAsp

CTACAAAGTAT CCAAAAACAT CTGAAAAGCT T TCAT T TAGRGCGOO GASIETIES!
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Ser Thr LysTyr ProLysThr Ser @ uLysLeuSer PheAr gAl aPr oAsp

& CTACAAAGTAT CCAAAAACAT CT GAAAAGCT TTCAT T TAGAGCGC GAlSNKepAs]

TyrLysVal Ser LysAsnl | eEndLysAl aPhel | eEndSer Al aEnd

CI1S I CTACAAAGTAT CCAAAAACAT CT GAAAAGCT TTCAT T TAGAGCGC GAl kT4

Ser Thr LysTyr ProLysThr Ser @ uLysLeuSer PheAr gAl aPr oAsp

&Il CTACAAAGTAT CCAAAAACAT CT GAAAAGCT TTCAT T TAGAGCGCGAlSE e

Ser Thr LysTyr ProLysThr Ser @ uLysLeuSer PheAr gAl aPr oAsp

[N CTACAAAGTAT CCAAAAACAT CT GAAAAGCT TTCAT T TAGAGCGC Al Kz s]

Leud nSer || ed@ nLysH sLeuLysSer PheH sLeud uArgLeuThr

1060 1070 1080 1090 1100

S [ [ [ (S (PP [ (e PSP
ST GATCT TTATACTCTAAAT TCGCCGI TTCTTGT GTCACGCCATGT GT TAARN Kz
Leul | ePhel | eLeuEndl | eAr gAr gPhelLeuCysHi sAl aMet CysEnd

0P T GATCTTTATACTCTAAATTCGCCGI TTCTTGI GICACGCCATGIGT TAARMROZ:

AspLeuTyr Thr LeuAsnSer Pr oPhelLeuVal Ser Ar gHi sVal Leu

Ao [o A T GATCTTTATACTCTAAATTCGCCGI TTCTTGI GI CACGCCATGI GT TAARMRSENN

EndSer LeuTyr Ser LysPheAl aVal Ser CysVal Thr ProCysVal Asn

1033 GARASGEOGARTITAGAGIAT AANEATICAATITIEGT GEE T TRAATIEANRG 1082

LysArgArgl | eEndSer || eLysl | eAsnLeuVal Ar gEndMet Lys

1033 GAGA@GI;A@TAGMATAA({ACCA@CAQ{C{TCTMAEAAQG 1082

ArglLeuArgThr EndAsnl | eAr gThr Ser d nAl aLeuEndMet Lys

IO T GATCTTTATACTCTAAATTCGCCGI TTCTTGI GI CACGCCATGI GT TAARMRS[CX]

Leul | ePhel | eLeuEndl | eAr gAr gPhelLeuCysHi sAl aMet CysEnd

Ao T GATCTTTATACTCTAAATTCGCCGI TTCTTGI GI CACGCCATGI GT TAARNRSETY)

Leul | ePhel | eLeuEndl | eAr gAr gPhelLeuCysHi sAl aMet CysEnd

CEISE T GATCT TTATACT CTAAATTCGCCGI TTCTTGI GT CACGCCATGI GI TAARNT0K]S]

EndSer LeuTyr Ser LysPheAl aVal Ser CysVal Thr ProCysVal Asn

PRI T GATCTTTATACTCTAAATTCGCCGI TTCTTGI GICACGCCATGIGT TAARME#4

EndSer LeuTyr Ser LysPheAl aVal Ser CysVal Thr Pr oc,ysVaI Asn

TP BT CeTCeTT AT AT CTAAE T TCGUAGT e GITGT GT GACROCET GIGI TAMRIEH

TrpSer LeuTyr Ser LysPheAl aVal Ser CysVal Thr Pr ocysVaI Asn

PTG T TAT AYTCTARG T 10GOGIle CTTGI GI CAUROCE TGT G TAAJRLIE

LeuVal Leul | ePheEndVal Ar gCysLeulLeuCysHi sThr Val C\/sEnd

IOl T CeTCo TTATAITCTAAETTCGGT®TCT Gl G CAGROCETGIGI TAMRIE

TrpSer LeuTyr Ser LysPheAl aVal Ser CysVal Thr ProCysVal Asn

T PR T CeTCeTT AT AT CTAAE T TCGUAGTeT GITGT GT CACROCET GIGI TAARIRE!

TrpSer LeuTyr Ser LysPheAl aVal Ser CysVal Thr ProCysVal Asn

TVERT CleTCl TTAT AT CTANE [ TOGORGIIST G TGT G CACROCE TGT Gl TAART

G yProTyr Il eLeuSer Ser G nSer LeuVal Ser H sArgVal Leu

1110 1120 1130 1140 1150
T P PR PR B DR DT P B
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1048 (8] 1092
Leu Met CysTyr TyrVal || eCysThr EndEnd || eCysLysArg
1075 (8] 1119
Thr Hi sVal LeuLeuArgHi sLeuH sLeulle AsnLeuEndThr
1052 (8] 1096
Ser CysAl aThr Thr Ser PheAl aPr oAspLys PheVal AsnVal

T CT T CASAT G TIRIT €A TS [T AR TGATIEACGAT TTISTILEAT CEREER

Al aPhe@ nMet PheLeuAspThr LeuEndMet Met Ar gl | eSer EndTr p

T CT T CACAT G TIRITE e TG 1T JAEA T GAREACGAT T TS TIJAAT GEREER

Al aPheG nMet PheLeuAspThr LeuEndMet Thr Ar gl | eSer EndTr p

1064 (8] 1108
Leu Met CysTyr TyrVal || eCysThr EndEnd || eCysLysArg

SLULEIN CTRRB CAT GT GCTACTAQT CATTTGCACCTGATAA 1095
Leu Met CysTyr Tyr Phel | eCysThr EndEnd || eCysLysArg

1039 1083
Ser CysAl aThr Thr Ser PheAl aPr oAspLys PheVal AsnVal

1073 1117
Ser CysAl aThr Thr Ser PheAl aPr oAspLys PheVal AsnVal

173 I €T GT GLIeACTACGT CAT T TGCACHS GATAARIAR TTGTIEAAT GIIREERD
Ser CysAl aThr Thr Ser PheAl aPr oAspLys LeuVal AsnVal

YA IR T GT CTACTACGT CAT T TGCACHS GATAARIAG TTGTIEAA T GTIRERES
Phe Val CysTyr TyrVal I | eCysThr Argénd Thr Cysd uCys

LI IR CleT GT GCTACTACGT CATTT GCACCSGATAARIA® TTGTIEAATGTJERER
Ser CysAl aThr Thr Ser PheAl aPr oAspLys LeuVal AsnVal

ALY PIR TR CleT GT GCeACTACGT CATTT GCACCRGATAARIARTT GTIEAATGTIRRED
Ser CysAl aThr Thr Ser PheAl aPr oAspLys LeuVal AsnVal

TSI €T G GLIRACTACGI AT TTGCACHRGATAIA

Ile ArgVal ProLeuAr gHi sLeuH sProlle

IEICE 1135

AsnLeuEndMet

1160

S I PR PSP PP P

CE N CCGGOCAT CCCCATRICACCATAAATQ
Al aAl alleAlalle ThrlleAsn
KBV CCGGOCAT CCOCATNCACCATAAATQ

CysG yHi sArgHi s Hi sH sLysSer

WL GCCCGCCAT CGCCATRICACCATAAAT( ATTTTGI CTCCARTCCAT R METe]

ArgProSerPro SerProEndlle Il eLeuSer Pro Ser Met
1133 [ETEAACNIGT TTROXSICRICHRAAEIEEERCAIGAITIASCRAGEIE 1182
Val LysMet PheThr H sG nd uLysArgd uMet LeuTyr @ uAl aCys

1133 [EEZACNIGIS T 0ASASS T COANEREEEIGACL TIASGCAGERE 1162

Val LysMet Ser Thr H sLeud uLysArgQd uThr LeuTyr Al aAl aCys

IO I* I GCGGCCAT CGCCATRCACCATAAATC ATTTTGICTCCAATCCAT R4

Al aAl alleAlalle ThrlleAsn Hi sPheVal Ser AsnPr oCys

il IS GCGGCCAT CGCCATRCACCATAAATC ATTTTGICTCCAATCCAT N}

1170 1180

S I PP PP I
ATTTTGI CTCCAAT CCAT R[]
Hi sPheVal Ser AsnPr oCys

ATTTTGTCTCCARTCCAT ¥

PheCysLeuH s ProCys

1190 1200
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1084

1118

1127

1116

1133

1117

1136

1136

1162

1139

1183

1183

1152

1139

1126

1161

1170

1159

1176

1160

Al aAl all eAl alle Thrll eAsn

GCGGCCATCGCCATRICACCATAAAT(C

ArgProSerPro SerProEndlle
ArgProSerPro SerProEndlle
GCGACCATJACCA ATQ
ArgProSerPro SerProEndlle
CACCATAATC
Al aThrll eThrlle ThrlleAsp
(GCGACCAT OACCATRICACCATAEAT(
ArgProSerPro SerProEndlle
GCGACCATJACCA ATQ
ArgProSerPro SerProEndlle

GOGACCAT JACCATHCACCATAlGAT

CysAspHi sHi sHi s Hi sH sArgSer

1210 1220

Hi sPheVal Ser AsnPr oCys

ATTTTGICTCCA 1126

Il eLeuSer Pro Ser Met

ATTTTGICTCCAATCCAT KR

Il eLeuSerProlleH s

ATTTTGICRCCAATCCAT e

Il eLeuSerProlleH s

ATTTTGT CCOEATCOAT JRREN

Hi sPheVal Thr AspPr oCys

ATTTTGICRCCAAT CCAT CaNNAs

Il eLeuSerProll eH s

ATTTTGICRCCAAT CCAT CENEs]e

Il eLeuSerProlleH s

ATTTTGICRCCAAT CCAT Chirge]

PheCysH sG nSer Met

1230 1240 1250

....|....|....|....|....|....|....|....|....|....|
CAGOGT TATTTCTGT TATCT TGT CCACCATABATGATTTAC 1183

SerVal Il eSerVal | | eLeuSer Thrile MetlleTyr

I\/Et

CAGCGT TATTTCTGI TATCT TGT CCACCATASAT GATTTAG 1209

SerVal Il eSerVal | | eLeuSer Thrile MetlleTyr

Met Q/s

CAGCGTTATTTCTGI TATCTTGT CCACCATASATGATT TAC 1186

G nArgTyr PheCysTyr LeuVal Hi sH s AsnAspLeu Hi sVal Leu

LIE2AACCORGAARAAIIIT G CAZISRR TS T ONFNIER

A AA 1232

G nThr d nAsnAsnLeuVal AsnHi sLeul | eEndLysThr Met Tyr

1A A O | THEE TEAACCACIRATAT A

A AA 1232

G nThr d nAsnAsnLeuVal AsnG@ nLeul | eEndLysThr Met Tyr

CAGCGT TATTTCTGT TATCT TGT OCACCATANAT GATTTAG 1199

SerVal Il eSerVal | | eLeuSer Thrile MetlleTyr

I\/Et

CAGCGT TATTTCTGI TATCT TGT CCACCATASAT GATTTAG 1186

SerVal Il eSerVal | | eLeuSer Thrile MetlleTyr

Met Q/s

CAGCGT TATTTCTGI TATCT TGT CCACCATASAT GATTTAG 1173

G nArgTyr PheCysTyr LeuVal H sH s AsnAspLeu Hi sVal Leu

CAGCGTTATTTCTGI TATCTTGT CCACCATASATGATT TAC 1208

Al aAl aLeuPhelLeulLeuSer CysProProEnd EndPheThr CysVal

(e GOATTATTTCTGI TATCT TGACCACCET AReT|

NS [NECEm 1217

Al aAl aLeuPhelLeulLeuSer EndPr oPr oEnd LeulLeuThr CysVal

CEGORTTAT T TCTGTTATCT TGACCACCETARET

G yllelleSerValllelLeuThr Thr Val

TN/ [NECER 1206

Val I | eAsn Met Arg

CEGCRTTATTTGT GITAT G TGACCACCETARE TIAT TAACHATGSGT TREEE

Al aAl aLeuPhelLeulLeuSer EndPr oPr oEnd LeulLeuThr CysVal

QG TTAT TTCT Gl TAT G TGACCACCETARE AT TRACHATGSGT TRRENY
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Al aAl aLeuPhelLeulLeuSer EndPr oPr oEnd LeulLeuThr CysVal

QG TTAT TTCTGITAT Gl TGACCACCETARE TIAT TRACHATGSGT TIRERE

ArgHi sTyr PheCysTyr LeuAspHi sArg Ser Tyr End Hi sAl aLeu

1179

1260
R P [ e (e (PEPEPae (APt (RPN (PPN IR
ANRZAAT GAGAQAT TGGACTACCAT GGT TAT CGTAAGACT CACGACCAAAT GT XK
EndEndAspTyr Tr pThr Thr Met Val | | eVal ArgLeuThr Thr LysCys

IVALVAAT GAGAQQJAT TGGACTACCAT GGI TATCGT AAGACT CACGACCAAAT GT i wdste]

EndEndAspTyr Tr pThr Thr Met Val | | eVal ArgLeuThr Thr LysCys

KT 4AAT GAGAQIATT GGACTACCAT GGT TAT CGTAAGACT CACGACCAAAT GTJREED
Met Ar gLeuLeuAspTyr Hi sd yTyr ArgLysThr H sAspd nMet
1233 CACTGAN - [EATARRGAEEIGT GEARACERAITCTEEATTCCAA 1279
Thr LeuLysLys I'l eThr Val Val Cysl | eArgl | eLeuAl aPhed n
1233 JACTANMAN- - - [EATARTGHIEECCT AUNVACEAALI TCTEGAATTCCAA 1279
Ser LeuLysLys Il eMet Val Al aTyr 1| eArgll eLeud uPhed n
1200 1249
EndEndAspAsnTr pThr Thr Met Val | | eVal ArgLeuThr Thr LysCys
1187
EndEndAspAsnTr pThr Thr Met Val | | eVal ArgLeuThr Thr LysCys
1174 1223
Met Ar gd nLeuAspTyr Hi sG yTyr ArgLysThr Hi sAspG nMet
1209 1258

Asnd uThr |l ed yLeuProTr pLeuSer EndAspSer Ar gPr oAsnVal

WPIEIAAT GAAACAAT T GGACTACCYT GGT T(€T CATAIIGAIIT CACGACCAAAT GTIRIRLN

Asn@ uThr Il ed yLeuProTr pLeuSer Tyr AspSer Ar gPr oAsnVal

YO AAAT GAAACAAT T GGACTACCYT GGT T(€T CATAIIGAIIT CACGACCAAAT GTIRIRETS

EndEndAsnAsnTr pThr Thr LeuVal Val | | eEndPheThr Thr LysCys

2 \AT GAAACAAT T GGACTACCYT GGT T(€T CATAIIGAIIT CACGACCAAAT GTIRIRXE!

Asn@ uThr |l eG yLeuProTr pLeuSer Tyr AspSer Ar gPr oAsnVal

XIAAT GAAACAAT T GGACTACCYT GGT T T CATAIIGAIIT CACGACCAAAT GTHRIREN

Asn@ uThr Il e yLeuProTr pLeuSer Tyr AspSer Ar gPr oAsnVal

P2y @\ ATGAAACAAT T GGACTACCYT GGT T T CATAIIGAIIT CACGACCAAAT GTHRIRX(S

Met Lysd nLeuAspTyr Leud yCysH sMet | | eH sAspd nMet

1270 1280 1290 1300

1236

1310
T Y Y T I Y Y Y e
VRV SATTTTTGTAGTAATCATATGRETTTGI TTAGCATAATAAT TCGCAT CTACARNWASYI
Il ePheVal Val Il el | eCys LeuPheSerllellelleArglleTyr

AIVIIVATTTTTGIAGTAATCATATGRTTTGITTAGCATAATAAT TCGCAT CTACARMEE{SLS

Il ePheVal Val Il el | eCys LeuPheSerllellelleArglleTyr

IVYEATTTTTGIAGTAATCATATGRTTTGITTAGCATAATAAT TCGCAT CTACARNWASLS

Tyr PheCysSer AsnHi sMet PheVal EndHi sAsnAsnSer Hi sLeuHi s

1320 1330 1340 1350
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1280 [§JAAAGCAGH TJARCHIARRICAAGIRATRCCANNI IAAMISAGAR 1329
Il eLysd nLeul | eThr EndPheLysG nEndG yAsnLeuAsnG nAsn
1280 [§JAAAGCAGH TJARCHIEARICAAGIRATRCCCANNI IAANISAGAR 1329
Il eLysd nLeul | eThr EndPheLysG nEndG yAsnLeuAsnG nAsn
IVLTOMATTTTTGTAGTAATCATATG 1298
Il ePheVal Val Il el | eCys LeuPheSerllellelleArglleTyr
1237 1285
Il ePheVal Val Il el | eCys LeuPheSerllellelleArglleTyr
WYX MATTTTTGITAGTAATCATATG 1272
Tyr PheCysSer AsnHi sMet PheVal EndHi sAsnAsnSer Hi sLeuHi s

IVATRIATTTTTGIAGTAATCATATGRTTTGITTAGCATAATAAT TCGCAT CTACARNR{oN

PheLeuEndEndSer Tyr Val CysLeuAl aEndEndPheAl aSer Thr

(L1 e TOT TTGTAATAAT CATAT CRIT TTGT TTAGCETAATAAT TTGCAT CTACCIEENE]

Ser LeuEndEndSer Tyr Val CysLeuAl aEndEndPheAl aSer Thr

e T(OTTTGTAATAAT CATATCGT TTGI TTAGOETAATAAT TTGCAT CTACERE]S

Val PheVal Il el | el | eCys LeuPheSerVal Il ell eCysl|eTyr

(VA e ToTTTGTANTAATCATATCGET TTGITTAGOETAATAAT TTGCAT CTACERNEYY4

Ser LeuEndEndSer Tyr Val CysLeuAl aEndEndPheAl aSer Thr

(P4t e O TTTGTANTAATCATATGRT TTGI TTAGOETAATAAT TTGCAT CTACERNE]

Ser LeuEndEndSer Tyr Val CysLeuAl aEndEndPheAl aSer Thr

VA a e ToTTTGTANTAATCATATCGETTTGITTAGOETAATAAT TTGCAT CTACEINEYS

CysLeuCysAsnAsnHi sMet PheVal EndAr gAsnAsnLeuH sLeuArg

1257

1360 1370

R T (e e (e (PEPEPare (APt (RPN (PPN IR
iAKW CCAGCACGT TGATCATCTTTGACGAAGI TTTCAT CTTCAT TAGTAATIAAREEY
Thr Ser Thr Leul | el | ePheAspd uVal Phel | ePhel | eSer AsnEnd

AI{I* I CCAGCACGT TGATCATCTTTGACGAAGI TTTCAT CTTCAT TAGTAATIAARELE]

Thr Ser Thr Leul | el | ePheAspd uVal Phel | ePhel | eSer AsnEnd

(LISl CCAGCACGT TAATCATCTTTGACGAAGI TTTCAT CTTCAT TAGTAATIAAREES]

G nHi sVal AspHi sLeuEndAr gSer PheHi sLeuH sEndEndLeu

1380 1390 1400

1330 [@ARATTTAQIASCAACRAIINISECRAIAGITR A TOR 1374
LysPheThr Thr G uH sEndAr gAsnThr End G nVallledn

1330 [@ARATTTAQIASCAACRAIINISECRAIAGITR ACAREIYNITAR 1374
LysPheThr Thr G uH sEndAr gAsnThr End G nVallledn

VAL CCAGCACGI TGCTCATCTTTGACGAAGT TTTCATCT TCAT TAGTAAT CAARMRCERS

Thr Ser Thr LeuLeul | ePheAspd uVal Phel | ePhel | eSer Asnd n

VTS CCAGCACGI TGCTCATCT{®T GACGAAGT TTTCATCT TCAT TAGTAAT CAARMECE]S

Thr Ser Thr LeuLeul | eSer Asp@ uVal Phel | ePhel | eSer Asnd n

IV CCAGCACGI TGCTCATCTTTGACGAAGI TTTCATCT TCATTAGIAAT CAARNRSY-¥4

G nHi sVal Al aHi sLeuEndAr gSer PheHi sLeuH sEndEndSer

IR0 CCAGCACGI TGCTCATCTTTGACGAAGI TTTCATCT TCATTAGIAAT CAARNREYS

Pr oAl aAr gCysSer Ser LeuThr LysPheSer Ser Ser LeuVal | | eAsn

RNV CCAGCACGI TGCTCATCT TTHACGAAGI TTTCATCT TCATTAGIAAT CAARNEINY
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C8 aur A3
& aur A3
HU7 aur A3

J18 aur A3

AGL3 aur Al

H2 aur Al

H6 aur Al
AJ249166 Hu pol |
AJ249168 Hu pol 11
M9 aur A2

H3 aur A2

H21 aur A2

M 26 aur A2

B19 aur A3

C8 aur A3

& aur A3

HU7 aur A3

J18 aur A3

Pr oAl aAr gCysSer Ser PheThr LysPheSer Ser Ser LeuVal | | eAsn

RIS CCAGCACGI TGCTCATCT TTHACGAAGI TTTCATCT TCATTAGIAAT CAARNRSETS)

Al aSer Thr LeuLeul | ePheTyr @ uVal Phel | ePhel | eSer Asnd n

YR CCAGCACGI TGCTCATCTTTHACGAAGI TTTCATCTTCATTAGIAAT CAARNRS I #4

Pr oAl aAr gCysSer Ser PheThr LysPheSer Ser Ser LeuVal | | eAsn

URCIOVAR CCAGCACGI TGCTCATCT TTHACGAAGI TTTCATCT TCATTAGIAAT CAARNEETY)

Pr oAl aAr gCysSer Ser PheThr LysPheSer Ser Ser LeuVal | | eAsn

YIS CCAGCACGI TGCTCATCT TTRACGAAGI TTTCATCT TCATTAGIAAT CAARMRS I

G nHi sVal Al aHi sLeu Tyr d uVal Phel | ePhel | eSer Asnd@ n

1410
R Y T Y Y Y O Y e
(KK T GT€GCTTGACCTGI T (e TTAAAACT GTAT GCTGATAAT T TACCEE KR
CysArgLeuThr CysLeu |l e Val LysSer Val CysEndEndPheThr

L WT GT@GCT TGACCTGI T [CETTAAAAIIT GTAT GCT GATAAT T TACRENS

CysArgLeuThr CysLeu Il e Val Lysl | eVal CysEndEndPheThr

1336 [E1CES] O TTAAANIT GTATGCT GATARTTTACIEEGH

Met Ser Leu Thr CysLeu |l e Val Lysl| eVal CysEndTyr LeuPro
1375 AAC]TEAAAGA A TRJSARCCAESARACERIATA 1424
Thr Ser Lysl | eVal LysMet H sTyr Thr LysArgLeuLysl | eTyr
1375 AAC]TEAAAGA A TRJSARCCAESARACERIATA 1424
Thr Ser Lysl | eVal LysMet H sTyr Thr LysArgLeuLysl | eTyr

W GTTGCT TGACCTGI T [CATTAAAAIIT GTATGCTGATAAT T TACIIELTS

CysCysLeuThr CysLeu Il e IleLyslleVal CyseEndEndPheThr

KT GT TGCT TGACCTGI T [CATTAAAAIITGTAT GCTGATAAT TTACCIREES]

CysCysLeuThr CysLeu Il e IleLyslleVal CyseEndEndPheThr

P2 lT GT TGCT TGACCTGI T [CATTAAAAIITGTAT GCT GAT AT T TACCIREIE!

Met LeuLeuAspLeuPhe Asp H sEndAsnCysMet Leul | e PheThr

L IT GTTGCT TGACCTGI T [CATTAAAAIITGTATGCTGATAAT TTACCREN

Val Al aEndProVal End SerlLeuLysLeuTyr Al aAspAsnLeuPro

Y AT GT TGCT TGACCTGI T [CATTAANECT AINATGCTGATAAT T TACCIREAE

Val Al aEndProVal End SerlLeulLyslLeuAsnAl aAspAsnLeuPro

LI T GT TGCT TGACCTGI T [CATTAAAECTAINAT GCT GATAAT T TACCIRE!

CysCysLeuThr CysLeu Il e Il eLysAl aLysCysEndEndPheThr

R4 WT GT TGCT TGACCTGI T [CATTAANECT AITAT GCTGATAAT T TACCIRERAY

Val Al aEndProVal End SerlLeuLyslLeuAsnAl aAspAsnLeuPro

LY AT GT TGCT TGACCTGI T [CATTAAAECTAINAT GCTGATAAT T TACCIELE

Val Al aEndProVal End SerlLeulLysLeuAsnAl aAspAsnLeuPro

RY4JT GT TGCTTGACCT GT TTHGATIICAT TAAAe CTARAT GCT GATAAT T TACOIRERX]

CysCyslLeuThr CysPheAsp Hi sEndSer EndMet Leul | el | eTyr

1420 1430 1440 1450

1460 1470 1480 1490
N PR PR PR D DR DT PR
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AGL3 aur Al R LI T THGAT GOGTSAAAT OB T CTAARGT AAAT CCACCAT CA 1417

Leu Met Argd nll e LeuEndThrLysSer Thrll e

H2 aur Al LY AT TRGAT GCGTSAAAT CeRT( 1424
Leu Met ArgG@nlle Leu
H6 aur Al I T THGAT GOGI@AAAT (@@ TCTAAICTAAATCCACCAT( 1418

EndCysVal LysSer LeuEndThr LysSer Thrll e

AJ249166 Hu pol | 1425 [ [EAEAECANECAGIGAARAGE TG RO GEMAENIE 1469

Met  Thr Ser Lysd nLeuAsnLysTyr Met LysHi sG yThr Lys

AJ249168 Hu pol Il 1425 [J - EAdEAECANACACHIGAAINETIGTNIGAACONCEMATENNe]] 1469

Met  Thr SerLysd nLeuAsnAr gCysMet LysHi sG yMet Lys

M9 aur A2 ARSI T T TGATGCGI TAAATCTRTCTAGCCTA 1422

PheAspAl aLeuAsnLeu LeuG y
H3 aur A2 1384 GATGCGI TAAAT CTRIT CTAGGCTAAAT CCACCET( 1419
Leu Met ArgEndl | e PheEndAl aLysSer Thr Val

H21 aur A2 1370 il ENESEYNS SISy YNC S GIEYATACTAT 1413

Leu Met ArgEndl | e PheEndAl aLysSer Thr Val AsnThr
M 26 aur A2 1406 1426
LeuMet ArgEndl | e Phe
B19 aur A3 1415 1427
EndCysVal Lys
C8 aur A3 1404 GATGCGT TAAATCT T{®IpAeC 1425
Leu Met ArgEndl | ePheEnd
@ aur A3 1421 i ENIEs 1427
EndCys
HU7 aur A3 XL T TRGAT GCGT TAAATCT Tied) 1423
EndCysVal LysSer Ser
J18 aur A3 1424 mRieAy 1429
LeuEnd

Fig. 37: Multiple sequence alignment obur gene sequences of present study with reference seqaes of NCBI database.

Table 34: Codon-based Test of Neutrality for multipe alignment analysis between sequences of presstudy with reference sequences of NCBI database.

# ME: Z-Test of Neutral Evolution (C:\Users\SANDEE~1\AppData\Local\Temp\PhyloAnalysis-1.meg)
File Display Caption Help

NIRRT IERERIRAEIE:
1 2 3 4 5 6 7/ 8 9 10 11 12 13 14

1. AG13aur Al - -1.845 -2.405 -1.845 -2.290 -2,936 -6.088 -2.290 -2.290 -4.197 -4.156 -4.203 -4.235 -4.017
2. AHU2 aur A1 0.068 -3.012 0.000 -2.919 -2.584 -6.209 -2.919 -2.919 -4.196 -4.207 -4.253 -4.285 -4.067
3. AHU3 aur A2 0.018 0.003 -3.012 -0.692 -3.726 -5.152 -0.692 -0.692 -3.345 -3,223 -3.272 -3.438 -3.077
4. AHU6 aur Al 0.068 1.000 0.003 -2.919 -2.584 -6.204 -2.919 -2.919 -4.196 -4.207 -4.253 -4.285 -4.067
5. AHU21 aur A2 0.024 0.004 0.4591 0.004 -3,669 -5.090 0.000 0.000 -3.255 -3.131 -3.181 -3.348 -2.984
6. AJ249166 hupolI  0.004 0.011 0,000 0.011 0.000 4,137 -3.669 -3.669 -5,592 -5.469 -5.540 -5.592 -5.387
7. AJ249168 hupol I 0.000 0.000 0.000 0.000 0.000 0.000 -5.090 -5,090 -2.251 -2,123 -1.969 -2.251 -2.050
8. AMtO aur A2 0.024 0.004 0.451 0.004 1.000 0.000 0.000 0.000 -3.255 -3.131 -3.181 -3.348 -2.984
9, AMt26 aur A2 0.024 0.004 0.451 0.004 1.000 0.000 0.000 1.000 -3.255 -3.131 -3.181 -3.348 -2.984
10. B19 aur A3 0.000 0.000 0,001 0.000 0.001 0,000 0.025 0.001 0.001 -1.093 -1.029 1.416 -1.376

11. CE aur A3 0000 0000 0002 0000 0002 0000 003 0002 0002 0.275 40?2 -1.39 0.120



D. Immune evasion §pa-X, spa-1gG, chp and scn gene)
Staphylococcus aurelgecretes various proteins that can significanifypsess the innate and adaptive immune systentStaphylococcal protein A (SpaA),

Staphylococcal complement inhibitor (SCIN) and Chtaris inhibitory protein oS5. aureugCHIPS) encoded bgpa, scrandchp gene, respectively. Thapagene is
composed of two distinct regions: 1gG, Fc bindiegion §pa-IlgG and X region gpa-X at C terminus, required for cell wall attachmant impairs opsonisation by
serum complement and phagocytosis by leukocytekasl also been proved that more than seven reipetdis X-region tended to be epidemic or moreleintiwhile
the presence of less than seven repeats is a mder@p or less virulent. SCIN is a C3 convertadalitor, inhibit complement activation and CHIPSshahibition
effect on neutrophils activation.

Out of the 157 isolates immune invasion gewsap,andscngenes were detected in 114 (72.6%) and 40 (2548te)tes, with single amplicon of 404bp (Fig. 39)
and 320bp (Fig. 24) respectively. In the presemgstigationscngene was detected in multiplex PCR witfB andsak Most animal isolates were found to be negative
for chpgene except horse, pig, camel, dog and cattlatessl Similarly, most of animal isolates were nggdbr scngene while most of human and meat piece isolates

were positive for botlshpandscngenes as mentioned in table 35.

Table 35: Detection of Immune evasion factor ass@ted genes amoné. aureus isolates.

Immune evasion associated genes (%)
S. No. Sl‘,’slglgfe"f Tofzég?e' of chp (404bp) scn(320bp)

P N P N
1. Human 35 31 (88.6) 4 (1134) 26 (74.3) 9 (25.7)
2. Meat piece 20 16 (80.0) 4 (20.0) 4 (20.0) 16080
3. Horse 3 2 (66.7) 1(33.3) 0 (0.0) 3(100.0)
4. Pig 2 2 (100.0) 0 (0.0) 0 (0.0) 2 (100.0)
5. Camel 8 8 (100.0) 0 (0.0) 0 (0.0) 8 (100.0)
6. Dog 6 5 (83.3) 1(16.7) 2 (3313) 4 (66.7)
7. Sheep 6 2 (33.3) 4 (66.7) 0 (0.0) 6 (100.0)
8. Buffalo 21 10 (47.6) 11 (52.3) 3 (14%3) 18 (85.7)
9. Goat 28 13 (46.4) 15 (52.6) 2 (71) 26 (92.9)
10. Cattle 28 25 (89.3) 3(10.7) 3(107) 25 (89.3)
Total 157 114 (72.6) 43 (27.4) 40 (25.5) 117 (74.5)
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Abbreviations:- P- Positive, N- Negative

Superscript:- a- Human origin isolates negativecfgpandscngene respectively (H14, H21, H28, H46 and
H10, H11, H15, H28, H31, K421, H44, H48), b- animal origin isolates pogtierscn
gene (D9, D10, B39, B42, BABG13, AG15, C29, C37 and C43)

Similar to our results, Sunet al. (2008) compared 56. aureugsolates from infection in cows, horses, goatsgph@nd a camel with 161 hum&n aureus
isolates from healthy carriers and community aeglinfections in the UK for genes carried on molg#aetic elements (MGESs) suchstmandchp Thescnandchp
gene was found in 154 (96 %) and 134 (83%) of huisalates and 12 (21 %) and 8 (14 %) of animaliorigplates, respectively. Interestingly, such geoarried on
mobile genetic elements (MGESs) were less commamimalS. aureussolates.

Similar to our result, Ikawatet al. (2010) also reported very low prevalencesoh gene among animal isolates as they reported tiigtane isolate was
positive for bothscn and chgenes from 76 bovine mastitis isolates. Verldilal. (2011) also reported that 90% human isolatesathsin andchp genes while only
34% animal isolates were positive for both gensf@l human and 77 animal isolates. van Waehel. (2006) also reported high prevalencesofi(85.7%) gene while
comparatively low prevalence ohp gene (56.6%) among human clinical isolates. Goetedt. (2014) studied 13 isolates and reported threatsslwere positive for
scnand one isolate was found to be positivectyp gene from faecal carriage of wild small mammals.

Similar to present study, Puaetal. (2015) reported 42.85% isolates to be positivechgrgene and 28.57% positive fecngene in 21 isolates of mastitic milk
of cows.

In the present study,100% isolates were found tpdsitive forspa-lgGgene with three polymorphic (600bp, 750bp and §b@and patterns (Fig. 40). Out of
total 157 isolates, 144 (91.7%) isolates were p@sivith 950bp, nine (5.7%) isolates (H1, H12, HH31,B21, B34, B43, B46 and AG13) with 650bp andrf(2.5%)
isolate (Hrs4, G10, G16 and G47) with 600bp amplisize. Meat piece, pig, camel, dog, sheep antecatre positive with only single band pattern (930while
human, buffalo and horse isolates were showed &l lpatterns.e. 750bp and 950bp and 600bp and 950bp, respectivelygoat isolates were showed three band
patterns (600bp, 750bp and 950bp) as mentioneabla 86.
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Table 36: Detection ofspa-Ig gene (Immune evasion) variability amonds. aureusisolates in the present study.

S. Source of Spa-lgGgene Isolate ID No. of Total No.
No. Isolates amplicon isolates | of Isolates
1 Human 750bp H1, H12, H13 and H41 4 35
950bp H2, H3, H4, H5, H6, H7, H8, H9, H10, H11, HI45, H16, H21, | 31
H22, H24, H25, H27, H28, H29, H30, H31, H33, H387HH39,
H40, H44, H45, H46 and H48
2 Meat 950bp Mtl, Mt2, Mt3, Mt4, Mt9, Mt10, Mt11, P, Mt13, Mt14, Mt15, 20 20
Mt19, Mt20, Mt22, Mt24, Mt25, Mt26, Mt27, Mt28 aridt31
3 Horse 600bp Hrs4 1 3
950bp Hrsl and Hrs3 2
4 Pig 950bp Pg2 and Pg4 2 2
5 Camel 950bp J2, 33,34, J9, J10, J14, J15 and J18 8 8
6 Dog 950bp D4, D6, D7, D9, D10 and D13 6 6
7 Sheep 950bp SV2, SV3, SV4, SN3, SN4 and SN14 6 6
8 Buffalo 750bp B21, B34, B43 and B46 4 21
950bp B1, B5, B10, B19, B23, B24, B26, B27, B289BR30, B31, B36, | 17
B39, B42, B55 and B57
9 Goat 600bp G10, G16 and G47 3 28
750bp AG6 1
950bp AG5, AG8, AG10, AG13, AG15, AG17, G1, G2, GB, G11, 24
G21, G24, G29, G35, G37, G39, G40, G41, G43, G456, G49
and G55
10 Cattle 950bp C2, C2R, C3R, C5R, C7, C8, C9, C12, C13, C15, C17, C20, | 28 28
C22, C23, C26, C29, C34, C36, C37, C39, C40, C4B, C46,
C47, C50 and C52
Total No. of Isolates 157 157

In genes associated with immune invasigpa-Xgene was detected in 100% isolates with nine pofphic bands ranging from 150bp (4 repeats) to a4
repeats), which included one isolate of the 15@vp, of 170bp, five of 180bp, 15 of 200bp, 53 of BpOnine of 280bp, 56 of 300bp, 15 of 350bp and ieakate of
380bp as mentioned in table 38 (Fig. 41). pa-Xgene amplification was found to be suitable fatdte differentiation with good discriminatory indgalue (D.l.
=0.7407).

Of the 157 isolates, 134 (85.3%) isolates weretesivith more than 7 repeats while only 23 (14.686)ates were positive with less than seven repgatone
isolate (B57) with four repeats, two isolate (M&rid B39) with five repeats and 20 isolates werdtipeswith six repeats (table 38). Maximum variasoin regards to
amplicon sizes and number of repeats were recondewiffalo and goat isolates while less variatiamse found in dog, human and camel as mention&alite 37.

On the basis of discriminatory index vakga-X gene amplification (D.l.- 0.7407) is a more sugamethod to differentiate variouds. aureusisolates in
comparison taoagene PCR amplification (D.l.- 0.7353) ledaa-RFLP method (D.1.-0.9301) is more precise and gmedhod to differentiate different strains $f
aureusin comparison ofep-PCR method (D.1.-0.8892) amga-Xtyping (D.l.- 0.7407).

Similar to present study, many researchers repsizedand repeats variability #pa-Xandspa-lgGregion of protein A gene. Annemullet al (1999) obtained
amplified spa-Xgene fragments of 120, 150, 170, 250 and 300bp eeltulated number of repeats of 3, 4, 5, 8 andrd€pectively and fospa-lgGgene obtained
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products of 620bp for 20 of the isolates and 28@bfour isolates from bovine mastitis samplesp&tnet al (2001) recordedpa-Xregion amplicons of 100, 200, 280
and 300bp with repeats of 2, 6, 10 and 11, respgtand similar to present studpa- IgGwith 920bp amplicon size for most of the isolatdslevthree isolates were
positive with 750bp from bovine mastitis sampleslaSiaet al (2004) reported immense variationspa-Xgene with amplicon sizes 100, 150, 200, 230, 280, 270,
290, 320 and 340bp asga-lgGwith two band patterns such as most of isolath @@0bp while three isolate with 780bp amplicon agibovine mastitis samples.

Indrajulianto (2000) reported polymorphismsgfagene from human and bovine isolates with a sizE6f 150, 200, 250, 280, 300 and 330bp correspgrtdi
3, 4,6, 8,9, 10 and 11 number of repeats, reispéct Similar to this study, it was also recordddt most of the human isolates were longer thasettirom bovine
isolates.

In agreement to our results, Reinadaoal. (2008) reportedpa-lgGwith 900bp size for 42 isolates and 700bp amplisiae for three isolates and spa-X with
typical size polymorphisms ranging from 100 to 31%8-10 repeats) from 45 isolates of humans, bosutlinical mastitis and food samples while Mongaal.
(2010) reported 80.2% isolates were positivesfeai-lgGwith single amplicon of 920bp and only 25.5% ise¢awere positive fospa-Xgene with single amplicon of
320bp without any polymorphism from 86 bovine misthilk isolates.

Our finding were close to those of Karahgtnal (2011) who reported two polymorphic band pattemspa-IgGgene where 72.8% isolates with 920bp and
27.2% isolates with 750bp amplicon size were oletirsimilarly polymorphic patterns were also reedrdor spa-X gene i.e. 110, 140, 170, 190, 220, 240, 290
and 320 bp with 3, 4, 5, 6, 7, 8, 9, 10 and 11 atpaits, respectively from 92 isolates from sulicil mastitis affected bovines. In the study byhdavat (2013), the
variable amplicon sizes of 200, 240, 250, 290, 32, 330, 350, 380, 400 and 650 with calculatesbar of repeats of 7, 9, 9, 11, 11, 12, 12, 13,154,and 26,
respectively for X-regiospagene inS. aureussolates from caprine mastitic milk isolates wexeorded.

Singhet al (2011) carried out thepatyping of S. aureussolates from intra-mammary infections of cattie duffalo. They recorded 3-12 repeats, the most
common number of repeat was eight (57.9%) in Sdhbatlle and seven (53.2%) in Murrah buffalo. Weoabbserved similar results for cattle isolatedhwmitost
common repeats of eight (53.5%) whereas in buffallates we observed that most common number ebtepas eleven (47.1%).

The present study suggested that there was greabiity in studied source db. aureussolates in regards gpatyping. Similar results were recorded by many
workers (Langet al,, 1999; Stephaaet al, 2001; Khichaet al, 2012 and Yadast al, 2015c¢) and used this typing to study the epidtrgioal spread of the isolates.

In the present study 134 isolates out of 157 werssidered to be pathogenic since they possesseasith@r seven repeats. This is based on reportseimayet
al. (1996) who suggested that the isolates possessirenr more tandem repeats are pathogenic isofateshe other hand, no correlation was reporteddsn
tandem repeats and pathogenicity of the isolatddashewet al (2004) from humans; Kuzn&t al (2005) and Jakubczadt al (2007) in isolates from mastitc cows and
Kurlendaet al (2010) in human isolates.

This study further extend tpa-Xgene sequence analysis, to find variations irtioglgo source of isolation, amplicon size, numbgtrepeats and virulence
propertied ofS. aureussolates.

Table 37: Detection ofspa-X gene (Immune evasion) variability amonds. aureus isolates in the present study.

S. No. Source of isolates spa-X amplicon size No. of repeats Isolate 1D No. of isolates Total no. of Isolates
200bp 6 H46 and H30 2
250bp 8 H1, H2, H7, H8, H9, H12, H16, H24, H27, HR83, H44 and H45 13
1. Human 280bp 10 H5, H6, H10, H11, H14 and H21 6 35
300bp 11 H4, H15 and H41 3
350bp 13 H3, H13, H22, H25, H28, H31, H34, H37, H380 and H48 11
2. Meat piece 170bp 5 Mt15 1 20
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200bp 6 Mt28 1
250bp 8 Mt3, Mt4 and Mt9 3
Mt1, Mt2, Mt10, Mt11, Mt12, Mt13, Mt14, Mt19, Mt22Mt24, Mt25, Mt26,
300bp 11 Mt27 and Mt31 14
350bp 13 Mt20 1
Horse 250bp 8 Hrsl 1 3
300bp 11 Hrs3 and Hrs4 2
4. Pig 300bp 11 Pg2 and Pg4 2 2
180bp 6 J2 1
5. Camel 250bp 8 J15 1 8
300bp 11 J3, J4, J9, J10, J14 and J18 6
250bp 8 D4, D7, D9 and D10 4
6. Dog 300bp 11 D13 1 6
350bp 13 D6 1
7 Sheep 200bp 6 SV2, SV3, SV4 and SN14 4 6
250bp 8 SN3 and SN4 2
150bp 4 B57 1
170bp 5 B39 1
180bp 6 B26 and B28 2
200bp 6 B27 and B42 2
8. Buffalo 250bp 8 B1, B5, B29 and B55 4 21
280bp 10 B10 1
10
300bp 11 B19, B21, B23, B24, B30, B31, B34, B363B#Ad B46
180bp 6 G29 1
200bp 6 AG10 and G16 2
250bp 8 G2, G9, G10, G11, G35, G40, G41, G43, G45GH5 10
9. Goat 280bp 10 G46 1 28
300bp 11 AG5, AG6, AG8, AG17, G1, G7, G21, G24, (3339, G47 and G49 12
350bp 13 AG15 1
380bp 14 AG13 1
180bp 6 C46 1
200bp 6 C2, C3R, C7 and C26 4
250bp 8 C2R C13, C15, C20, C22, C23, C29, C34, C36, C39, Ca0, C47, C50 and 15
10. Cattle C52 28
280bp 10 C12 1
300bp 11 C5R, C8, C9, C11, C41 and C43 6
350bp 13 C17 1
Total No. of Isolates 157 157

Table 38: Staphylococcus aureus typing on the basis of overall distribution ofspa- X gene patterns among isolates in the present study.
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Isolate I.D.

S. No. spa-X amplicon Size No. of repeats No. of Isolates Significance
1. 150bp 4 B57 1
2. 170bp 5 Mtl5, B39 2 Strains with seven or less than sever
3. 180bp 6 J2, B26, B28, G29 and C46 5 repeats consider as non-virulent strairls
4. 200bp 6 H46, H30, Mt28, SV2, SV3, SV4, SN14, B242BAG10, G16, C2, C3R, C7 and C26 15

H1, H2, H7, H8, H9, H12, H16, H24, H27, H29, H33141H45, Mt3, Mt4, Mt9, Hrsl, J15, D4, D7,
5. 250bp 8 D9, D10, SN3, SN4, B1, B5, B29, B55, G2, G9, G101(3G35, G40, G41, G43, G45, G55, C2R ClLEH3
C15, C20, C22, C23, C29, C34, C36, C37, C39, C40, C50 and C52

6. 280bp 10 H5, H6, H10, H11, H14, H21, B10, G46 ad@ C 9

H4, H15, H41, Mt1, Mt2, Mt10, Mt11, Mt12, Mt13, M41 Mt19, Mt22, Mt24, Mt25, Mt26, Mt27,

Mt31, Hrs3, Hrs4, Pg2, Pg4, J3, J4, J9, J10, 184,013, B19, B21, B23, B24, B30, B31, B34, B36 Strains having more than seven repeas

£ 300bp 1 B43, B46, AG5, AG6, AG8, AGL7, G1, G7, G21, G2475839, G47, G49, C5R, C8, C9, C11, c4f °° would be consider as more virulent
strains
and C43
8. 350bp 13 H3, H13, H22, H25, H28, H31, H34, H37, H380, H48, Mt20, D6, AG15 and C17 15
9. 380bp 14 AG13 1
Total No. of Isolates 157

spa-X gene sequence analysis

For sequence analysis, 8fa-Xgene positive isolates from various sources ardiffefrent amplicon sizes were got sequenicedhe isolate H21 (280bp), H30
(200bp), H41 (300bp) and H48 (350) were includednfhuman, Mt9 (250bp), Mt15 (170bp) and Mt20 (350fbpm meat piece, Hrs3 (300bp) from horse, J2 6p30
J9 (300bp), and J15 (250bp) from camel, D6 (35@tph dog, B1 (250bp), B34 (300bp) and B39 (170Wpyt buffalo, AG13 (380bp), G1 (300bp), G2 (250bpil a
G29 (180bp) from goat and C17 (350bp), C26 (20068% (250bp) and C41 (300bp) isolates were inclddmd cattle isolates. First of all the sequencesenBLAST
at NCBI (ttp://blast.ncbi.nim.nih.gov/Blast.ggind confirmed aspa-Xgene sequences 8f aureustrains.

In sequence analysis of above 23 representatilegeso only 37 nucleotide from 245 nucleotide posito 350 nucleotide position were found to beilgirmn
all studied sequences (Fig. 42). Hence, massivatiars were detected at from one position to 3#had position among all studied sequences inresults. Large
overhanging flanks and big gap were found at sigdind end sides among sequences indicates mtgssarepeats in sequences according to their bayutismaller
amplicon sizes. One big insertion of 24bp was olexkbetween 192 and 216 nucleotide position in B8&te and other big insertion of 24bp was detkirtdbetween
264 and 288 nucleotide position in the G29 isolakes 24bp insertion of different nucleotide seqeeemdicate one different repeat in correspondetwence.
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C17 350bp
C26 200bp
C34 250bp
C41 300bp
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Fig. 42: The sequence analysiga-X gene obtained from present study.

On analysis of codon based test of neutrality, nobsipa-Xsequences were significantlg<Q.05) different from each other with some of noigngicantly
(p>0.05) associated sequences as mentioned in tableh8%nalysis involved 23 nucleotide sequencdg@sitions containing gaps and missing data windreated.
There were a total of 18 positions in the finaladsét. Evolutionary analyses were conducted in M&Géftware. Phylogenetic tree analysisp@-Xgene sequences of
this study revealed five separate clusters amargjest sequences, first cluster included 12 isolasesely H48, Mt9, H21, AG13, H30, Mt15, G1, Hrs320, J2, B34
and H41 with 0.0101 scaled distance, second clustlrding eight isolates namely B39, C17, C41, 826, C34, D6 and J9 with 0.0555 scaled distanb@&dTfourth
and fifth each cluster included single isolate nign@2, J15 and G29 with 0.1089, 0.1844 and 0.22h%ed distances, respectively as depicting in &gLB.

Table 39: Codon-based Test of Neutrality for analyis betweenspa-X sequences of present study.

W& M6: Z-Test of Neutral Evolution (C:\Users\SANDEE~1\AppData\Local\Temp\PhyloAnalysis-1.meg)
File Display Caption Help

Ao gl 2 &« ~ 8

1 2 3 o 5 ] 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23
1. AG13 380bp - 1739 0015 0721 0.059 179 .79 L799 L1799 -0.301 -2.855 -0.562 1451 1013 0.015 1451 1451 0.307 L799 -2.657 1451 1013 1451
2. B1250bp 0.075 1517 1798 -L044 0.000 0.000 0.000 0.000 0.981 -2.051 -0.034 2386 2105 1517 238 2386 1230 0.000 -1.992 2,386 2105 2.386
3. B34 300bp 0.988 0.132 0,467 038 1517 1517 1517 1517 .26 -2.751 -0.500 0.015 0.307 0000 0.015 0581 2.389 1517 -1.9%% 0.015 0.307 0.581
4. B39 170bp 0.472 0075 0.641 0082 1./ 1./9 1.7/m8 1798 0.239 -1.808 -0.081 1318 1030 047 1318 1318 0.23% L.7/8 -1..827 1318 1030 1318
5. C17 350bp 0.955 0.298 0700 0.935 -L044 -1.044 -1.044 -1..044 -0.303 -2570 -0.034 0481 0219 0386 0481 0.481 0.160 -L.0%4 -2.572 0.481 0.219 0.981
6. C26 200bp 0.075 1000 0.132 0.075 0.298 0.000 0.000 0.000 0.481 -2.051 -0.034 238 2105 1517 238 2.386 1.250 0.000 -1.992 2.386 2.105 2.386
7. C34 250bp 0.075 1000 0.132 0.075 0.298 1.000 0.000 0.000 0.481 -2.051 -0.034 238 2105 1517 238 2386 1250 0.000 -1.992 2.386 2.105 2.386
8. C41 300bp 0.075 1000 0.132 0075 0.298 1000 1.000 0.000 0.481 -2.051 -0.03¢ 2386 2105 1517 2386 238 1.250 0.000 -1.992 2.386 2.105 2.386
9. D6 350bp 0.075 1000 0.132 0.075 0.295 1.000 1000 1.000 0.481 -2.051 -0.03¢ 238 2105 1517 238 2386 125 0.000 -1.992 2.386 2.105 2.386
10, G1 300bp 0.764 0631 0837 0.815 0.762 0.631 0.631 0.631 0.631 -1.968 -1.025 0.301 0.015 0206 0.301 -1.039 -0.953 0.461 -1.955 -0.301 0.649 -1.039
11 G2 250bp 0.005 0042 0.007 0073 0.011 0.042 0.0492 0.042 0.042 0.051 -1.061 -2.442 -3.074 -2751 -2442 -2.492 -2.557 -2.051 -1.084 -2.442 -2.644 -2.4%2
12.G2130bp 0.575 0973 0618 0567 0973 0973 0973 0.973 0.973 0.307 0.291 £0.562 0.381 0.500 0.562 40.562 0.672 €0.034 -1..142 0.562 -0.381 -0.562
13.H212806F 0.19%9 0019 098 0,190 0631 0019 0019 0.019 0.019 0.769 0.01& 0.575 1800 0.015 0.000 1451 0.307 2.386 -2.651 0.000 1.800 1.451
14.H30 200bp 0.313 0.037 0759 0.305 0.827 0.037 0.037 0.037 0.037 0.988 0.003 0.704 0.074 0,307 1800 1800 0.581 2.105 -2.852 1.B00 1.451 1800
15.H41300bp 0.988 0.132 1000 064L 0700 0.132 0.132 0.132 0.132 0.837 0.007 0618 0988 0.759 0.015 0.581 2.389 1.517 -1.944 0.015 0.307 0.581
16.H48350bp 0.1%9 0.019 0988 0.190 0631 0019 0019 0.019 0.019 0.764 0.016 0.575 1000 0.074 0.988 1451 0.307 2.386 -2.651 0.000 1.800 1.451
17.Hrs3300bp 0.1%9 0.019 0563 0190 0631 0019 0019 0.019 0.019 0.301 0.016 0575 0.1%9 0074 053 0.19 -0.301 2.386 -2.467 L1451 1013 0.000
18. J2 180bp 0.75%9 0.214 0.018 0815 0873 0214 0214 0.214 0.214 0.343 0012 0.503 0759 0.3 0018 0759 0.764 1250 -1.601 0.307 0.015 -0.301
19, 19 300bp 0.075 1000 0132 0075 029 1000 1000 1.000 1000 0.631 0,042 0973 0019 0037 0132 0019 0019 0214 -1.992 2.386 2105 2.386
20.]15250bp 0.009 0049 0054 0070 0.011 0.049 0.099 0.049 0.049 0.053 0.281 0.25% 0.009 0005 005% 0.009 0.015 0.112 0.049 -2.651 -2.657 -2.967
2L.MI250bp 0.199 0.019 0988 0190 0631 0019 0.019 0.019 0.019 0.784 0.016 0.575 1000 0074 0985 1000 0.199 0.759 0.019 0.009 1.800 1.451
22, Mt15 170bp 0.313 0.037 0759 0,305 0.827 0.037 0.037 0.037 0.037 0.518 0.009 0.704 0.074 0.149 0759 0.074 0.313 0.988 0.037 0.009 0.074 1.013

23.Mt20350bp 0.1%9 0019 053 0190 0631 0019 0019 0019 0019 0301 0016 0575 0199 0074 053 0.199 1000 0.764 0.019 0.015 0.148 0.313

Ihe probability of rejecting the null hypothesis of strict-neutrality (dy, = d;) (below diagonal) is shown. Values of P less than 0.05 are considered significant at the
5% level and are yellow highlighted. The test statistic (dy - dg) 15 shown above the dizgonal. dg and dy are the numbers of synonymous and nansynonymeus
suostitutions per site. respectively, Analyvses wete conducted tsing (he Nel-Gojoburi netiod The analysis uvelved 23 nucleotide sequences. All positors
containing gaps and r:ssing dafa were eliminated. There vwere a total of I8 positions in the fina’ dataset. Evolutionary analyses were conducted in MNLEGAS.

Multiple sequence alignment of present study secggmwas conducted with reference sequences of M&fabase to find similarities and variations betwee
our sequences and reference NCBI sequences. Bguutpose, four different sequences of NCBI datalksash as Sequence ID- EF094513 401bp from hunaoad!
isolate of Australia, Sequence ID- FJ785819 (Pore¢ral.,2012) 213bp from pig strain of Spain, SequenceHBDR215122 (Unpublished) 421bp from small ruminants
strain of Spain and Sequence ID- KJO00057 (Alrastti@l.,2013) 298bp from human clinical isolate of Saudaldia were chosen according to source of isolaith
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geographic variations to compare existed variatiwith our findings. The multiple sequence alignmehfall sequences revealed massive variations amtigged
sequences, only 39 nucleotide positions were cdsiglsimilar from one to 490 aligned length. Lameerhanging flanks, big insertions among sequeandsbig gap
were found at starting, in between and at end sitlesng sequences indicates many variations and ardess repeats in sequences according to thggebiand
smaller amplicon sizes. Multiple sequence alignnefrgequences suggested to determine spa typegggmesent study sequence so that it will be passibldecide
that theseSpa-Xgene variations are newer or existed in a date. bas

The statistic for codon-based test of neutralityvMeen sequences conductexd the probability of rejecting the null hypothesfsstrict-neutrality ¢ = ds (where
ds and ¢ are the number of synonymous and nonsynonymoustitulons per site, respectively). Both signifitgp<0.05) and non-significanip$0.05) associations
were found among aligned sequences as mention€dhile 40. The analysis involved 27 nucleotide sageg. All positions containing gaps and missing degre
eliminated. There were a total of 16 positionsha final data set. Evolutionary analyses were cotetlin MEGAG.

Phylogenetic tree analysis of multiple aligpa-Xgene sequences revealed similar five separateedusmong our sequences and NCBI data base sequédhc
four data base sequence were classified into sitigkder, which was the first cluster as describadier other four clusters existed similarly andrensignificantly
(p<0.05) far from database sequence as depictedurefigp.

These substantial variation among present studyesegs and multiple aliggpa-Xgene sequences suggested spatXgene is an important candidate to study
variations amon¢. aureussolates and to see their virulence property.
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VAN AAACCT GGCAAAGAAGAIIGGCAACAAACCT GGTAAAGAAGACAACAAAATIIK]
Met Al aThr AsnLeuVal LysLysThr Thr Lys
1 1
VAN AAACCT GGCAAAGAAGACGGCAACAAECCT GGTAAAGAAGACAACAACATIK]
210 220 230 240 250
R NN R FEUT YRS FUUT PR FEE PR P
164 IAACCTGEOAAA AIIGGCAACAARCCT GGTAAAGARAXN
AsnLeuAl aLysLysMet Al aThr AsnLeuVal Lys
70 70
95 [A€CCTGGTAAAGAAG 110
ST T TACAT G CGT TEACCT GGTIEAIAA CSHEEOMER 137
Met Ser LeuThr Tr pEndEnd Pro G ndu
102 AACCT GGTAAAGAAGACANACAANAAICCT GGTAAAGARN K]

Thr Tr pEndAr gAr g4 nG nLysThr Tr pEndAr g
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C26 200bp 93 93

C34 250bp 91 91
C41 300bp 91 AACCTGGTAAAGAAQG 106
D6 350bp 92 AACCTGGTAAAGAAQG 107
EF094513 401bp Hu A li. AUS 195 A€CCTIACOAAAGAAGACGCECAACAAGCCT GGTAAAGARVAY
Ser LeuAl aLysLysThr Al aThr Ser LeuVal Lys
FJ785819 213 pig spain 91 [AACCT GGTAAAGAAQ 106
AsnLeuVal AsnLys
Gl 300bp 92 92
& 250bp 68 68
&9 180bp 96 96
H30 200bp 93 93
H41 300bp 94 [A€CCTGGTAAAGAAG 109
H48 350bp 95 [A€CCT GGOAAAGAAGACGCCAACAAGCCT GGTAAAGAINKEY
Ser LeuAl aLysLysThr Al aThr Ser LeuVal Lys
HW15122 421bp Small Rumi. Spa 187 A€CCT GGTAAAGAAGACGGCAACAAGCCT GGTAAAGARVPZ!
Hrs3 300bp 121 121
J2 180bp 22 22
J9 300bp 92 AACCTGGTAAAGAAQG 107
J15 250bp 67 67
KJ000057 298bp Hu cac. S. Arab 98 [AACCT GERAAAGAA I GGCAACAAGUCT GAeAMGAIIEE
Met Al aThr Ser LeuAl aLys
M9 250bp 93 ACCCT CERAAAGAAG 108
Ser LeuAl aLysLys
M 15 170bp 1 1
M 20 350bp 93 93
260 270 280 290 300
e ]
AGL3 380bp pAsy A GAIIGGCAACA AGCCT GGTAAAGAACIVZ44
LysMet Al aThr Ser LeuVal LysLys
B1 250bp 70 AGCCTGGTAAAGAACE]S)
B34 300bp 110 - [SEEON®] RASSIEEIENE 134
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B39 170bp

Cl7 350bp

C26 200bp

C34 250bp

C41 300bp

D6 350bp

EF094513 401bp Hu Cdli. AUS
FJ785819 213 pig spain

Gl 300bp

G2 250bp

&9 180bp

H30 200bp

H41 300bp

H48 350bp

HWV215122 421bp Smal|l Rumi . Spa
Hr s3 300bp

J2 180bp

J9 300bp

J15 250bp

KJ000057 298bp Hu cac. S. Arab
M9 250bp

M 15 170bp

M 20 350bp

AGL3 380bp

138 [ITRSCAZMA

Tyr Hi sLys
140 QTESAASIUAL
Il eG nd nLys
93
91

106 EEANSIIAT

107 AQ AAMA

AACCT GGTAAAGAACIESK]
LysPro Lysd u
IANNCCT GGTAAAGAACIS

Thr Tr pEndAr gAr g

AACCT GGTAAAGAACKIWL]

IAIACCTGGTAAAGAACEIS
AACCT GGTAAAGAAIINEIS]

IAIACCT GGTAAAGAACINESE

pAK A GALIIGGCAACAAACCT GGTAAAGAAGACGGCAACAAGCCT GGTAAAGAACIVAYS

LysMet Al aThr AsnLeuVal LysLysThr Al aThr Ser LeuVal LysLys

LY CANA
Thr Thr Lys

92

68

96

93

109 - [EEEOMIe]

IAIACCT GGTAAAGAACINELY
AsnLeuVal LysLys
AGCCTGGTAAAGAACKEI

AGCCT GGTAAAGAACK:K]
Ser LeuVal LysLys

FECCT GGTARAGANNEERY
[ASSTEE Ve 108
[ASSTEE Ve 133

WA GAIJGGCAACAAACCT GGTAAAGAAGACGGCAACUAGCCT GGTAAAGAACKEE: VA

LysMet Al aThr AsnLeuVal LysLysThr Al aThr Ser LeuVal LysLys

Py 1A GACGGCAACAAE CCT GGTAAAGAAGACGGCAACAAGCCT GGTAAAGAA I

121
22
107 - MSAASIEAT

67

136
LysThr Al aThr
108 A A
Thr Al aThr
1

93

T
208 [TEESNS

Met Al aThr

AGCCT GGTAAAGAAGCINETY)
HESSHEE e 37
ANCCT GGTAAAGAACKEES!
AGCCT GGTAAAGAATARE:YA
[eejpivivielvie 161
(€ejpvavaeivie 132
[eepivivielvie 11
[eejpavavie’iviie 108

320 330 340 350

AAACCT GGTAAAGAAGACIAK]

AsnLeuVal LysLysThr
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Bl 250bp
B34 300bp
B39 170bp
Cl7 350bp
C26 200bp
C34 250bp
C41 300bp

D6 350bp

EF094513 401bp Hu Cli.

FJ785819 213 pig spain
Gl 300bp
G2 250bp
G29 180bp
H30 200bp
H41 300bp

H48 350bp

HWR15122 421bp Snall Rumi .

Hr s3 300bp

J2 180bp

J9 300bp

J15 250bp

KJ000057 298bp Hu cac.
M9 250bp

M 15 170bp

M 20 350bp

I A
135 [EANEA
164 AN

AspAsnLys

166 MEANRIIA

dndn

100 MSANSA

107 e AA

131 MEANEA
132 /Ne AA

283 [TEESS
Met Al aThr
131 [T(EEN
Met Al aThr

108

84 LTEEOE
Met Al aThr

ACCTGGTAAAGAA( T 111
ISSEE IENES 160
ivieejeeipivivielviele 189

LysPro Lysd uAsp
AAACCT GGTAAAGAAGAIIECKS
LysThr Tr pEndAr gAr g

pCCTGOTAM G CARERY
T 132
T 156
T 157
6 308
AsnlLeuVal LysLysThr

[AACCCTGGTAAAGAAGAIIINEETS
Ser LeuVal LysLysMet

ARECCT T AM GAARACRER
AAACCT GGTAAAGAAIRACEIL]

AsnLeuVal LysLysThr

AN AN GIAACGGGGTACAT GTCGT TAAACCT GGT{€AACCT GGTAAAGAAGACIEGHH

Met Val Thr
109 g
Met Al aThr

134 MEAEA

183 [T[CETMe
Met Al aThr

275 [SEEOS
137
A CGGOAAG
132 [SANEEA

83 [AESNG
Thr Al aThr
162 [TEESNS
Met Al aThr
EENAIGCCAAC
Met Al aThr

12 ESAAEES
100 [EEETIS

Tyr Met Ser LeuAsnLeuVal AsnLeuVal LysLysThr

AAACCT GGTAAAGAAGACENEEZ

AsnLeuVal LysLysThr

AAACCTGRAAGAJRES
AAACCT GGTAAAGAAGACEPASL]

AsnlLeuVal LysLysThr

aaaeeeeyvvie’vier® 300
IAAlCCCT GGTAAAGAAGACIEY
[AACCCT GGTAAAGAAGACHE]
AAACCT GGTAAAGAAGAIIN Y
Vet
MICEECESTMTA/AS 108

Thr ArgVal LysLysThr
AAACCT GGTAAAGAAGACINEYS

AsnlLeuVal LysLysThr

YYYeeceyyYeVelle 158
AsnLeuVal LysLysThr

ANECCT GGTAAAGAAGACKEKY
AN€CCT GGTAAAGAAGACIREZS
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AGL3 380bp
B1 250bp
B34 300bp
B39 170bp
Cl7 350bp

200bp

250bp

300bp

D6 350bp

EF094513 401bp Hu Cli. AUS
FJ785819 213 pig spain

Gl 300bp

&2 250bp

G29 180bp

H30 200bp

H41 300bp

H48 350bp

HV215122 421bp Smal |l Rumi . Spa
Hr s3 300bp

J2 180bp

J9 300bp

J15 250bp

KJ000057 298bp Hu cac. S. Arab

M9 250bp

360
] ]
PVl CCCAACAAGCCT GGTAAAG

Al aThr Ser LeuVal Lys

370
..

380 390

1 EREE FUURY PSS PUTTS FITRY
[AAGAJIGGCAACAAACCT GGTAAAGAAGARETIN)

LysMet Al aThr AsnLeuVal LysLys

400

SEP I CCAACAAGCCT ClleAAA RIAACACIACAARAAACCT GGTAAAGAA AR
Al aThr Ser LeuAl aLys LysThr Thr LysAsnLeuVal LysLys

ST IVVACAACAAGCCT GGTAAA RRIAAGACGGCAACAAACCT e AAAGAAGARPI

N CCCAACAIGOCT GLeAAA RRIAAGAIRCEARYIAACCT CGTAAAGAA GRS

AsnMet Pr o Lys d uAspAsnd uEndPr o Lysd u

L3 CCCAACAAGCCT CaleliAA RRIAACACIACEARIAAACT GGTAAAGAAGARPEE
Trpd nd nAl aTr pLeuAr g ArgG nArgLysThr Tr pEndAr gAr g

LI CGOAACAAGCCT ClsAAA A CAACAATIAAACCT GGTAAAGAM GRS
Al aThr Ser LeuAl aLys LysThr Thr LysAsnLeuVal LysLys

SEEICOCAACAAGCCT GUeAAAG 179
Al aThr Ser LeuAl aLys LysThr Thr LysAsnLeuVal LysLys

SV CGOAACAAGCCT GlleAAA IRIAACACICAALTAAACCT GGTAAAGAAGARIIE
Al aThr Ser LeuAl aLys LysThr Thr LysAsnLeuVal LysLys

W1l GGCAACAAGCCT GEOAAAG AAGACYACAANAAACCT GGTAAAGAAGARA
Al aThr Ser LeuAl aLys LysThr Thr LysAsnLeuVal LysLys

309 AARCCT GITAAA R AAGAJIGJIAS EeOIENER 355
Al aThr AsnLeuVal Lys LysMet Val Thr AsnLeuAl aLysLys

SV CCCAACAAGCCT GGTAAA RRIAAGAIIGGCAACAAACCT GGTAAAGAAGARPIE
Al aThr Ser LeuVal Lys LysMet Al aThr AsnLeuVal LysLys

134 180

110 ANACGGCAACAIICT GGTIANIANIARIET:
Al aThr Ser LeuVal Lys LysThr Al aThr Ser LeuVal AsnLys

162 [€ETYe GGI(e1} AAA GLeA CCT GGT{eAAGAATI ARV
Al aThr AspLeuVal Ser LeuAsnLeuVal Thr Tr pEndAr gLys

135 AA ANECCT CGTAAAGAMGAIRES)
Al aThr Ser LeuVal Lys LysMet Al aThr Ser LeuVal LysLys

STV CAACAAGCCT GGTAAA CRRIAAGACGGCAACAAACCT s AAAGAAGARRID

e GGCANCANICCTGGTAAA SR A G AN EECIIENED 255
Al aThr AsnLeuVal Lys LysMet Val Thr AsnLeuAl aLysLys

I GCCAACAARCCT s AAA CRRIAA GAJIGGCAACANE CCT CGTAAAGAA G
Met Al aThr Ser LeuVal LysLys

ST GGCAACAARCCT GGTAAAG 207

RV CAA CAATICCT CLSAAAG 110

S I GGCAACAAGOCT GAeAA CRRIIAA GACIACAARAAACCT GT AAAGAAGARRAVE]
Al aThr Ser LeuAl aLys LysThr Thr LysAsnLeuVal LysLys

109 AAATSERAAA CGCCAACEAEICE JIEIAA AN AR
Al aThr Ser ArgVal Lys LysThr Al aThr Ser ProCysLysLys

188 AACCT GGTAAAG AIGAA CEOMVIENER 234
Al aThr AsnLeuVal Lys LysMet Val Thr AsnLeuAl aLysLys

159 AIGAS CeAAACAAGAIRI

Al aThr AsnLeuVal Lys LysMet Val Thr AsnLeuAl aLysLys
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M 15 170bp

M 20 350bp

AGL3 380bp

Bl 250bp

B34 300bp

B39 170bp

C17 350bp

C26 200bp

C34 250bp

C41 300bp

D6 350bp

EF094513 401bp Hu dIli. AUS
FJ785819 213 pig spain
GL 300bp

@ 250bp

&9 180bp

H30 200bp

H41 300bp

H48 350bp

HWV215122 421bp Smal|l Rumi . Spa
Hr s3 300bp

J2 180bp

J9 300bp

J15 250bp

T GGCAACAAGCCT GGTAAAGIBIAAGACGGCAACAAACCT GGTAAAGAA AR
kI I GGCAACAAROCT GGTAAAGRBBIAA GACGGCACAAACCT GGTAAAGAAGARREEN)

410 420 430 440 450
R REUE RFEE R R P R PP PP
{0}l CCOCAACGGAIRTACAT GTCGT THIEA 324
Thr Al aThr @ uTyr Met Ser Leu
159 190
Thr Al aThr G uTyr Met Ser Leu AsnLeuVal
207 207
235 235
25 CI CGCCAACCGAGTACAT GT CGT TIEAM 264
Ar gG nArgSer Thr CysAr génd
182 214
Thr Al aThr G uTyr Met Ser Leu AsnLeuVal
180 AAACCTGGTG 211
Thr Al aThr @ uTyr Met Ser Leu AsnLeuVal
2V Ol eACCGAITACAT G CG ] 235
Thr Argl | eThr CysArg EndThr Tr pEnd
205 AAACCTCGTG 236

Thr Al aThr @ uTyr Met Ser Leu AsnLeuVal

KL CGGCAACGGEGTACAT GT CGT TAAACCT GGT GATACAGT AAAT GACHEEIIPIII

Thr Al aThr Tyr Met Ser Leu AsnLeuVal | | eG nEndMet

204 213

Thr Al aThr
SRS CGCCAACGGAIITACAT GT CGI TIAAACCT GGTG 212
Met Ser Leu AsnlLeuVal
ST Ce Cielfe GGAGTACAT G CGT THAAACCT GGT GATHEIF 194
Thr Al aTr pd uTyr Met Ser Leu AsnlLeuVal | | eVal

P M e eIl e el GCAGTACAT GT CGT TRAAACCT GGT G 239

ProTrpTrpSer Thr CysArg EndThr Trp

kE:7 3 CGGCAACGGAGTACAT GTCGT TIIAAACCT GGTG 213

Thr Al aThr @ uTyr Met Ser Leu AsnLeuVal

2L CGCCAACGCAITACAT G CGT TRAAACCT GGG 238

Met Ser Leu AsnLeuVal
256 AAACCT 283
Thr Al aThr Tyr Met SerLeu Asn
348 396
Thr Al aThr G uTyr Met Ser Leu AsnLeuVal | | eG nEndMet Thr Leu

207 207
111 AAACCTGGTG 142
Met Ser Leu AsnlLeuVal
205 237
Thr Al aThr @ uTyr Met Ser LeuLysPr o
LN e el el GAGTACAT GT CGI TAAACCT GGT G 187

Thr EndG uTyr Met Ser Leu AsnLeuVal
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KJ000057 298bp Hu cac. S. Arab
M9 250bp
M 15 170bp

M 20 350bp

AGL3 380bp
Bl 250bp
B34 300bp
B39 170bp
C17 350bp
C26 200bp
C34 250bp
C41 300bp

D6 350bp

EF094513 401bp Hu dIli. AUS
FJ785819 213 pig spain

GL 300bp

@2 250bp

&9 180bp

H30 200bp

H41 300bp

H48 350bp

HWV215122 421bp Smal|l Rumi . Spa
Hr s3 300bp

J2 180bp

7K1l CGGCAACGREGT ACAT GT CGT TRIAAACCT GGT GATACAGT AAAT GACAT TIEEE,

Thr Al aThr Tyr Met Ser Leu AsnLeuVal | | eG nEndMet Thr Leu
pAo[- I CGCCEACCGEGTACAT GTCGT TAAAACCT GGTG 238

Thr Al aThr Tyr Met Ser LeuLysPro
IS CGGCAACGGAGTACAT GI CGT! 106

Met Ser
S CCCCAACGGART ACAT GT CGATIIAAA G 212
Met Ser |l e AsnLeuVa
460 470
e N R N
324 324
190 190
207 207
235 235
264 264
214 214
211 211
235 235
236 236
401 401
213 213
212 212
194 194
239 239
213 213
238 238
283 283
397 [eevvvieevvieeceo ey ejeeje 421
G nLysd@ nThr Al aLeulLeulLeu

207 207
142 142
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J9 300bp 237 237

J15 250bp 187 187

KJ000057 298bp Hu cac. S. Arab 284 298
@ nLys@ nThr

M 9 250bp 238 238

M 15 170bp 106 106

M 20 350bp 212 212

Fig. 44: Multiple sequence alignment ofpa-Xgene sequences of present study with reference seques of NCBI database.

Table 40: Codon-based Test of Neutrality for multiple alignmat analysis between sequences of present study witiference sequences of NCBI database.

& MB: Z-Test of Neutral Evolution (C:\Users\SANDEE~1\AppData\Local Temp\PhyloAnalysis-1.meg) - a >
File Display Caption Help

1 2 3 4 5 5 7 [} L] 0 1 12 13 4 15 % 17 8 1® H 21 2 B M B B
1. AG13 330bp I o703 0634 0766 0.106 003 003 0937 0703 1443 L443 024 -L928 0.925 1010 0634 L443 1786 2085 0.634 0703 -2067 L#3 1443 0989 2085
2.B1 2500p 0.483 0.472 1444 -1.033 0.000 0,000 1010 0.000 1162 0.6498 -0.776 -1.884 -0.515 0.937 0.472 1162 0.045 -0.222 0.472 0.000 -1.816 1162 1162 0.000 -0.222
3. B34 300bp 0.527 0.637 0.061 0.201 0.472 0.472 0.695 0.472 0.634 1591 -0.320 -.479 -0.211 0.417 0.000 0.634 0.421 0.272 0053 0.472 -1.163 0.634 0.634 0.604 0.272
4. B39 170bp 0.445 0.151 0.951 0.306 1444 144 L787 1444 1234 L172 0.721 -1.816 0.578 1.004 0.061 1234 0.007 0.167 0.061 1444 -2.007 1234 1234 0.042 -0.167
5. C17 350bp 0.916 0.304 0.841 0.760 1.033 -1.033 -0.667 -1.033 0.295 -0.155 -1.242 -2.315 -0.515 0.098 -0.201 0.295 0.667 -0.776 -0.201 -1.033 -2.254 0.295 0.295 -0.695 -0.776
6. C26 200bp 0.483 1.000 0.637 0.151 0.304 0.000 1.010 0.000 1.162 0.648 -0.776 -1.884 -0.515 0.937 0.472 1.162 0.045 -0.222 0.472 0.000 -1.816 1162 1.162 0.000 -0.222
7. C34 250bp 0.483 1.000 0.637 0.151 0.304 1.000 1010 0.000 1.162 0.648 -0.77%6 -1.884 -0.515 0.937 0.472 1162 -0.045 -0.222 0472 0000 -1.816 1.162 1.162 0.000 -0.222
8. C41 3000p 0.351 0.314 0.488 0.076 0.506 0.314 0.314 1010 1379 0878 -0.574 -1.713 0.107 1162 0.695 1L379 0.191 0.000 0695 1010 -.229 1379 137 0287 0.000
9.06 350bp 0.483 1000 0637 0151 0.304 L000 1000 0.314 1162 0.648 0.776 -1884 0515 0937 0472 1162 0.045 -0.222 0472 0000 -L816 L162 1162 0.000 0.222
10. EF094513 401bp Hu OB, AUS 0.152 0.248 0527 020 0768 0.248 0.248 0.170 0.248 2083 0244 -1551 0.925 1785 0.634 0.000 1785 2085 0.634 1162 2057 0.000 0.000 1532 2085
11. F1785819 213 pig spain 0.152 0.518 0.114 0.243 0.874 0.518 0.518 0.382 0.518 0.039 0.201 -1.595 -0.647 1.785 1.581 2.083 2354 2.084 1162 0648 -1.699 2083 2.083 0.945 2.084
12. G1300bp 0807 0.43 079 0.472 0217 043 0439 0.567 0.439 0807 0541 ‘1012 0.894 0507 -0.320 0.244 0.000 -1031 -L169 0.7 -1942 0.244 0.244 0.925 -1.031
13. G2 250bp 0.0% 0.062 0.142 0072 0022 0062 0.062 0.088 0062 0.123 0.113 0314 444 -L737 -1479 -LSS1 1322 -1466 -1776 -1884 -1.023 -LSS1 -LSS1 -L585 -1466
14. G29 180bp 0.357 0.608 0.833 0.565 0.608 0.608 0.608 0.915 0.608 0.357 0.519 0.373 0.151 €0.7%0 0.211 0.925 0.686 0.442 0.726 0.515 0.690 0.925 0.925 0.244 V.42
15. H30 200bp 0.315 0.351 0.678 0.317 0.922 0.351 0.351 0.248 0.351 0.077 0.077 0.613 0.085 0.455 0.417 L785 2084 2357 0.417 0937 -L907 L1785 L1785 L269 2.357
16. H41 300bp 0.527 0.637 1000 0.951 0.841 0.637 0.637 0.488 0.637 0.527 0.114 0.750 0.142 0.833 0.678 0.634 0.421 0.272 0.053 0.472 -L163 0.634 0.63¢ 0.604 0.272
17. H48 350bp 0.152 0.248 0527 020 0758 0.248 0.248 0.170 0.248 1000 003 0807 0.123 0.357 0.077 0.527 178 2085 0634 1162 -2057 0.000 0000 1532 2.085
18, HM215122 421bp SmalRumi. Spain 0.077 0.964 0.674 0.994 0.506 0.964 0964 0.4 0964 0.077 0020 1000 0.189 0.494 003 0674 0077 1787 0.000 0.045 -2114 1786 1786 055 1787
19, Hrs3 300bp 003 0825 073 0868 0439 0825 0825 1000 0825 0039 003 0.305 0.145 0659 0020 078 003 0.07% 0661 0222 2364 2085 2085 0.3 0000
20,12 180bp 0.527 0.637 0958 0951 0841 0637 0637 0.488 0637 0.527 024 0.245 0078 0.469 0678 0958 0527 1000 0510 0472 1856 0.634 0634 0.729 0.661
21, J9 300bp 0.483 1.000 0.637 0.151 0.304 1000 1.000 0.314 1.000 0.298 0.518 0.439 0.062 0608 0.351 0.637 0.298 0.969 0.825 0.637 -L816 L1162 1162 0.000 0.222
22. )15 250bp 0.041 0.072 0.247 0.047 0.026 0.072 0.072 0.221 0.072 0.042 0.092 0.054 0.308 0.523 0.059 0.247 0.042 0.037 0020 0066 0.072 -2.057 -2.057 -L942 -2.364
23. KJD0D0S7 298bp Hu cac. S. Arab 0.152 0.248 0.527 0.220 0.768 0.248 0.248 0.170 0.248 1000 0.039 0.807 0.123 0.357 0.077 0.527 1.000 0.077 0.039 0.527 0.248 0.042 0.000 1532 2.085
24. MtS 250bp 0.152 0.248 0.527 0.220 0.768 0.248 0.243 0.170 0.248 1.000 0.039 0.807 0.123 0.357 0.077 0.527 1.000 0.077 0.039 0.527 0.243 0.042 1.000 1.532 2.085
25. Mt15 170bp 0.325 1.000 0.547 0.967 0.488 1.000 1000 0.775 1.000 0.128 0.347 0.357 0.116 0.808 0.207 0.547 0.128 0.57% 0.778 0.467 1000 0.05¢ 0.128 0.128 -0.283
26, Mt20 35060 0039 0825 078 0868 0.439 0825 0825 L000 0825 0.039 0039 0.305 0.145 0659 002 078 003 007 1000 050 0825 002 0039 003 077

The probability of rejecting the null hypothesis of strict-neutrality (dy = dg) (below diagonal) is shown. Values of P less than 0.05 are considered significant at the
3% level and are yellow highlighted. The test statistic (dy; - dg) is shown above the diagonal dg and dy are the nnnbers of synonyvinous and nonsynonymous
substitutions per sile, respeetively. Analyses were condueted using the Nei-Gojobori method. The analysis involved 27 nucleotide sequences. All positions
containing eaps and missing data were eliminated. There were a total of 16 positions in the final dataset. Fvolutionary analyses were conducted in MEGAG

E. Plasminogen activator/ Staphylokinasesgk gene)

The staphylokinase (SAK) is a one of the importeotnplement inhibitory and enterotoxins proteinsapBy/lokinase not only functions to prevent host
bactericidal activities but also has role in adiiwa of host plasminogen thus known as plasminaagivator. Expression of staphylokinase governedhieysakgene.
Therefore, it is important to character@eaureussolates in regards gakgene from various sources.

Out of 157 isolates, 79 (50.3%) isolates were fotmbe positive foisak gene with single amplicon of 403bp (Fig. 24). Mosthe human (80.0%) and all
(100.0%) meat piece isolates were positive whilstod animal origin isolates were negative $akgene as mentioned in Table 41.
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The present study supported earlier reports by masgarchers who also observed that veterinarngceswommonly lacked SAK production asakgene was
less common in animal origin isolates while majoof human disease associated isolates carriedyéms (Jiret al., 2003; Sunget al, 2008; Stastkovat al, 2011;
Gomezet al, 2014; Sarroet al, 2015).

Similar to our results, Monecleat al. (2007) reported 89.1% isolates with@atk gene from 128 bovine mastitis isolates. Sehgl. (2008) also observed that
134 (83%) human and 11 (20 %) animal isolates wesdive forsakgene. Similarly, Ikawatgt al. (2010) reported that only one isolate was fountegositive for

sakgenes from 76 isolates of bovine mastitis.
Our results are in complete agreement to thosdasti®vaet al. (2011) who reported that 100% isolates positivestikgene from retail meat products from

year 2005 to 2008. Contrary to our results, Cahwl. (2013) reported none of the human and animal roiigplate positive fosak gene while Sarroet al. (2015)
reported that all livestock associated isolatesewmgative while three isolates from human origearenmpositive foisakgenes from nine livestock-associated and eight

human isolates, respectively.

Table 41: Detection of Staphylokinase factor ass@tied gene amongp. aureus isolates.

Plasminogen activator associated gene (%)
S. No. Source of Isolate Total No. of isolate sak(403bp)

P N
1. Human 35 28 (80.0) 7 (20.0)
2. Meat piece 20 20 (100.0) 0 (0.0)
3. Horse 3 2 (66.7) 1(33.3)
4. Pig 2 1 (50.0) 1 (50.0)
5. Camel 8 2 (25.0) 6 (75.0)
6. Dog 6 3 (50.0) 3 (50.0)
7. Sheep 6 1(16.7) 5(83.3)
8. Buffalo 21 9 (42.9) 12 (57.1)
9. Goat 28 8 (28.6) 20 (71.4)
10. Cattle 28 5(17.9) 23(82.1)
Total 157 79 (50.3) 78 (49.7)
Abbreviations:- P- Positive, N- Negative
Superscript:- a- Human origin isolates negativesikgene (H5, H7, H14, H16,

H22, H25 and H44)

sak gene sequence analysis
The ninesak gene positive isolate from this study, namely H21 and H37 from human, Mt28 from meat piece, Dnfrdog, SN4 from sheep, B34 from

buffalo, G24 from goat and C29 from cattle wereuseged. First of all the sequences were BLAST aBNG@ttp://blast.ncbi.nlm.nih.gov/Blast.ggand confirmed as
sakgene sequences 8f aureustrains.

The sequence analysis sdik gene revealed that total 21 nucleotide variatiovere observed isak gene sequences of present study. The sequen&Ssof
(buffalo) and D4 (dog) were found more closer impare to others. However, these two sequences §B84D4) were carried most of variations from otsteidied
sequences, only one nucleotide variation adeniplaced by guanine at 9aligned nucleotide position was found in H21 ar@7Hiuman isolate. In analysis, it was
found that, B34 isolate carried A, G, T, C, C, @ & while all other sequences carried G, A, G, Bn@l two gaps at 657", 58", 59", 64", 81" and 104 nucleotide
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positions respectively. The D4 isolate carried Garifi C while all others carried two gaps and T74t 48" and 49 nucleotide positions respectively. Fourleutide
positions (¥, 34", 35" and 48) were found variable in B34 (A, C, T and G) iselab4 (T, C, C and A) isolate and all other (T afidd two gaps) isolates respectively.
Some other gaps and insertions with nucleotideatians were found from nucleotide position at 38B@5 as depicting in figure 46.

B34 sak
C29 sak
D4 sak
&4 sak
H2 sak
H21 sak
H37 sak
M 28 sak
SN4 sak

B34 sak
C29 sak
D4 sak

&4 sak
H2 sak

H21 sak
H37 sak
M 28 sak
SN4 sak

B34 sak
C29 sak
D4 sak
&4 sak
H2 sak
H21 sak
H37 sak
M 28 sak
SN4 sak

92
94

10 20 30 40
N T P P T O P P

nyﬂTATTTTGAMIJVMJMXIIIIJATTTIGNKIJAAATe e
AGTTATTTTGAACCAACAGGCCCGTAT T[@CGAT GGTAAATRGT(®
T

OIeNeNal

GCTATCCCCTCATTATGIG
GCTATCCCCTCATTATGIG
GCTATCCCCTCATTATGIG
GCTATCCCCTCATTATGIG
GCTATCCCCTCETTATGIC
GCTATCCCCTCETTATGIC
GCTATCCCCTCATTATGIG
GCTATCCCCTCATTATGI G
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144
142
144
141
144
140
141
140
142



B34 sak
C29 sak
D4 sak
&4 sak
H2 sak
H21 sak
H37 sak
M 28 sak
SN4 sak

B34 sak
C29 sak
D4 sak
&4 sak
H2 sak
H21 sak
H37 sak
M 28 sak
SN4 sak

B34 sak
C29 sak
D4 sak
&4 sak
H2 sak
H21 sak
H37 sak
M 28 sak
SN4 sak

B34 sak
C29 sak
D4 sak
&4 sak
H2 sak
H21 sak

IACT AT GI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGT ARezs
ICIACT AT GI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGT ApReY:
ISEACT AT GT CGAAT GCGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGT ARe
Iy ACTAT GI CGAAT GCGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGT Aiek
IACT AT GI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGT AgRezs
N RRACT AT GI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGT AgRele)
I YARACT AT GI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGT AgRel]
I YRACT AT GI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGT ARele)
ICIACT AT GI CGAAT GCGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGT Ae

210 220 230 240 250
I e e e e e e

195 AGATCCAAGCGCAAAGAT CGAAGTCACT TATTATGATAAGAARPIW
R GT T GAAT TAGAT CCAAGOGCAAAGAT CGAAGT CACTTATTATGATAA
Rl GT T GAAT TAGAT CCAAGOGCAAAGAT CGAAGT CACTTATTAT GATAAGAARREY
Pl GT T GAAT TAGAT CCAAGCGCAAAGAT CGAAGT CACTTATTAT GATAAGAARPY L
Ml GT T GAAT TAGAT CCAAGOGCAAAGAT CGAAGT CACTTATTAT GATAAGAARREY
Rl GT T GAAT TAGAT CCAAGOGCAAAGAT CGAAGT CACTTATTAT GATAAGAARREN)
Pl GT T GAAT TAGAT CCAAGOGCAAAGAT CGAAGT CACTTATTAT GATAAGAARPYHE
R E M GT T GAAT TAGAT CCAAGOGCAAAGAT CGAAGT CACTTATTAT GATAAGAARRETY
R GT T GAAT TAGAT CCAAGCGCAAAGAT CGAAGT CACTTATTAT GATAAGAARRY Y

260 270 280 290 300
S T P P P P e P e e
TAAGAAAAAAGAAGAAACGAAGT CTT TCCCTATAACAGAAAAAGGT TTT R
TAAGAAAAAAGAAGAAACGAAGT CTTTCCCTATAACAGAAAAAGGTTTTRE
TAAGAAAAAAGAAGAAACGAAGT CTTTCCCTATAACAGAAAAAGGTTTT T
TAAGAAAAAAGAAGAAACGAAGT CTTTCCCTATAACAGAAAAAGGTTTTREH
TAAGAAAAAAGAAGAAACGAAGT CTTTCCCTATAACAGAAAAAGGTTTTR
TAAGAAAAAAGAAGAAACGAAGT CTTTCCCTATAACAGAAAAAGGTTTTRRY
TAAGAAAAAAGAAGAAACGAAGT CTTTCCCTATAACAGAAAAAGGTTTTREM
TAAGAAAAAAGAAGAAACGAAGT CTTTCCCTATAACAGAAAAAGGTTTT R
TAAGAAAAAAGAAGAAACGAAGT CTTTCCCTATAACAGAAAAAGGTTTTRLE:
310 320 330 340 350

AR PO U DR T DU DR DU D B

TTGTCCCAGAT T TATCAGAGCATAT TAAAAACCCT GGAT T
TTGTCCCAGATTTATCAGAGCATATTAAAAACCCT GGATT
TTGTCCCAGATTTAT CAGAGCATAT TAAAAACCCT GGATTCAACTI 340
TTGTCOCAGATTTAT CAGAGCATAT TAAAAACCCT GGATTCAACT TAAT TREEM
TTGTCCCAGATTTAT CAGAGCATAT TAAAAACCCT GGATTCAAC 338
TTGTCCCAGATTTAT CAGAGCATATTAAAAACCCT GGATTCAACTTAET TRERIY
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H37 sak AV T T GT CCCAGAT T TATCAGAGCATAT TAAAAACCCT GGAT TCAACT TAAT TiReZ Xk
Y RS IE-Y-UQEASK I T T GT CCCAGAT TTATCAGAGCATAT TAAAAACCCT GGAT TCAACT TAAT TRRELY
SN4 sak PAKI T T GI CCCAGAT T TATCAGAGCATAT TAAAAACCCT GGATTCAACT TAAT T ey

360
T I
B34 sak 334 334
C29 sak 332 332
D4 sak 340 340
&4 sak 342 349
H2 sak 338 338
H21 sak 341 349
H37 sak 341 354
M 28 sak 341 347
SN4 sak 343 350

Fig. 46:The sequence analysi&k gene obtained in present study.

These variations were found to be non-significart@.05) during analysis of codon based test ofraétyt Three distinct clusters were found in plgdoetic
tree analysis ofakgene sequences of the present study, first clugtsiincluding sequence of buffalo (B34) isolatgasated with 0.012 scaled distance, second cluster
comprising dog (D4) isolate separated with 0.0G8ezstdistance and third cluster was made up byiréngaother seven isolates (Mt28, SN4, C29, H21, 624 and
H37) as depicting in figure 47.

Multiple sequence alignment of present study seceemwas conducted with reference sequences of [d@RBbase to find similarities and variations betwee
our sequences and reference NCBI sequences. Ropthpose, three sequences of NCBI database naé@eelyence ID- EF122253 from human isolate of India,
Sequence ID- GU966685 from human clinical isolatenf China and Sequence ID- LC075481 from humaratisadf Iran were choose according to availabilitghe
database and geographic variations of bacterittiso.

The multiple sequence alignment of all sequencesated very close similarities (except B34 and #h all aligned sequences. Only very few variasiovere
detected.e. ten nucleotide variations were found in the datatsequence LC075481 when compared with our segsigmesent study sequences except that for H21
and H37 sequence. Less than four variation wererded in GU966685 database sequence and negldjiftéeences were recorded in EF122253 strain ofalmehen
compared with our sequences (Fig. 48). The steistr codon-based test of neutrality between sempse.e. the probability of rejecting the null hypothesisstrict-
neutrality ¢, =ds (ds and ¢, are the numbers of synonymous and nonsynonymdasditstions per site, respectively) and non-sigaifit £>0.05) variations were found
between all aligned sequences.

Phylogenetic tree analysis of multiple sequenagnaient ofsakgene sequences revealed three clusters as desealer. All three database sequences were
comprised in third cluster, this third cluster carb classify with minor differences such as H217H8d LC075481 database sequences are closer @ih8scaled
distance in compare to other sequences and GU96af#85ase sequence separated with 0.0015 scalado#isThe database sequence EF122253 strainiafviac
closer with our remaining sequences (SN4, Mt28,624 and C29) with scaled distance 0.0015 as d=pintfigure 49.

Multiple sequence alignment and phylogenetic treayasis indicated that nucleotide variations ndiyafepend on source of isolation but also on gguiyca
variations. The close similarities between animal Auman isolates sequences in the present stugdynui@ates close interaction and exchange of biattgenetic

262



material between human, animals and other soungeat(piece). Though, previous studies and ourteseported the less prevalencesakgene in animal isolates but
in sequence analysis, in our study did not deiguifs:ant nucleotide variations between human anithal isolates isakgene sequences.

B34 sak

C29 sak

D4 sak

&4 sak
GU966685 Hu cli. china
H2 sak

H21 sak

H37 sak

M 28 sak
EF122253 hu | ND
LC075481 Hu cli.

Iran

SN4 sak

B34 sak

C29 sak

D4 sak

&4 sak
GU966685 Hu cli. china
H2 sak

H21 sak

H37 sak

M 28 sak

EF122253 hu | ND

1

1

44

45

46

44

48

47

43

44

43

48

10 20 30 40 50
fj 43
Met Val Asn  Val
0 44
Met Val Asn  Val
GAGT TAT T TTGAACCAACAGGOUCGTAT TS GATGGTAAATAGT S
Met Val AsnSer
I 43
Met Val Asn  Val
0 47
Met Val Asn  Val
Il 46
Met Val Asn  Val
I 42
Met Val Asn  Val
I 43
Met Val Asn  Val
I 42
Met Val Asn  Val
Il 47
Met Val Asn  Val
0 47
Met Val Asn  Val
0 44
Met Val Asn  Val
60 70 80 90 100
RN FEUSY PSS FRUES FRTES FRTES FRTEY FRTE RETES Ry
92
Thr Val EndAr gEndAr gLysEndl | eArgTyr ProlLeul | eMVet
GACTHGGAGTAT 91
Thr VaI Asp Lys Asnd uLeu LeuSer ProHi sTyr
€ 93
ArgLeu VaI Asp Lys Asn@ uLeu LeuSer ProH sTyr
GACTHCGAGTAT € 90
Thr Val Asp Lys Asnd uLeu LeuSer ProHi sTyr
GACTHGGAGTT 94
Thr Val Asp Lys Asn@ uLeu LeuSer ProH sTyr
GGAGT 93
Thr Val Asp Lys Asnd uLeu LeuSer ProHi sTyr
GGAGT] (GCTATCCOCTCETTAT IR
Thr Val Asp Lys Asnd ulLeu LeuSer ProArgTyr
GACTHCGAGTAT (GCTAT CCOCTCETTATCRE
Thr Val Asp Lys Asnd ulLeu LeuSer ProArgTyr
GACTHGGAGTT 89
Thr Val Asp Lys Asnd uLeu LeuSer ProH sTyr
GGAGT] %4
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LC075481 Hu cli.

SN4 sak

B34 sak

C29 sak

D4 sak

R4 sak

3966685 Hu cli.

H2 sak

H21 sak

H37 sak

M 28 sak

EF122253 hu | ND

LC075481 Hu cli .

SN4 sak

B34 sak

C29 sak

D4 sak

@4 sak

GJ966685 Hu cli.

H2 sak

H21 sak

H37 sak

Iran

chi na

Iran

chi na

48

45

93

92

94

91

95

94

90

91

90

95

95

92

143

141

143

140

144

143

139

140

Thr G yVal AspG yLysG yAsnd ulLeu LeuSer ProHi sTyr
GGAGT] (GCTATCCOCTCETTATGRER
Thr G yVal Aspd yLysd yAsnd uLeu LeuSer ProArgTyr
GGAGT o1
Thr G yVal AspG yLysG yAsnd uLeu LeuSer ProH sTyr
110 120 130 140 150
R RN RN FRRE FERE RRRE RRREY RRREY RRREY RRREY
142
Ser ArgPheProl | eLysProG yThr Thr LeuThr Lysd uLysl |l ed u
140
Val G u PheProll eLysProG yThr Thr LeuThr Lysd uLysl | ed u
142
Val @ u PheProll eLysProd yThr Thr LeuThr Lysd uLysl | ed u
139
Val G u PheProll eLysProG yThr Thr LeuThr Lysd uLysl | ed u
143
Val @ u PheProll eLysProd yThr Thr LeuThr Lysd uLysl | ed u
142
Val G u PheProll eLysProG yThr Thr LeuThr Lysd uLysl | ed u
138
Val @ u PheProll eLysProd yThr Thr LeuThr Lysd uLysl | ed u
139
Val G u PheProll eLysProG yThr Thr LeuThr Lysd uLysl | ed u
138
Val G u PheProll eLysProG yThr Thr LeuThr Lysd uLysl | ed u
143
Val @ u PheProl |l eLysProd yThr Thr LeuThr Lysd uLysl | ed u
143

Val G u PheProll eLysProG yThr Thr LeuThr Lysd uLysl | ed u

[TTTCCTATTAAACCT GGGACTACACT TACAAAAGAAAAAAT T GARMEAY

Val @ u PheProll eLysProd yThr Thr LeuThr Lysd uLysl | ed u

160 170 180 190 200
REEY ERUTY FRREY FRUES FRSES FRTEY FRFEY PRFES EREES RREEY
ATACTAT GT CGAAT GGGCAT TAGATGCGACAGCATATAAAGAGT TTAGACIEASY
Tyr TyrVal @ uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheAr g

ATACTAT GI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGERE]Y)

Tyr TyrVal G uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheAr g

192
Tyr TyrVal @ uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheAr g

189
Tyr TyrVal G uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheAr g

ATACTATGI CGAAT GGGCAT TAGATGCGACAGCATATAAAGAGS T TAGACKRESK]
Tyr TyrVal G uTr pAl aLeuAspAl aThr Al aTyr Lysd uLeuAr g

ATACTAT GI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGEMREYA

Tyr TyrVal G uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheAr g

ATACTAT GT CGAAT GGGCAT TAGATGCGACAGCATATAAAGAGT TTAGACKEEEES]
Tyr TyrVal @ uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheAr g

ATACTAT GI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGEERS}S]

Tyr Tyr Val @ uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheArg
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M 28 sak
EF122253 hu | ND
LC075481 Hu cli. Iran

SN4 sak

B34 sak

C29 sak

D4 sak

X4 sak

3GU966685 Hu cli. china
H2 sak

H21 sak

H37 sak

M 28 sak

EF122253 hu | ND
LC075481 Hu cli. lran

SN4 sak

B34 sak
C29 sak
D4 sak
&4 sak
GU966685 Hu cli. china

H2 sak

IICMATACTAT GI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGAGERSE]

Tyr Tyr Val @ uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheAr g

144 _A TACTATGI CGAAT GGGCAT TAGAT GCGACAGCATATAAAGAGT TTAGACKSK]
Tyr Tyr Val @ uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheAr g

144 193
Tyr Tyr Val @ uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheAr g

141 190
Tyr TyrVal A uTr pAl aLeuAspAl aThr Al aTyr Lysd uPheArg

210 220 230 240 250
REEY ERREY RRRE RN FRREY RRRT FRREY REREY RRREY RRRE
193 242
Val Val @ uLeuAspProSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
191 240
Val Val @ uLeuAspPr oSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
ICKETAGTTGAATTAGAT CCAAGCGCAAAGAT CGAAGT CACTTATTATGATAACZ:YA
Val Val @ uLeuAspProSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
190 239
Val Val @ uLeuAspPr oSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
I TAGT TGAAT TAGAT CCAAGCGCAAAGAT CGAAGT CACTTATTATGATAACZ X
Val Val @ uLeuAspProSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
K TAGT TGAAT TAGAT CCAAGCGCAAAGAT CGAAGT CACTTATTATGATAACZ:YA
Val Val @ uLeuAspPr oSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
189 238
Val Val @ uLeuAspPr oSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
ICIOTAGT TGAAT TAGAT CCAAGCGCAAAGAT CGAAGT CACTTATTATGATAACEEL
Val Val @ uLeuAspProSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
IR TAGT TGAAT TAGAT CCAAGCGCAAAGAT CGAAGT CACTTATTAT GATAACEPEL
Val Val @ uLeuAspPr oSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
IV TAGT TGAAT TAGAT CCAAGCGCAAAGAT CGAAGT CACTTATTATGATAACEZX
Val Val @ uLeuAspProSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
I TAGT TGAAT TAGAT CCAAGCGCAAAGAT CGAAGT CACTTATTATGATAACZ X
Val Val @ uLeuAspPr oSer Al aLysl | ed uVal Thr Tyr Tyr AspLys
191 240
Val Val @ uLeuAspProSer Al aLysl | ed uVal Thr Tyr Tyr AspLys

260 270 280 290 300
RETY ERRES FRSTS FRUES FRTEY FRTEY PRSP PRSP RETEE RRTRY
LM AATAAGAAAAAAGAAGAAACGAAGT CT TTCCCTATAACAGAAAAAGGT T TiVAH
AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysG yPhe
LN AATAAGAAAAAAGAAGAAACGAAGT CTTTCCCTATAACAGAAAAAGGT T TiwAslo]
AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysC yPhe

LR AATAAGAAAAAAGAAGAAACGAAGI CTTTCCCTATAACAGAAAAAGGT T Tiwayd

AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysG yPhe

PZIVRAATAAGAAAAAAGAAGAAACGAAGI CTTTCCCTATAACAGAAAAAGGT T TSt

AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysC yPhe

Z Y AATAAGAAAAAAGAAGAAACGAAGI CTTTCCCTATAACAGAAAAAGGT T TIwACK]

AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysG yPhe

PECAATAAGAAAAAAGAAGAAACGAAGI CTTTCCCTATAACAGAAAAAGGT T TiwAtHA

AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysG yPhe
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H21 sak

H37 sak

M 28 sak

EF122253 hu | ND

LC075481 Hu cli.

SN4 sak

B34 sak

C29 sak

D4 sak

R4 sak

3966685 Hu cli.

H2 sak

H21 sak

H37 sak

M 28 sak

EF122253 hu | ND

LC075481 Hu cli .

SN4 sak

B34 sak

C29 sak

D4 sak

@4 sak

Iran

chi na

Iran

239

240

239

244

244

241

293

291

293

290

294

293

289

290

289

294

294

291

334

332

340

337

AATAAGAAAAAAGAAGAAACGAAGT CTTTCCCTATAACAGAAAAAGGT T Tiezets

AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysC yPhe
289
AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysG yPhe
288
AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysC yPhe
293
AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysG yPhe
293
AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysC yPhe
290
AsnLysLysLys@ ud uThr LysSer PheProl | eThr G uLysG yPhe

310
U P PN P
[TGI TGTCCRCAGATTTATCAGAGT
Val Val ProAsplLeuSerd u

[TGI'TGI CCRCAGATTTATCAGAG]

320 330 340 350

(RS FURTS TS FRTRY PP
ATATTAAAAACCCT GGAT
Hi sl | eLysAsnProd y

ATATTAAAAACCCT GGAT

334

332

Val Val ProAsplLeuSerd u

Val Val ProAsplLeuSerd u
Val Val ProAsplLeuSerd u
CAGATTTATCAGAGO
Val Val ProAsplLeuSerd u

Val Val ProAsplLeuSerd u

[TGI'TGI CCRCAGATTTATCAGAGO

Val Val ProAsplLeuSerd u

[TGI'TGI CCRCAGATTTATCAGAGT

Val Val ProAsplLeuSerd u

[TGI'TGI CCRCAGATTTATCAGAGO

Val Val ProAsplLeuSerd u

[TGI'TGI CCRCAGATTTATCAGAGT

Val Val ProAsplLeuSerd u

[TGI'TGI CCTCAGATTTATCAGAGCCCATAT TAAAAACCCT GGAT T CAA(

Hi sl'l eLysAsnProd vy

ATATTAAAAACCCT GGATTCAACT R}

Hi sl | eLysAsnProd yPheAsn

336
Hi sl | eLysAsnProQd yPheAsn
Hi sl | eLysAsnProQd yPheAsn

ATATTAAAAACCCT GGATTCAAG

Hi sl | eLysAsnProd yPheAsn

ATATTAAAAACCCT GGATTCAACTEE}S)

Hi sl | eLysAsnProQd yPheAsn

ATATTAAAAACCCT GGATTCAACTEELS)

Hi sl | eLysAsnProd yPheAsn

ATATTAAAAACCCT GGATTCAACT R}

Hi sl | eLysAsnProQd yPheAsn
338

ATATTAAARBICOCT GGAT TCAA

Hi sl leLys ProTrplled nLeu

340

338

343

Val Val LeuAr gPhel | eAr gAl aH sl | eLysAsnProd yPheAsn

[TGI'TGI CCRCAGATTTATCAGAG

ATATTAAAAACCCT GGATTCAACTEETS

Val Val ProAspLeuSerd@ u HislleLysAsnProd yPheAsn
360 370
o R R R
334
332
A 340
TAATTTACAAAGHG 349

Leul | eTyrLys
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GU966685 Hu cli. china 341 ACAAACHIGTTGT TARSEEE!

Leull e ThrLys Val Val

H2 sak 338 338

H21 sak 336 AdINATYYYE [€G 349
LeuVal TyrLys

H37 sak 337 XeYIYE €AGAACE 354
Leull e ThrLys GQ uAsn

M 28 sak K[ TAATT[OACAAG 347
Leul | eHi sLys

EF122253 hu | ND 339 ACAAAQ 357

Asn TyrLys CysTyr

LC075481 Hu cli. Iran 344 JAGAAGATGETCSAIIECIAS 364

Leud uAspAspProlLeuleu
SN4 sak BRI TAATTTACAAAG E 350
Leul | eTyrLys

Fig. 48: Multiple sequence alignment ofak gene sequences of present study with reference segces of NCBI database.

267



F. Toxins fla, hib, hid andtst gene)

Staphylococcus aurelsolates secretes various exotoxins such as hgsmelf, (3, y, ), enterotoxins, superantigens (toxic shock synertomin-1/ TSST-1)
and leukocidins. Among these, haemolysins (alpbta and delta governed hia,hlb andhld genes, respectively) are cytolytic pore formingjre to a variety of host
cells which not only lyse cells but depress hoshime response also. Toxic shock toxist ene) is a pyrogenic toxin superantigensSofaureushat can cause
nonspecific T-lymphocyte activation and massiveokyte release characterized by fever, rash, hyg@enmultiple-organ-system dysfunction, lethal dhdfood
poisoning) and desquamation in the host. The immetinical implications of toxins make it importart studyS. aureudsolates from various sources in regards
todifferenttoxin genes.

Out of the 157 isolates toxin associated genes rep@rted with variable percentage as mentionddtle 42. Théila gene was detected in 155 (98.7%) isolates
with single amplicon of 534bp (Fig. 50) while oryo isolates (G16 and G45) were found to be negdtivhla gene.

The hlb gene was observed in 94 (59.9%) isolates withlsiagplicon of 833bp (Fig. 51). Maximum prevaleméehlb gene was recorded in camel (87.5%)
isolates while minimum presence was found in mestep(35.0%) isolates.

Thehld gene was detected in 150 (95.5%) isolates wittlsiamplicon of 111bp (Fig. 52) while seven isataid27, H44, Mt11, Mt19, 2J, B10 and C13) were
found negative for this gene.

Thetst gene was detected in only 19 (12.1%) isolates sitgle amplicon of 350bp (Fig. 53) Maximum eigsdlates from human were positive while most of
animal isolates were and none isolate from meaiepieorse, pig and dog was positive for this génghe toxin associated genéda gene was detected with maximum
prevalence followed bkld, hlbandtst genes in decreasing order.

Table 42: Detection of Toxin factor associated gesen S. aureus isolates.

Toxins associated genes (%)
S. No. Source of Isolate To_tal No. of
isolate hla (534bp) hib (833bp) hid (111bp) tst(350bp)

P N P N P N P N
1. Human 35 35 (100.0) 0(0.0) 15 (42.9) 20 (57.1) 33(94.3) 2(5.7) 8(22.9) 27 (77.1)
2. Meat piece 20 20 (100.0) 0 (0.0) 7 (35.0) 130p5 18 (90.0) 2 (10.0) 0 (0.0) 20 (100.0)
3. Horse 3 3(100.0) 0 (0.0) 2 (66.7) 1(33.3) @0(D) 0 (0.0) 0 (0.0) 3(100.0)
4. Pig 2 2 (100.0) 0 (0.0) 1 (50.0) 1 (50.0) 2 (000 0 (0.0) 0 (0.0) 2 (100.0)
5. Camel 8 8 (100.0) 0 (0.0) 7 (87.5) 1(12.5) 758 1(12.5) 1(12.5) 7 (87.5)
6. Dog 6 6 (100.0) 0 (0.0) 3 (50.0) 3(50.0) 6 (D00 0 (0.0) 0 (0.0) 6 (100.0)
7. Sheep 6 6 (100.0) 0 (0.0) 6 (50.0) 0 (0.0) ®@p 0 (0.0) 3(50.0) 3(50.0)
8. Buffalo 21 21 (100.0) 0 (0.0) 16 (76.2) 5(23.8) 20 (95.2) 1(4.8) 4 (19.0) 17 (81.0)
9. Goat 28 26 (92.9) 2(7.1) 19 (67.9) 9(32.1) (7®0.0) 0 (0.0) 2(7.1) 26 (92.9)
10. Cattle 28 28 (100.0) 0 (0.0) 18 (64.3) 10 (5.7 27 (96.4) 1 (3.6) 1 (3.6) 27 (96.4)
Total 157 155 (98.7) 2 (1.3) 94 (59.9) 63 (40.1) 150 (95.5) 7 (45) 19 (12.1y 138 (87.9)
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Abbreviations:- P- Positive, N- Negative
Superscript:- a- Isolates negative fita gene (G16 and G45), b- Isolates negativénfdigene (H27, H44, Mt11, Mt19, 2J, B10 and C13),
c- Isolates positive fetgene (H1, H2, H10, H12, H15, H21, H25, H28, 1542,S5V3, SV4, B24, B29, B30, B55, AG10, G2 and C2)

Our results corroborated earlier observations aftBet al. (2001) who reported that thda, hlb and tsigenes in 100% (128/128), 38% (77/200) and 28.6%
(45/157), respectively of th8. aureudsolates obtained human clinical infections. Saml, Jarraudet al. (2002) also reported that 100 % isolates cariacandhld
gene while only 27% and 10% isolates were posftivest andhlb gene, respectively among 198 human clinical isslatkalecet al. (2015) also reported that 100%
strains were positive fanla andhld genes followed by 74.5 % presencehtif gene and 21.3 % fdst gene from 47S. aureusstrains from mastitic milk of cows.
Similarly, Yanget al. (2015) also reported 5.4%, 70.3%, 73.0%, and 70r8%uency oftst, hla, hih andhld genes, respectively in 3. aureudsolates from bovine
mastitis.

Ohkuraet al. (2009) reported similar prevalence fad (97.6%) andhla (97.1%) genes but contrary finding fab (84.6%)andst (80.3%) genes in 208 MRSA
strains of human origin.

Our result were similar to observations of manyaeshers who reported high prevalencélafandhld gene such as Kim and Lee (2015) and Alfatetral.
(2014) found 98% and 100%, and 93.15% and 84.2dction ofhla andhld in human isolates, respectively. Argu@inal. (2011) and Gharset al. (2012) reported
100% occurrence of each gene in human clinicahiesland nasal swabs of donkey, respectively. &igilOteet al. (2011) also detected 98.7% and 100bandhld
genes, respectively iB. aureudsolates associated with bovine mastitis. In amtito our results, Kumaat al (2011) reported more than 90% presenchliofgene
while none of the isolate was found positiveti&st-1gene in isolates from milk samples.

Many researchers reported lower prevalenckllofindtst genes as recorded in the present study. Glearsla(2012) detected 70%b and 12%ist gene inS.
aureusisolates from nasal swabs of donkey, Delgatal. (2011) observed 50% and 13.3% presenddloéndtst genes, respectively from human and bovine mastitic
milk S. aureugsolates. Similarly, Argudiret al. (2011) also reported 64.5% and 29.0% occurrenddofindtst gene from human isolates. Likewise, Wagtgal.
(2011), Ariyantiet al.(2011) and Coelhet al.(2011) also detected 42.6%, 18.18% and 16% preselefhlb, respectively in isolates from various sources.

Variable results for prevalence of toxin associaledes were also described in previous literafdk&ayedet al (2006) and Ikawatet al. (2010) recorded
100% occurrence dilb gene in 24 and 76 isolates f aureusrom bovine mastitis, Andet al. (2004) detected 72.5% presencdsbigene from 109 human isolates
while Kateeteet al.(2011) reported 10% presencetsifgene in 41 human clinical infections.

tst gene sequence analysis

Six tst gene positive isolates from this study, namely 2 human, J2 from camel, SV2 from sheep, B2tnftauffalo, AG10 from goat and C2 from cattle
were subjected to sequencing. First of all the segess were BLAST at NCBh(tp://blast.ncbi.nlm.nih.gov/Blast.ggand were confirmed dst gene sequences &t
aureusstrains.

The sequence analysistsf gene revealed that there were 12 nucleotide @m&gintst gene sequences. The sequences of B29 (buffaladjiahghuman) were
found more closer compared to others. These twoesegs (B29 and H21) were carried most of variatioom other studied sequences. In other, sequesacegions
were at only two nucleotide positione. one gap at 5position in AG10 isolate while other sequencesifmadenine and second variations at™p8sition in J15
isolate which having adenine while other have dggsin analysis, it was found that, H21 and B29ates carried A, G, AT, C, C, C and G while dier sequences

269



carried G, A, G, G, T, T, T and T af,711", 71" 72", 76" 93" 165" and 288 nucleotide positions respectively. Some other gaps insertions with nucleotide
variations were found from nucleotide positiontarting and after 281 nucleotide position as damgcin figure 54.

These variations were found to be non-significaat @.05) during analysis of codon based test ofraéiyt Two distinct clusters were found in phyloggic
tree analysis ofst gene sequences of the present study, first clustkrded sequence of buffalo (B29) and human (H2dlate separated with 0.0128 scaled distance
from others and second cluster comprised of twalisigions of which first included cattle (C2), shegV2) and goat (AG10) separated from second wimicluded
camel (J15) with negligible 0.0055 distance asdam in the figure 55.

10 20 30 40 50
AGIO tst 1
J15 t st 1
SV2 tst 1
B29 t st 1
C2 tst 1
H21 t st 1
60 70 80 90 100
I e L [T I I T I I |
AGLO tst 49
J15 tst 48
SV2 tst 51
B29 t st 47
C2 tst 51
H21 t st 48
110 120 130 140 150
S IS I I I AP I I I
GO S SR [ I AT ACT GAAAAAT TACCTACT CCAATAGAACTACCT TTAAAAGT TAAGGT T NAss]
J15 tst CEEATACT GAAAAATTACCTACT CCAATAGAACTACCT TTAAAAGT TAAGGT TR ¥4
SV2 tst INONATACT GAAAAATTACCTACT CCAATAGAACTACCT TTAAAAGT TAAGGT T &8
B29 t st CYAATACT GAAAAATTACCTACTCCAATAGAACTACCT TTAAAAGT TAAGGT TR
C2 tst INONRATACT GAAAAATTACCTACT CCAATAGAACTACCTTTAAAAGT TAAGGT TSt
H21 t st CEEATACT GAAAAATTACCTACTCCAATAGAACTACCT TTAAAAGT TAAGGT T ¢
160 170 180 190 200
S IS I I I AP I I I
FAYCO I <3 N V2 S I CAT GGTAAAGATAGI CCCTTAAAGT AT TGGCCAAAGT TCGATAAAAAA
J15 t st IS CATGGTAAAGATAGT CCETTAAAGT ATTGGCCAAAGT TCGATAAAAAA
SV2 tst IRYRCATGGTAAAGATAGI CCCTTAAAGT AT TGGCCAAAGT TCGATAAAAAA
B29 t st 147
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C2 tst ENRCATGGTAAAGATAGI CCCTTAAAGTAT TGGCCAAAGT TCGATAAAAAACARPALY
H21 t st I CAT GGTAAAGATAGCSCCCT TAAAGTAT TGGCCAAAGT TCGATAAAAAACAINE®N
210 220 230 240 250

A D T R TS I I IR R I
TR TS B AT TAGCTATATCAACT TTAGACT T TGAAATTCGT CATCAGCTAAC 248

R B AT TAGCTATATCAACT TTAGACT TTGAAATTCGTCATCAGCTAACT 247
SR T B AT TAGCTATATCAACT TTAGACT TTGAAAT TCGT CATCAGCTAACT 250
R T YAl A T TAGCTATAT CAACTTTAGACT TTGAAATTCGT CATCAGCTAACT 246
C2 tst P WAT TAGCTATAT CAACT TTAGACT TTGAAATTCGTCATCAGCTAACT 250
R T AT TAGCTATAT CAACTTTAGACT TTGAAAT TCGT CAT CAGCTAACT 247
260 270 280 290
T P T P P P D B B
X R ML W T ACAT GGAT TATATCGT TCAAGCGATAAAACGGGTGGT TTAT T 294
AR T B Ll T ACAT GGATTATAT CGTTCAAGCGATAAAACGGGT I TTTATTGGAAAARREELS
SR T Y W T ACAT GGAT TATAT CGT TCAAGCGATAAAACGGGT GGTTTATTA 294
B29 tst 247 292
C2 tst PLHR T ACAT GGAT TATAT CGTTCAAGCGATAAAAC 281

27X RSV S VY- W T ACAT GGAT TATAT CGT T CAAGCGATAAAACGGGT €T TATTGGAAARNPISV

Fig. 54: The sequence analystst gene obtained from present study.

Multiple sequence alignment of present study seceemwas conducted with reference sequences of [d@Bbase to find similarities and variations betwee
our sequences and reference NCBI sequences. Bquutpose, two sequences of NCBI database namglyeSee ID- EF531615 (Moneclke al., 2007) cattle isolate
sequence from mastitis sample of Switzerland argl&sce ID- LC075482 from human isolate of Iran weltesen according to source of isolation and ggatca
variations.

The multiple sequence alignment of all sequencesated very close similarities among all alignegusnces. Only very few variations were detectedive
nucleotide variations were found in the databasgiegce LC075482 with present study sequences eki&ptand B29 sequence of this study. While the secg
EF531615 had negligible difference with C2, SV2 ahl AG10 but sharing similar variations with B2&laH21 sequences as describe earlier (Fig. 56) sttistics
for codon-based test of neutrality between sequeeocrducted.e. the probability of rejecting the null hypothesisstrict-neutrality @ = ds (ds and q, are the numbers
of synonymous and nonsynonymous substitutionsifemrespectively) and non-significamt>0.05) variations were found between all alignegusaces.

Phylogenetic tree analysis of multiple sequencgnatient oftst gene sequences revealed two clusters as des@dnker. One of the database (LC075482)
human sequence included into first cluster withuseges of buffalo (B29) and human (H21) isolate sewbnd cluster comprised two subdivisions firstuded cattle
(C2), sheep (SV2) and goat (AG10) isolate whiclassied from second subdivision which included cafi®b) and data base sequence (EF531615) of nmsétic
isolate as depicting in the figure 57.

Multiple sequence alignment and phylogenetic tregdyeis indicated that nucleotide variations depemon source of isolation and geographic variaidrhe
sequence of human isolates of present study were ohoses to human isolate sequence of databas#ai$y, sequences of cattle and other animal teslavere more
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close to sequence of cattle isolate from databasepe buffalo isolate which was more closer to hansolates sequence. The non-significant diffeeebetween
animal and human origin sequences in the preseay st database sequences also indicated closadatim and exchange of bacterial genetic matbadleen human,
animals and cross infections (meat piece).

1

0 20 30 40 50
B29 tst 1 AACOCEAANAGT TGACT TAAACACAAAAAGAACTAAAAAAGOCARE
e tst 1 50
R L B R e AAACGUGAAAAAGT T GACT TAAACACAAAAAGAACTAAAAAAACCCAREY
H1 tst e A CGCEAAAAGT T GACT TAAACACAAAAAGAACTAAAAAAAGOCARIE]
315 tst I A CGAAAAAGT T GACT TAAACACAAAAAGAACT AMAAAACCCARREY
R YL TP N RV B [1S3\AA GGGGAAAAAG T GACT TAAACACAAAAAGAACT AAAAAAAGOCA
sv2 tst 1 50
60 70 80 90 100
AGLO tst w s s meEsE s s FEe s o
B29 tst DA CATACT AGTGAAGGAACT TIIATISCAT T TOCAAAT AAGT GGeGT TACAARYS
@ tst 51 100
EF531615 ctl Swtz. 51 100
H21 tst PR ACATACT AGTGAAGGAACT TIIATISCAT T TOCAAAT AAGT CGeGI TACAARS
315 tst 48 o7
e TN ISV WPV A CATACT AGLGAAGGAACT TIIATISCAT T TCCAAATAAGT GGe GI TACAARIY
sv2 tst 51 100
110 120 130 140 150
AGLO 15t w ag ! Eess s el e o
B29 tst o7 146
e tst 101 150
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EF531615 ctl Switz.
H21 tst

J15 tst

LC075482 Hu Iran

SV2 tst

AGLO tst

B29 tst

C2 tst

EF531615 ctl Switz.

H21 tst

J15 tst

LC075482 Hu Iran

SV2 tst

AGLO tst

B29 tst

C2 tst

EF531615 ctl Switz.

H21 tst

J15 tst

LC075482 Hu Iran

SV2 tst

101

98

98

101

101

149

147

151

151

148

148

151

151

150
147
147
150
150

160 170 180 190 200
RETY EEUES FETEY FRUES FRNEY FRTEY FRSEE FRFEY RETES RRTEY
CATGGTAAAGATAGT CCCT TAAAGT AT TGCCCAAAGT TCGATAAAAAACARKESE]
Met Val Lysl | eVal ProEndSer | | ed yd nSer Ser || eLysAsn

CATGGTAAAGATAGECCCTTAAAGTATTGGCCAAAGI TCGATAAAAAACARNEETY)

Met Val Lys! | eAl aProEndSer || ed yd nSer Ser | | eLysAsn

CATGGTAAAGATAGI CCCTTAAAGTATTGGCCAAAGI TCGATAAAAAACARIANY

Met Val Lysl | eVal ProEndSer | | ed yd nSer Ser || eLysAsn

CATGGTAAAGATAGI CORTTAAAGTATTGGCCAAAGI TCGATAAAAAACAIVANI]

Met Val Lys! | eVal Hi sEndSer || ed yd nSer Ser | | eLysAsn

CAT GGTAAAGATAGECCCT TAAAGTATTGGOCAAAGT TCGATAAAAACAIIEYS
Met Val Lysl | eAl aPr oEndSer | | ed yd nSer Ser || eLysAsn

197
Met Val Lysl | eVal H sEndSer | | ed yd nSer Ser || eLysAsn

CATGGTAAAGATACRCCCT TAAA (GGOCAAAGT TCGATAAAAAACAIEEE!

Met Val Lysl | eAl aProEnd |l e TrpProLysPheAspLysLysd n

CATGGTAAAGATAGI CCCTTAAAGTATTGGCCAAAGI TCGATAAAAAACAIVANI]

Met Val Lysl | eVal ProEndSer | | eG yd nSer Ser || eLysAsn

210 220 230 240 250

USS FUTYS PR VPSS PP DU PR PSS P
I RAT TAGCTATATCAACT TTAGACT TTGAAAT TCGT CATCAGCTAACT CAAA
AsnEndLeuTyr G nLeuEndThr LeuLysPheVal | | eSer EndLeulLys

VAT TAGCTATATCAACTTTAGACT TTGAAATTCGI CATCAGCTAACT CAAA

AsnEndLeuTyr G nLeuEndThr LeuLysPheVal | | eSer EndLeulLys

PAONRRAT TAGCTATATCAACT TTAGACT TTGAAATTCGI CATCAGCTAACT CAAA

AsnEndLeuTyr G nLeuEndThr LeuLysPheVal | | eSer EndLeulLys

YANATTAGCTATATCAACTTTAGACTTTGAAATTCGI CATCAGCTAACT CAAA

AsnEndLeuTyr G nLeuEndThr LeuLysPheVal | | eSer EndLeulLys
U MATTAGCTATATCAACTTTAGACTTTGAAATTCGI CATCAGCTAACT CAAA
AsnEndLeuTyr G nLeuEndThr LeuLysPheVal | | eSer EndLeulLys

ARSI MATTAGCTATATCAACTTTAGACT TTGAAATTCGI CATCAGCTAACT CAAA

AsnEndLeuTyr G nLeuEndThr LeuLysPheVal | | eSer EndLeulLys

IR EATTAGCTATATCAACTTTAGACT TTGAAATTCGI CAT CAGCTAACT CAAA

LeuAl al | eSer Thr LeuAspPhed ul | eArgHi s nLeuThrd n

YAONATTAGCTATATCAACTTTAGACTTTGAAATTCGI CATCAGCTAACT CAAA

AsnEndLeuTyr G nLeuEndThr LeuLysPheVal | | eSer EndLeuLys

260 270 280 290

248
246
250
250
247
247
248

250

273



AGLO tst p XM T ACAT GGATTATATCGI T CAAGCGATAAAACGGGT GGT THATHICEA 294

Tyr Met AspTyr |l eVal G nAl al | eLysArgVal Val Tyr Tr p

B29 tst PLYET ACAT GGATTATAT CGT TCAAGCGATAAAACGGGT GGTTATTGGAA 292
Tyr Met AspTyr |l eVal G nAl al |l eLysArgVal Val I | e
C2 tst PN T ACATGGATTATAT CGT TCAAGCGATAAAAQ 281

Tyr Met AspTyr || eVal G nAl al | eLys

EF531615 ctl Switz. 251 pReNICENRVVIeeiflo.vceoeryy vV iecee|ceiyNNICE .. 298

Tyr Met AspTyr |l eVal G nAl all eLysArgVal Val | | e Lys

H21 tst LS T ACAT GGATTATAT CGT TCAAGCGATAAAACGGGT GGT TAT TGGAAA 294
Tyr Met AspTyr |l eVal G nAl al | eLysArgVal Val | | e
J15 tst pZ:t: T ACAT GGATTATAT CGT TCAAGCGATAAAACGGGT QYT TATTGGAAAARIIVASL]

Tyr Met AspTyr |l eVal G nAl al | eLysArgVal Phell e Lys

LC075482 Hu Iran ZA M T ACATGGATTATAT CGI TCAAGCGATAAAACGGGT GG TAT TGGAAAACIVATN

IleH s LeuTyr ArgSer Ser AspLysThr Tyr Tr pLys

SV2 tst PAH T ACAT GGATTATAT CGT TCAAGCGATAAAACGGGT GGT TIATHG 294

Tyr Met AspTyr || eVal G nAl al | eLysAr gVal Val Tyr

Fig. 56: Multiple sequence alignment ofst gene sequences of present study with reference geqces of NCBI database

9. Virulotyping of Staphylococcus aureus

Staphylococcus aureysoduces a variety of extracellular, intracelludaad cell wall associated virulence facteiz. adherence factors, capsule, exoenzyems,
immune evasion factor, staphylokinase and toxinggwed by corresponding genes. Hence, virulentleeobrganism depends on presence or absence efineence
factors associated genes. In the present studptyping was done based on presence or absenbe girtilent genes in the isolates.

In the present study, all 157 isolates were subjetti detection of 19 various virulence factoroaisged gene<l(fA, clfB, icaA, icaD, trap, cap5K, cap8K, chp,
scn, sak, hla, hlb, hid, tst, coa, spa-X, spa-la, aur).

Total 83 virulotypes were detected among 157 isglat the present study where all 19 genes weseptén virulotypel (V1) including one human (H8)late
followed by virulotypes namely V2, V3 and V4 havih§ genes with four human isolates (H1, H8, H12ldh8), virulotypes V5 to V9 having 17 genes withiddlates
and virulotypes V10 to V28 and virulotypes V29 t60/having 16 and 15 genes with 35 and 56 isola¢spectively. Virulotyping revealed that out of 1iS@lates,
more than 110 isolates were positive with more thaugenes while three virulotypes V81, V82 and W88 11, nine and eight genes which included J4,&0t5G16
isolate, respectively as mentioned in table 43.
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Table 43: Virulotypes of theStaphylococcus aureus isolates.

S. Virulot- ) No. of No. of Subtotal
No ypes isolates gene Gene Pattern Isolates | . of
present isolates

1|Vl H3 19 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, clspn, sak, hla, hlb, hid, tst, coa, spa-X, spa-la@, aur | 1 1
2| V2 H1 18 clfA, clfB, icaA, icaD, trap, cap8K, chp, scn, shlg, hib, hid, tst, coa, spa-X, spa-lgG, agr, aur 1 4
3| V3 H8 18 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, chpnssak, hla, hib, hid, coa, spa-X, spa-lgG, agr, au | 1
4| V4 H12, H15 18 clfA, clfB, icaA, icaD, trap, cap5K, chp, scn, shlg, hib, hid, tst, coa, spa-X, spa-lgG, agr, aur 2
5| V5 H2 17 clfA, clfB, icaA, icaD, trap, cap8K, chp, scakshla, hlb, hid, coa, spa-X, spa-lgG, agr, aur 1 14
6 | V6 H29, H39, Mt12, D10 17 clfA, clfB, icaA, icaD, trap, cap5K, chp, scn, shlg, hib, hid, coa, spa-X, spa-lgG, agr, aur 4
7| V7 H33, H37, H45, Mt2 17 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, chpnssak, hla, hld, coa, spa-X, spa-lgG, agr, aur 4
8| V8 H41, Mt10, J18, B34 17 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, chpkséla, hib, hid, coa, spa-X, spa-lgG, agr, aur 4
9| Vo B24 17 clfA, clfB, icaA, icaD, trap, cap8K, chp, sak, héh, hid, tst, coa, spa-X, spa-lgG, agr, aur 1

10 | vi10 H21 16 clfA, clfB, icaA, icaD, trap, cap5K, scn, sak, hidd, tst, coa, spa-X, spa-lgG, agr, aur 1 35

11 | vi1 C43 16 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, chpnshbla, hld, coa, spa-X, spa-lgG, agr, aur 1

12 | V12 H25 16 clfA, clfB, icaA, icaD, trap, cap5K, chp, scn, hiéd, tst, coa, spa-X, spa-lgG, agr, aur 1

13 | V13 H27 16 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, chpnssak, hla, coa, spa-X, spa-lgG, agr, aur 1

14| V14 H28, B29 16 clfA, clfB, icaA, icaD, trap, cap8K, sak, hla, hiid, tst, coa, spa-X, spa-lgG, agr, aur 2

15| vi5 H4 16 clfA, clfB, icaA, icaD, trap, cap5K, chp, scakshla, hld, coa, spa-X, spa-lgG, agr, aur 1

16 | V16 H5 16 clfA, clfB, icaA, icaD, trap, cap8K, chp, scig,hlb, hld, coa, spa-X, spa-lgG, agr, aur 1

17 | vi7 H6, H9, H13, Mt9, C29 16 clfA, clfB, icaA, icaD, trap, cap8K, chp, scn, shlg, hld, coa, spa-X, spa-lgG, agr, aur 5

18 | V18 H10 16 clfA, clfB, icaA, icaD, trap, cap8K, chp, sak, hidd, tst, coa, spa-X, spa-lgG, agr, aur 1

19| V19 H11, H40, Mt15, SN4, G40 16 clfA, clfB, icaA, icaD, trap, cap5K, chp, sak, hiéh, hid, coa, spa-X, spa-lgG, agr, aur 5

20 | V20 H31, Mt14, Mt31, J14 16 clfA, clfB, icaA, icaD, trap, cap8K, chp, sak, hidh, hld, coa, spa-X, spa-lgG, agr, aur 4

21| V21 Mt27, G39 16 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, scnkshla, hid, coa, spa-X, spa-lgG, agr, aur 2

22| V22 Hrs3 16 clfA, clfB, icaD, trap, cap5K, cap8K, chp, sak, b, hid, coa, spa-X, spa-lgG, agr, aur 1

23| V23 J15 16 clfA, clfB, icaA, icaD, trap, cap8K, chp, hla, hitid, tst, coa, spa-X, spa-lgG, agr, aur 1

24 | V24 Sv3 16 clfA, clfB, icaA, icaD, trap, cap5K, chp, hla, htdd, tst, coa, spa-X, spa-lgG, agr, aur 1

25| V25 B31 16 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, sakahhlb, hld, coa, spa-X, spa-lgG, agr, aur 1

26 | V26 B39, B42, AG13, C37 16 clfA, clfB, icaA, icaD, trap, cap5K, chp, scn, hiigh, hid, coa, spa-X, spa-lgG, agr, aur 4

27| V27 G2 16 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, hlaphhld, tst, coa, spa-X, spa-lgG, agr, aur 1

28 | V28 C26 16 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, chpahhlb, hld, coa, spa-X, spa-lgG, agr, aur 1

29 | V29 H7, H22, AG15 15 clfA, clfB, icaA, icaD, trap, cap5K, chp, scn, hitéd, coa, spa-X, spa-lgG, agr, aur 3 56

30 | V30 C34 15 clfA, clfB, icaA, icaD, trap, chp, sak, hlabhhld, coa, spa-X, spa-lgG, agr, aur 1

31| V31 H30, H34 15 clfA, clfB, icaA, trap, cap8K, chp, scn, sak, Hilg, coa, spa-X, spa-lgG, agr, aur 2

32| V32 H46 15 clfA, clfB, icaA, trap, cap8K, scn, sak, hit,tnld, coa, spa-X, spa-1gG, agr, aur 1

33| Vv33 H48, D4, G46 15 clfA, clfB, icaA, icaD, trap, cap5K, chp, sala, hid, coa, spa-X, spa-lgG, agr, aur 3

34| V34 Mtl, B23 15 clfA, clfB, icaA, icaD, trap, cap8K, sak, hidb, hid, coa, spa-X, spa-lgG, agr, aur 2

35| V35 Mt3, Mt13, Mt24, Mt25, Hrs1, Pg2, B36, GEZ2R 15 clfA, clfB, icaA, icaD, trap, cap8K, chp, shlg, hld, coa, spa-X, spa-lgG, agr, aur 9

36 | V36 Mt 11 15 clfA, clfB, icaA, icaD, trap, cap8K, chp, sak, hiéh, coa, spa-X, spa-lgG, agr, aur 1

37| V37 Mt20 15 clfB, icaA, icaD, trap, cap5K, cap8K, chp, sak, i, coa, spa-X, spa-lgG, agr, aur 1

38| V38 AG5, AG8 15 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, hlaphhld, coa, spa-X, spa-lgG, agr, aur 2

39| V39 Pg4, J3, B28, G1, G21, G35, C8, C9, C23,C39, C41 15 clfA, clfB, icaA, icaD, trap, cap5K, chp, hla, hlidd, coa, spa-X, spa-lgG, agr, aur 12

40 | V40 B21, C3R, C17, C22, C36, C52 15 clfA, clfB, icaA, icaD, trap, cap8K, chp, hla, htidd, coa, spa-X, spa-lgG, agr, aur 6

41 | v41 D13 15 clfA, clfB, icaD, trap, cap5K, chp, sak, hla, hitld, coa, spa-X, spa-lgG, agr, aur 1
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42 | V42 SV2, SV4, AG10 15 clfA, clfB, icaA, icaD, trap, cap5K, hla, hlb, hitt, coa, spa-X, spa-lgG, agr, aur 3

43 | V43 B57 15 clfA, clfB, icaA, icaD, trap, cap5K, scn, hidb, hid, coa, spa-X, spa-lgG, agr, aur 1

44 | V44 G9, G41 15 clfA, clfB, icaA, icaD, trap, cap5K, sak, hla, hidd, coa, spa-X, spa-lgG, agr, aur 2

45 | V45 C20 15 clfA, icaA, icaD, trap, cap5K, cap8K, chp, hla, hiiid, coa, spa-X, spa-IgG, agr, aur 1

46 | V46 H24 15 clfA, clfB, icaA, icaD, trap, cap5K, chp, scn, shlg, hld, coa, spa-X, spa-lgG, aur 1

47 | V47 B46 15 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, scnkshla, hld, coa, spa-X, spa-lgG, agr 1

48 | V48 G49 15 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, chpahhld, coa, spa-X, spa-lgG, agr, aur 1

49 | V49 G55 15 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, sakahhld, coa, spa-X, spa-lgG, agr, aur 1

50 | V50 C2 15 clfB, icaA, icaD, trap, cap5K, cap8K, hla, hitid, tst, coa, spa-X, spa-lgG, agr, aur 1

51] V51 H14 14 clfA, clfB, icaA, icaD, trap, cap5K, scn, hla, hiha, spa-X, spa-lgG, agr, aur 1 29

52 | V52 Mt19 14 clfA, clfB, icaA, icaD, trap, cap8K, chp, sala, coa, spa-X, spa-lgG, agr, aur 1

53 | V53 Mt22 14 clfB, icaA, icaD, trap, cap8K, chp, scn, sdk, hid, coa, spa-X, spa-lgG, agr 1

54 | V54 Mt26, Mt28, G24 14 clfA, clfB, icaA, icaD, trap, cap5K, sak, hla, hitha, spa-X, spa-lgG, agr, aur 3

55 | V55 J10, D7 14 clfA, clfB, icaA, trap, cap5K, chp, hla, hib, hitha, spa-X, spa-IgG, agr, aur 2

56 | V56 D6 14 clfA, clfB, icaA, icaD, trap, cap5K, chp, hla, hitha, spa-X, spa-1gG, agr, aur 1

57 | V57 Hrs4, SN3, AG6 14 clfA, clfB, icaA, icaD, trap, cap8K, hla, hib, hicha, spa-X, spa-lgG, agr, aur 3

58 | V58 SN14, B5, B19, AG17, G7, G10 14 clfA, clfB, icaA, icaD, trap, cap5K, hla, hlb, hidoa, spa-X, spa-lgG, agr, aur 6

59 | V59 B10 14 clfA, clfB, icaA, icaD, trap, cap5K, cap8K, hlaphtoa, spa-X, spa-lgG, agr, aur 1

60 | V60 B26 14 clfA, clfB, icaD, cap5K, chp, sak, hla, hlb, htda, spa-X, spa-lgG, agr, aur 1

61| V61 B27, C47 14 clfA, clfB, icaA, icaD, trap, cap8K, chp, hla, hitha, spa-X, spa-lgG, agr, aur 2

62 | V62 B43 14 clfA, clfB, icaA, trap, cap8K, sak, hla, hlb, httha, spa-X, spa-lgG, agr, aur 1

63 | V63 B55 14 clfA, clfB, icaA, icaD, trap, hla, hlb, hid, tsa, spa-X, spa-lgG, agr, aur 1

64 | V64 C11, G43 14 clfA, icaA, icaD, trap, cap8K, chp, hla, hib, hicha, spa-X, spa-1gG, agr, aur 2

65 | V65 G45 14 clfA, clfB, icaA, icaD, trap, cap5K, chp, hlb, hitha, spa-X, spa-lgG, agr, aur 1

66 | V66 C5R 14 clfA, clfB, icaA, icaD, trap, cap8K, sak, hla, hitha, spa-X, spa-lgG, agr, aur 1

67 | V67 C7 14 clfB, icaA, icaD, trap, cap8K, chp, sak, hla, hida, spa-X, spa-lgG, agr, aur 1

68 | V68 H16 13 clfA, clfB, icaA, icaD, cap5K, chp, hla, hid, cama-X, spa-lgG, agr, aur 1 13

69 | V69 B30 13 clfB, icaA, icaD, trap, cap8K, hla, hid, tst, cama-X, spa-lgG, agr, aur 1

70 | V70 Mt 4 13 clfA, clfB, icaA, trap, cap8K, sak, hla, hldac spa-X, spa-lgG, agr, aur 1

71| V71 J2 13 clfA, clfB, icaA, trap, cap5K, chp, hla, hllmac spa-X, spa-1gG, agr, aur 1

72| V72 J9 13 clfB, icaA, icaD, trap, cap5K, chp, hla, hid, capa-X, spa-lgG, agr, aur 1

73| V73 D9 13 clfA, clfB, icaA, icaD, trap, scn, hla, hld,agspa-X, spa-lgG, agr, aur 1

74 | V74 B1, G47, C46 13 clfA, clfB, icaA, icaD, trap, cap5K, hla, hid, cagpa-X, spa-1gG, agr, aur 3

75| V75 C13 13 clfA, icaA, icaD, trap, cap5K, chp, hla, hib, capa-X, spa-lgG, agr, aur 1

76 | V76 Gl1 13 clfA, clfB, icaA, trap, cap5K, hla, hib, hld, cama-X, spa-1gG, agr, aur 1

77| V77 G29 13 clfA, trap, cap5K, cap8K, chp, hla, hib, hld, cepa-X, spa-1gG, agr, aur 1

78 | V78 C50 13 clfA, clfB, icaD, trap, cap5K, chp, hla, hld, cama-X, spa-1gG, agr, aur 1

79 | V79 H44 12 clfA, icaA, icaD, trap, cap8K, chp, hla, coa, spasKa-IgG, agr, aur 1 2

80 | V80 C12 12 icaA, icaD, trap, cap8K, chp, hla, hild, coa, spasfa-lgG, agr, aur 1

81| v81l J4 11 clfA, icaA, cap5K, chp, hla, hib, hid, coa, spasia-lgG, agr 1 1

82 | v82 C15 9 trap, cap5K, chp, hla, hid, coa, spa-X, spa-lgG, 1 1

83 | V83 G16 8 clfB, trap, cap5K, hld, coa, spa-X, spa-lgG, agr 1 1
Total no. of isolate 157
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5. SUMMARY

Staphylococcus aurels an important pathogen causing heavy econontesaks to dairy industry mainly because of mastitishumans it causes severe
infections including superficial skin lesions, degpscesses and more serious infections such asnpn&y mastitis, meningitis, urinary tract infectso corneal
infections, arthritis, osteomyelitis, food poisogirioxic shock syndrome, endocarditis and toxinoBe organism is endowed with many virulence prioge and is
also showing increasing trend towards antibiot&istance. The organism shows variations in pheimo@pd genotypic properties and a vast variaticmgelbeen
recorded in their virulence over the passage aé.tim

The present study was undertaken with objectivettioly phenotypic properties &. aureusncluding growth on different media, colony chdeaistics,
haemolysis on blood agar, production of coagulastilie test, slime production, production, typimgl ditration of haemolysins, antibiotic resistamatern with
determination of minimum inhibitory concentratidliC) of some antibiotics including screening of MRS/RSA, beta-lactamase and ESBL activity. Theaureus
were also characterized forecAandblaZ gene including sequence analysisngfcAgene.

Molecular typing ofS. aureussolates was done witiep PCR. Genetic differentiation of isolates was carteld on the basis of genes associated with viralenc
such as adherence factocf4, clfB, icaA, icaD, adr agrl, agrll, agrV andtrap gene), antiphagocytic factacgp5Kandcap8K gene), exoenzymesda andaur
gene), immune evasion fact@p@-X, spa-lgG, chandscngene), staphylokinase as plasminogen activattorfgdgak gene) and toxin secretory systemta( hib, hid
andtst gene). Variations among the strains were detdayerkstriction fragment length polymorphism (RFlf)terns obtained fromlul digests ofcoa amplicons
andHinfl digest ofaur amplicons. Sequence analysis was also conduatesgpdeX sak aur andtst genes from some representative isolates.

In the present investigation, 517 samples weresc@t from various clinical and non-clinical sowwee. clinical infections of human, meat pieces, horse
wounds, pig nasal cavity, camel wounds, dog skiections, clinical infections of sheep and mastititk of buffalos, goats and catti€he overall prevalence &.
aureusfrom various human and animal origin was 30.3%/(857) with highest prevalence in human 43.75%8@bsamples and lowest in sheep 17.1% (6/35) and
pig 17.1% (2/11) samples. The genotypic confirnraind S. aureusvas done by polymerase chain reaction using spepecific 23S rRNA based primers with
1250bp size amplicon.

The colonies of all the 153. aureudsolates were round, smooth and glistening butctiler was variable as pale yellow 73 (46.5%), i8hitc0 (31.8%),
golden yellow 25 (15.9%), and mustard yellow 9 %) dn nutrient agar for after 24 h incubation at@@7n mannitol fermentation reaction, 153 (97.586)ates were
mannitol fermenter while four isolates (H1, SV4 B8# G2) did not ferment mannitol.

Coagulation production was shown by 153 (97.4%ntes while four (2.5%) isolates did not producagdase at 24 hour recording. Human plasma showed
the best coagulation reaction followed by plasnenficamel, poultry, sheep, goat and cattle in deargeorder. The analysis of coagulase reactiongesigd that
coagulation activity not only depended on sourckartterial isolate but on source of plasma as well.
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Slime production was exhibited by 145 (92.4%) iss8avhile 12 (7.6%) isolates did not produce iteialysis was shown by 94.90% isolates of which%8.8
exhibited complete haemolysis, 24.8% incompleteartigl haemolysis and 1.3% isolates showed bothpteter and partial hemolysis while 5.1% isolatesewer
ahaemolytic. In qualitative toxin assay, 75 (47.886)ates were detected as beta-toxin producerd 2hd77.1%) isolates were delta-toxin producehe fitration for
f toxin revealed titre between 1:5 and 1:320 andi&dta(d) hemolysin titre ranged between 1:5 and 1:40.

The antibiogram revealed that all isolates weresigga to meropenem, chloramphenicol and nitroftoam more than 85% isolates were sensitive to nine
antibiotic namely ampicillin+ sulbactum (96.2%), if@nem (95.5%), cefalothin (91.7%), piperacillirzgbactam (91.7%), tobramycin (89.8%), doxycycline
hydrochlorid (89.2%), ceftazidime+clavulanic AciiB(5%), oxacillin (87.3%) and polymxin-B (86.0%) vehmore than 95.0% isolates were resistant to eithpi
and penicillin-G. The isolates from different sascshowed highly significanp£ 0.01) variation in their resistance patterns f@raBtibiotics, significant variation
(p<0.05) for levofloxacin and nitrofurantoin, and rigréficant variation p > 0.05) for clindamycin. In the duncan multiplege test (DMRT) analysis maximum five
subsets were found for five antibiotic namely ckfgacefixime, cefixime+ clavulanic acid, imipeneand ticarcillin and four and less than four sulvgete found for
remaining antibiotics. In Bonferroni correctidB, aureussolates from human sources were significantlyalde with p<0.0001 probability level of variance with
other meat piece and animal origin sources for mbanhtibiotic. Isolates from horse, camel andgmgrces were non-significantly variable with eatiieo for most of
antibiotics and the isolates of sheep, goat, bufhald cattle were non-significantly variable witick other for most of the antibiotics.

On the basis of hierarchical ascendant clustelyaisalthe isolates were grouped into three clustee, cluster comprising of buffalo, cattle, sheagpgy and
goat, second cluster included horse, camel, meatemnd pig while third cluster included humanates. All three clusters had significant variat{pr0.05) among
each other. Overall lower resistance was recordeghimal isolates in comparison to human isolalée.S. aureudsolates from human sources (0.40) had highest
multiple antibiotic resistance (MAR) index and smas from camel (0.25), meat pieces (0.24), pig3)0ahd horse (0.21) had more than 0.20 MAR in desting
order. Other groups @&. aureudsolates of animal sources such as cattle, ddgalbugoat and sheep had less than 0.20 MAR asrithesl. In the individual isolate
MAR index, 66 (42%) isolates had 0.2 or more thahMAR index value and were comprised mostly of aarand meat piece isolates while 91 (58%) isoladels
less than 0.2 MAR index value with less risk sowt®MDR which were mostly animal origin isolates.

All isolates were subjected to minimum inhibitogncentration (MIC) determination for eight antiliéstin which average MIC for azithromycin was 73.40
mcg/ml, vancomycin was 1.22 mcg/ml, oxacillin wa824mcg/ml, gentamicin was 12.35 mcg/ml, ciproflgiravas 18.38 mcg/ml, chloramphenicol was 5.85 m&g/
ceftriaxone was 18.55 mcg/ml and average MIC fari@kin was 16.35 mcg/ml. The isolates from diet sources showed highly significapt{0.01) variation in
their MIC values for three antibiotics namely amitimycin, ciprofloxacin and penicillin, significamtiriation @ <0.05) for vancomycin, and no significant variatign
> 0.05) for ceftriaxone, chloramphenicol, gentamiand oxacillin. In the DMRT analysis maximum theedosets were detected for ciprofloxacin and twassts for
azithromycin, penicillin and vancomycin. In Bonfani correction,S. aureussolates from human and meat piece sources wgnifisantly variable withp<0.0001
probability level of variance with other animal giri sources for azithromycin, ciprofloxacin and jgélin. Hierarchical ascendant cluster analysisMifCs values
revealed three clusters with significant variatfprs0.05) among each other, one cluster comprisingifilo, cattle, sheep, dog, pig and goat isolatespnd cluster
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included horse, camel and meat piece isolates hild cluster included human isolates. Overall éoWIICs for studied antibiotics were recorded amangnal
origin isolates in comparison to human origin isega

Phenotypically, 85 (54.1%) isolates were detectednethicillin resistanS. aureustMRSA) by MeReSa agar base method and 19 (12.%%tates by
methicillin disk methods. Vancomycin resist&taureugVRSA) activity was detected in 52 (33.1%) isofatblaximum VRSA activity (100%) was found in sheep
isolates followed by horse 66.6 % (2/3), buffalo13% (12/21) and human 51.4 (18/35) isolates inehsing order but none of the isolates from pig,etaand dog
was found to be positive for VRSA activity. Beta&timmase activity was present in 142 (90.4%) isslafbe activity was shown by 100% isolates from Aonjmeat
piece, horse, pig and dog. Extended-spectrum betarhase (ESBL) activity was exhibited by 108 (88.&olates, with more than 85% isolates from hunpég and
camel.

ThemecAgene was detected in 37 (23.6%) isolates withlsiamplicon of 533bp with highest prevalence in hanfb1.4%) followed by horse (66.6%) meat
piece (40.0%) and camel (37.5%) while none of Huwates from pig, dog and goat ha&cA geneTheblaZ gene was found in 137 (83.3%) isolates with single
amplicon of 517bp. Isolates from human, horse, pége 100% positive. The sequence analysisne€Agene revealed non-significarg>0.05) variations, one
variation at 316 (cytosine replaced by adenine)itipos another at 378 (adenine replaced by thymipegition and additional 16 nucleotide insertion
(GGTACTGGCAGAAACA) from 467 to 481 position in ct(C12) sequence. Two distinct clusters with 02082aled distance were found in phylogenetic tree
analysis ofimecAgene sequences, first cluster included sequencatitd (C12) isolate and second cluster includegiences of remaining other isolates.

In the present investigation, 36 differeap patterns comprising in the range size from 3004@0bp with different arrangements of band size®wecorded
among all 157 isolates gp-PCR with 0.8892 discriminatory index (D.l.). Thiscriminatory index indicated good differentiatioof S. aureussolates byep PCR.
One pattern (rep33) was most common with 47 catitk goat isolates. In the source-wise analysiepfpatterns, human isolates were differentiatenl imhximum
rep-profiles (16 rep-profiles) indicating more \&ions while sheep isolates were grouped onlyomi rep-pattern (repl7) indicating no variationscdptionally one
isolate (J9) from camel was non-typeable with r§RPIn phylogenetic cluster analysis, all 36 refigras were divided into five clusters on the ba$i80% genetic
similarity. First cluster was made up of sevenasss (mostly from buffalo and dog), second clustenprised of six human isolates, third clusterudeld 29 isolates
(mostly from human and meat piece, and one eaah li@rse, pig and camel) fourth cluster comprisedlloisolates (human, meat piece and few of sheebaffialo)
and fifth cluster included 73 isolates (mostly froattle, goat, buffalo, and few from dog, camel araht piece). The cluster analysis indicated thadtrof the animal
isolates were separately clusterébiaihd V" cluster) in comparison to human and meat piedatas

Of the total 157 isolates|fA andclfB genes were detected in 148 (94.3%) isolates witllesamplicon of 1000bp and 205bp, respectiveiyth@IfA andclfB
genes were absent in nine (5.7%) isolates.

TheicaA gene was detected in 150 (95.5%) isolates wittb3bf single amplicon while absent in seven (4.%6kates. ThécaD gene was present in 144
(91.7%) isolates in duplex PCR withaZ gene while absent in 13 (8.3%) isolates. Trap gene was detected in 154 (98.0%) isolates wittbp@f single amplicon
while absent in three (2.0%) isolates.
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Except one isolate (H24) all other 156 isolatesensuccessfully typed withgr genes typing system. Tregrl was detected in 63 (40.1%ggrll in 42
(26.8%),agrlll in 27 (17.2%) andagrlV was detected in 24 (15.3%) isolates with 448{5bp, 323bp and 659bp of single amplicon in midkFPCR.

Among all studied adherence geragg was most prevalent (99.4%) followed tygp, icaA, clfA, clfB andicaD in decreasing order. Polymorphism was not
detected in any of the studied adherence genégipresent investigation.

In the present study duplex PCR was developedtertboth capsular geneap5SKandcap8K) in a single reaction. Theap5Kgene was found in 73 (46.5%)
isolates with single amplicon of 361lgap8Kin 59 (37.6%) isolates with 173bp amplicon and kgghes were found in 22 (14.0%) isolates. Threlatss (D9, B55
and C34) were non-typeable in capsular typing. ddygbK gene was more prevalent among all studied so@xespt meat piece, in whictap8Kgene was more
prevalent. None of the dog isolate carrep8Kgene.

All S. aureussolates were found to be positive tmragene with nine amplicon sizes varying from 50@@0bp, which included four isolates of 500bp, seven
of 550bp, 18 of 600bp, 21 of 650bp, 74 of 700bgheof 750bp, 12 of 800bp, two of 850bp and 1lated of 900bp with 0.7353 discriminatory index. Thagene
amplification was found to be suitable for isoldifferentiation with good discriminatory index. Allolates could be digested wigthul except nine isolates namely
three isolates (H41, B21 and G46) of 700bp amplione isolate (B34) of 750bp amplicon and fivease$ (B27, B43, B46, C2R and C5R) of 800bp amplighicth
indicated the absence of specific cutting siteMtl. The RFLP ofcoagene withAlul revealed 33 different coa-RFLP patterns with 0B8iscriminatory index. The
coaRFLP was found better method to differentiateisgraf S. aureusn comparison taep-PCR method (D.1.-0.8892). In phylogenetic clustealysis, all 33 coa-
RFLP types were divided into three clusters onlgs of 80% genetic similarity First cluster waadm of 65 isolates (mostly from animal isolatesepkdew from
human and meat piece), second cluster compris8@ @folates (mostly from human and meat piece @Xespfrom other animal sources), third clusteruded 10
isolates (five from human and meat piece and fivenimal origin).

In present investigatioaur gene was found in 152 (96.8%) isolates with sirghplicon of 1526bp while five (3.2%) isolaies. Mt22, J4, B46, G16 and C15
were detected without this gene. Three differemRIeLP typed.e. Al (50bp, 150bp, 200bp, 1000bp), A2 (50bp, 65@HDbp) and A3 (50bp, 100bp, 140bp, 480bp,
700bp) were found among studied isolates Wittfl digestion. Among all aur-RFLP types, A3 type uraéd 119 isolates with highest prevalence (78.3gvwed by
Al type with 17 (11.2%) isolates and A2 type ingddL6 isolates with lowest prevalence (10.5%). Sowise analysis revealed that human isolates getbto all
three aur types while horse, pig, camel, dog, sla@elpcattle isolates belonged to only A3 type. Mi@ate and buffalo isolates belonged to A2 and yu&$ and goat
isolates belonged to A1 and A3 types. Three clasteggre found during phylogenetic cluster analysiSoaureusaur-RFLP types at the level of 80% genetic
similarity. First cluster was made of 17 isolate®$étly from human except two from goat), secondtelucomprised of 16 isolates ( 11 human, four rpeate and
one buffalo isolate) and third cluster included 14&ates (95 animal origin, nine human and 15tnpéece isolates). In sequence analysis of abovautZyene
samples, overall more than 200 nucleotides and tloeiesponding amino acid variations were recomteghrious positions. The big gaps or deletionsevabserved
from 641 position to 679 position in all studiedjgences. Except in one isolate (J18), sequencewvitlasut gap and in isolate G2 with only two gaps &oth these
sequences belonged to aur-RFLP typeA3. These nuohineicleotide variability could be considered asssive variations among studied sequences. It wasaund
that, sequences from similar RFLP patterns haddiéf&sence in comparison to those from other patteThese sequence variations were non-signifiget.05) in
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within aur-RFLP type but variations were found #igant (p<0.05) with each other in between aur-RFLP typerdpanalysis of codon based test of neutrality. &hre
clusters were observed during phylogenetic tredysisaof aur gene sequences of present study and further esl/é@t aur-RFLP type Al, A2 and A3 classified in
separate clusters and Al and A2 types were mosechs compared to A3 type.

The immune invasion genes namehpandscnwere detected in 114 (72.6%) and 40 (25.5%) ieslatith single amplicon of 404bp and 320bp, retbhpey.
Most animal isolates were found to be negativecfgrgene except horse, pig, camel, dog and cattlatesal Similarly, most of animal isolates were negdior scn
gene while most of human and meat piece isolates pasitive for botlthpandscngenes.

All isolates were found to be positive fgpa-lgGgene with three polymorphic (600bp, 750bp and §%@and patterns. Out of total 157 isolates, 1447®)
were positive with 950bp, nine (5.7%) with 650bpul &our (2.5%) isolate with 600bp amplicon size lases from meat piece, pig, camel, dog, sheep atitk avere
positive with only single band pattern (950bp) wHiuman, buffalo and horse isolates had two battdrpai.e. 750bp and 950bp and 600bp and 950bp, respectively
and goat isolates showed three band patterns (6@6bpp and 950bp).

The spa-Xgene was detected in 100% isolates with nine poifghic bands ranging from 150bp (4 repeats) to B8QH repeats), which included one isolate
of the 150bp, two of 170bp, five of 180bp, 15 0DBP, 53 of 250bp, nine of 280bp, 56 of 300bp, 185Gbp and one isolate of 380bp. Hp&-Xgene amplification
was found to be suitable for isolate differentiatiwith good discriminatory index value (D.l. =0.7300f the 157 isolates, 134 (85.3%) isolates hadenthan 7
repeats while only 23 (14.6%) isolates had lesa #even repeats. In sequence analysis of 23 repatise isolates fospa-Xgene, only 37 nucleotides from 245
nucleotide position to 350 nucleotide position wkrend to be similar. Massive variations were digt@drom position 1 to 390 aligned position amohgstaudied
sequences. Large overhanging flanks and big gap feend at starting and end sides in sequencesaitedi more or less repeats in sequences accoodihgit bigger
and smaller amplicon sizes, respectively. One tégrition of 24bp was observed between 192 and @dkatide position in B39 isolate and other bigeitisn of
24bp was detected in between 264 and 288 nucleptisiéion in the G29 isolate. This 24bp insertidifferent nucleotide sequence indicated one ckffie repeat in
corresponding sequence. Mostspi-Xsequences were significantly<0.05) different from each other with some of nagnfficantly (>0.05) associated sequences.
Phylogenetic tree analysis sppa-Xgene sequences revealed five separate clustersyestudied sequences, first cluster included 1fatss namely H48, Mt9, H21,
AG13, H30, Mt15, G1, Hrs3, Mt20, J2, B34 and H41ha).0101 scaled distance, second cluster incledgd isolates namely B39, C17, C41, B1, C26, C&land
J9 with 0.0555 scaled distance. Third, fourth &fitl €ach cluster included single isolate namely &5 and G29 with 0.1089, 0.1844 and 0.2219 saiikdnces,
respectively. On the basis of discriminatory indedue,spa-Xgene amplification (D.l.- 0.7407) was found mouitable method to differentiate varios aureus
isolates in comparison tmwagene PCR amplification (D.l.- 0.7353) ltaRFLP method (D.1.-0.9301) was more precise toedéfitiate different strains & aureus
in comparison teep-PCR method (D.1.-0.8892) amspa-Xtyping (D.l.- 0.7407).

Out of 157 isolates, 79 (50.3%) isolates were fotntde positive fosakgene with single amplicon of 403bp. Most of thenlan (80.0%) and all (100.0%)
meat piece isolates were positive while most omatiisolates were negative. The sequence analysakogene revealed 21 non-significap0.05) nucleotide
variations. The sequences of B34 (buffalo) and dag) were found more closer as compared to othEnaever, these two sequences (B34 and D4) carrest of
the variations from other studied sequences whiletfiers only one nucleotide variation (adenindagal by guanine at 8&ligned nucleotide position) was found in
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H21 and H37 human isolate. Three distinct clustegse found in phylogenetic tree analysis, firststdn included sequence of buffalo (B34) isolateassied with
0.012 scaled distance, second cluster comprisindpgf(D4) isolate separated with 0.006 scaled mitgtaand third cluster was made up of remainingrasegen
isolates (Mt28, SN4, C29, H21, H2, G24 and H37).

Out of the toxin associated genblg gene was detected in 155 (98.7%) isolates withlsiamplicon of 534bp while only two isolates (Gditd G45) were
found to be negative fdila gene. Théilb gene was observed in 94 (59.9%) isolates withisiagplicon of 833bp. Maximum prevalencehdif gene was recorded in
camel (87.5%) isolates while minimum presence wasd in meat piece (35.0%) isolates. Higgene was detected in 150 (95.5%) isolates withlesiamplicon of
111bp (Fig. 52) while seven isolates were negaiitetst gene was detected only in 19 (12.1%) isolates sittgle amplicon of 350bp. In the toxin associajedes,
hla gene was detected with maximum prevalence folloyeuld, hlb andtst genes in decreasing order.

The sequence analysis of $stgene isolates revealed 12 non-significant (0.05) nucleotide variations in isolates. Theuseges of B29 (buffalo) and H21
(human) were found more closer compared to othemnalysis, it was detected that H21 and B29 ieslaarried A, G, AT, C, C, C and G while all atsequences
carried G, A, G, G, T, T, T and T af',711", 71", 72" 76", 93" 165" and 288 nucleotide positions, respectively. In other, ssmes variations were at only two
nucleotide positionse. one gap at 5position in AG10 isolate while other sequencesrguadenine and second variations at"8sition in J15 isolate which had
adenine while other had cytosine. Two distinct tetsswere formed in phylogenetic tree analysig tigster included sequence of buffalo (B29) ancha (H21)
isolate separated with 0.0128 scaled distance @ttrars and second cluster comprised of two subidigsof which first included cattle (C2), sheep £3Vand goat
(AG10) separated from second which included cadi)(with negligible 0.0055 distance.

Total 83 virulotypes were detected among 157 isslat the present study on the basis of presenabsamce of 19 various virulence factor associgésks
(clfA, clfB, icaA, icaD, trap, cap5K, cap8K, chpnssak, hla, hlb, hid, tst, coa, spa-X, spa-lgGr, ayr). All 19 genes were present in virulotypel (V1)ieth
included one human (H3) isolate. Virulotyping reteelathat out of 157 isolates, more than 110 iselatere positive with more than 15 genes while tiwadotypes
V81, V82 and V83 had 11, nine and eight genes winicluded J4, C15 and G16 isolate, respectively.
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ANNEXURE

Agarose solution (1.2% and 0.8%)
To preapare 1.2% agarose, 1.8 gm of agarose wam\did in 150 ml of 1 x TBE.
To prepare 0.8% agarose solution, 1.2 gm of agavaseadissolved in 150 ml of 1 x TBE.

Alcohol (70%)
In 70 ml of absolute alcohol 30 ml of double gldssilled water was added to prepare 70% alcohol.
Alsever's solution

Dextrose 20.50 g, sodium citrate 8.0 g, citric d&i6b g, and sodium chloride 4.20 g were dissolwe®D0 ml of glass distilled water. The pH of tludion was adjusted to
7.1 and final volume of the solution was made titré then, autoclaved at 121 for 15 minutes and stored in refrigerator unsi:u

Ammonium chloride (0.17 M solution)
The required solution was prepared by dissolviag 4m of ammonium chloride solution in 500 ml oftdied water. It was then autoclaved.
Assay Buffer for Tag DNA polymerase (10X)

1000 mM Tris HCI (pH, 9.0)
15 mM MgCh

500 mM KClI

0.5 % Gelatin

Cetyltrimethylammonium bromide (CTAB, 10%)

Cetyltrimethylammonium bromid@5 g) was dissolved in 200 ml of distilled waded the final volume was made up to 250 ml by Ithstiwater.

Chloroform : Isoamyl alcohol (24:1)
For preparing 500 ml, an amount of 480 ml of chiorm was mixed with 20 ml of isoamyl alcohol wased.
DNA Extraction Buffer (DEB)

Quantity of stock required to
Chemical Stock Working make 100 ml of working DNA
extraction buffer
Tris HCI pH-8.0 1M 100 mM 10 ml
EDTA pH-8.0 5M 20 mM 4 ml
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NaCl 4 M 14 mM 35 ml
CTAB 10% 2% 20 ml
Water 31 ml
200ul added @ 2ul/ml to the DEB

just before use

B-mercaptoethanol 0.2%

EDTA (0.5 M), pH- 8.0
To 800 ml of distilled water 186.1 g of disodiutt@ene diaminetetra acetate ZHwas added and shake vigorously on a magnetrersfor several hours. The pH was
adjusted to 8.0 with 1.0 N NaOH, dispensed intqualts and sterilized by autoclaving.

Ethidium bromide solution

Stock solution was prepared by using 5 mg ethidimomide per ml of TBE working solution. Working atibn was prepared in the concentration range ®fl0mg/ml using
TBE working solution.

Gel loading dye (10 x )

Bromophenol Blue 0.25¢
Xylene cyanol 0.25¢
Glycerol (50%) to make 100 ml

Lysozyme solution (3 mg/ml)
15 mg of lysozyme was dissolved in 5 ml of distill@ater and stored at —ZDuse.
McFarland 0.5 Turbidity Standard

Solution A (0.048 M Barium chloride): 1.75 g of idam Chloride (BaGl.2H,0) is dissolved in 100 ml distilled water.
Solution B ( 0.36 N Sulphuric acid).0 nl H,SQ,is diluted in 100 ml of distilled water.
Working solution is made by adding thbof solution A and 99.5 ml of solution B. Stdredark at room temperature and replace 3 monties pfeparation. The turbidity
standard should always be agitated before use.

B-Mercaptoethanol (BME)
It was obtained as 14.4 M solution and storeddiark bottle at 4°C.
Nitrate test reagent

Solution A : Suphanilic acid soluction 0.8% w/v {rtiedia)
Solution B :[0 - Naphthylamine solution (Hi-media)

Oxidase reagent
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Tetramethylene-p-phenylene diamine dihydrochledii® mg was dissolved in 10 ml glass distilled wate
Phosphate buffer saline (1 %)

Solution A ; Sodium diphosphate 1.4 gm
Distilled water 1000 ml

Solution B : Sodium dihydrogen 1.4 gm orthophosphate
Distilled water 1000 ml

An amount of 84.1 ml of solution A and 15.9 ml efigion B were mixed nad 8.5 g sodium chloride \wdded. The volume was made to 1000 ml with distilleater and
autoclave it at 15 Ib (12€) for 15 min.

Proteinase K solution
In 1 ml of distilled water 10 mg proteinase K veissolved and stored at 20
Tris (0.5M)

In 800 ml of distilled water 4.44 g of Tris Hcl a@db5 g of Tris base/ buffer was dissolved andptHevas adjusted to desired value. The volume wers #djusted to 1000 ml,
dispensed in aliquots and sterilised by autoclaving

TBE (Tris Borate EDTA ) Buffer, pH 8.2
Stock solution  (5X)

Tris base 54.0 gm
Boric acid 27.5gm
Disodium EDTA (0.5M) 20.0 ml

Triple distilled water 1000ml
Working solution (0.5X)
One hundred ml stock solution of TBE buffer wissolved in 900ml of triple distilled water prepahe working solution of 0.5x TBE buffer.
Working solution (1X)
One hundred ml stock solution of TBE buffer wassdived in 400ml of triple distilled water prep#ine working solution of 1x TBE buffer.
TE Buffer
20ml of 0.5 M Tris (pH,8.0) was added to 200 u0d& M EDTA pH, 8.0 and the volume was made up 1
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ABSTRACT

The present study was aimed to find genetic vdifgl@imong Staphylococcus aureusolates from various clinical and non-clinicaliraal and human settings in relation to some vircéefactors and antibiotic
resistance pattern including their associated gédiethe 517 samples processed from, various dirsind non-clinical sourcesz. clinical infections of human, meat pieces, horseimds, pig nasal cavity, camel wounds, dog skin
infections, clinical infections of sheep and mastihilk of buffalos, goats and cattle, overall prance ofS. aureusvas 30.3% (157/517) with highest prevalence in &u3.75% (35/80) samples using species-specific 23
rRNA based primers with 1250bp size amplicon. lemitypic characterization, four types of colonies pale yellow (46.5%), whitish (31.8%), golden gell (15.9%), mustard yellow (5.7%) were obtainednatrient agar,
97.5% isolates were mannitol fermenter while 2.5&tates were non-fermenters, 92.4% isolates pradsicae while 7.6% did not. Free coagulase wasured by 94.2% isolates produced while 5.7% isoldig:®iot produce it.
Human plasma showed the best coagulation reatti@a@amolysis was shown by 94.90% isolates of whicB%8exhibited complete haemolysis, 24.8% incomplg@rtial haemolysis and 1.3% isolates showed bothplete and
partial hemolysis while 5.1% isolates were ahaetimlin qualitative toxin assay, 75 (47.8%) isotateere beta-toxin produce and 121 (77.1%) isolate delta-toxin producers. TRdoxin titres were recorded between 1:5 and
1:320 and delt#d) toxin titres between 1:5 and 1:40. In antibiogram studiese than 95.0% isolates were recorded resistaatripicillin and penicillin-G while approximatel\0@% isolates were sensitive to chloramphenicol,
meropenem and nitrofurantoin, more than 85% isslatere sensitive to ampicillin+ sulbactum, cefalaticeftazidime+ clavulanic acid, doxycycline hydn@ride, imipenem, oxacillin, piperacillin+ tazaitam, polymxin-B and
tobramycin. Isolates were detected with highly gigant (p<0.01) variation in their resistance patterns foraB#biotics, significant variatiorp£0.05) for levofloxacin and nitrofurantoin, and rigrsficant variation p>0.05) for
clindamycin. The isolates were grouped in to threearchical ascendant clusters on the basis dfiagtam, one cluster comprising of buffalo, catdkeeep, dog and goat, second cluster include@ hcasel, meat piece and pig
while third cluster included human isolates. Hunigolates had highest (0.40) MAR index. Sixty si2%d) isolates had 0.2 or more than 0.2 MAR indexlevBil (58%) isolates had less than 0.2 MAR indeéhe MIC for
azithromycin was 73.40 mcg/ml, for vancomycin 1r@@g/ml, for oxacillin 4.92 mcg/ml, for gentamicir2.B5 mcg/ml, for ciprofloxacin 18.38 mcg/ml, forletamphenicol 5.85 mcg/ml, for ceftriaxone 18.55g/nal and for
penicillin 16.35 mcg/ml, with highly significanp£0.01) variation for three antibiotics namely azitiycin, ciprofloxacin and penicillin, significanasation <0.05) for vancomycin, and no significant variatige»0.05) for
ceftriaxone, chloramphenicol, gentamicin and oXacih all isolates. Phenotypically, 54.1% and PA.isolates were identified as MRSA by MeReSa agaelmethod and methicillin disk methods, respdgtivihe Beta-
lactamase production, ESBL and VRSA activity watedeed in 90.4%, 68.8% and 33.1% isolates, respdytiThemecAandblaZ genes were found in 23.6% and 83.3% isolates siitgle amplicon of 533bp and 517bp,
respectively. Non-significant variations were retat in the sequences analysisnafcAgene.

Thirty six differentrep patterns were obtained which, comprising of 300460bp band sizes with different arrangementsCaB892 discriminatory index. The patterns werepgsal into five clusters at 80% genetic
similarity level and most of the animal isolatesrevseparately clustered it and V" clusters in contrast to human and meat piecetesolin adherence gene#fA (1000bp) andIfB (205bp) were found in 94.3% isolatésaA
(1315bp) in 95.5%icaD (381bp) in 91.7% anttap (504bp) was found in 98.0% isolates. Except onkateqH24) all were typeable withgr typing system, in which 40.1%, 26.8%, 17.2% an@%bwere typed aagrl, agrll,
agrlil and agrlV with 441bp, 575bp, 323bp and 659bp of single Brop in multiplex PCR, respectively. In capsulengs, 46.5% 37.6% and 14.0% isolates carcagubK (361bp),cap8K (173bp) and both genes while three
isolates (D9, B55 and C34) were negative for anthe$e genes. In exoenzyme geres,gene was detected in 100% isolates with nine amplsizes varying from 500 to 900bp. Thirty thr8ed#ferent coa-RFLP patterns were
obtained with 0.9301 discriminatory index. All cB&LP types were grouped into three clusters at §6fetic similarity. Thewur gene (1526bp) was found in 96.8% which, compridfettiree different aur-RFLP types (Al, A2
and A3). In sequence analysis of aboveall?2 gene samples, overall more than 200 nucleotidettaid corresponding amino acid variations weremed at various positions. Significap(.05) variations were recorded in
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sequence analysis between aur-RFLP types with oticddevariations at more than 200 positions andRitltP types were classified in separate clustephiriogenetic tree analysis afir gene sequences. The immune invasion
genes, 72.6% and 25.5% isolatesriedchp (404bp) andscn (320bp) genes, respectively. Tsga-lgGgene was found in all isolates with three polynhied600bp, 750bp and 950bp) band patternsspadXgene was detected in
100% isolates with nine polymorphic bands (D.I74D7) ranging from 150bp (4 repeats) to 380bp €bkats). The 85.3% isolates had more than 7 repédts only 14.6% isolates had less than sevenatspdlost ofspa-X
sequences were significantly<0.05) different from each other with large overhagdlanks, 24bp big insertion and big nucleotid@g Five separate clusters were detectepanXgene sequences in phylogenetic tree analysis.
The sak(403bp) gene was found in 50.3% isolates. Twenty mon-significantg>0.05) nucleotide variations were recordedgakgene sequence analysis which, revealed threadislusters in phylogenetic tree analysis. Most
of isolates of animal origin were deficientdakandscngenes. In genes for toxins, 98.7%, 59.9%, 95.5861211% isolates carridda (534bp),hlb (833bp) hid (111bp) andst (350bp) genes respectively. Tis¢gene sequence
analysis revealed 12 non-significapt0.05) nucleotide variations in isolates with twstishct clusters in phylogenetic tree analysis.al &3 virulotypes were detected among 157 isolatethe basis of presence or absence of
studied 19 various virulence associated genes1®tenes were present in virulotypel (V1) whidatiuded one human (H3) isolate while three virulety|¥81, V82 and V83 had 11, nine and eight genéshwhcluded J4, C15
and G16 isolate, respectively.
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Fig. 52: Detection of hld gene among S. aureus isolates

M- 20bp Molecular Marker

Well No. 1-6: Positive for ild gene
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Fig. 53: Detection of #st gene among S. aureus isolates

M- 100bp Molecular Marker

Well No. 1-6: Positive for #sz gene
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Fig. 47: Phylogenetic tree analysis of sak gene
sequences of the present study
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Fig. 49: Phylogenetic tree analysis of sak gene sequences of
present study with reference sequences of NCBI database
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Fig. 39: Detection of chp gene among S. aureus isolates

M- 100bp Molecular Marker
Well No. 1-8: Positive for chp gene
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Fig. 40: Detection of spa-IgG gene among S. aureus isolates

M- 1kb Molecular Marker

Well No. 1: spa-IgG gene Positive with 750bp size

Well No. 5: spa-IgG gene Positive with 600bp size

Well No. 2, 3, 4, 6, 7: spa-IgG gene Positive with 950bp size
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Fig. 34: Phylogenetic cluster analysis of various aur-RFLP patterns of S. aureus isolates
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M- 1kb Molecular Marker
Well No. 1-7: positive for aur gene

M1- 50bp Molecular Marker

M2- 100bp Molecular Marker

M3- 20bp Molecular Marker

Well No. 1-3:A1 type aur-RFLP pattern
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Fig. 32: Detection of aur gene among S. aureus isolates
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Fig. 28: Detection of cap5K and cap8K genes among S. aureus Fig. 29: Detection of coa gene among S. aureus isolates

isolates by Duplex PCR
M- 100bp Molecular Marker

M- 100bp Molecular Marker Well No. 1-13: coa positive with variable band sizes
Well No. 1, 6, 8, 10, 11: Positive for cap8K gene

Well No. 3 and 4: Positive for cap5K gene

Well No. 2, 5,7, 9, 12: Positive for both (cap5K and cap8K)genes
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Fig. 24: Detection of clfB, scn and sak genes among S. aureus isolates by Multiplex PCR

M- 100bp Molecular Marker
‘Well No. 1-14: Variable presence of clfB (205 bp), scn (320 bp) and sak (403 bp) genes in S. aureus isolates

Well No. 1, 3,5,7,9,10, 12, 13, 14: Positive for all three genes 500bp

Well No. 2, 8: Positive for clfB gene . . . .

Well No. 4, 6: Positive for clfB and scn genes Fig. 25: Detection of icad gene among S. aureus isolates
‘Well No. 11: Positive for sak & clfB gene M- 500bp Molecular Marker

Well No. 1-6: Positive for icad gene
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Fig. 22: Various rep-patterns (repetitive element sequence-based PCE
of S. aureus isolates

M1- 1kb Molecular Marker
M2- 100bp Molecular Marker
Well No. 1-11: rep- patterns in S. aureus isolates
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Fig. 15: Detection of mecA gene among S. aureus isolates

M- 100bp Molecular Marker
Well No.1-7: mecA gene positive isolates

0-00948 m
0-0P%%2 m
0.0022 0.0 ?‘?I’S3 M

00004 4 M
0-0P%) m

Ffaf o B V.1

Fig. 16: Detection of blaZ and icaD genes among S. aureus
isolates by Duplex PCR

M- 100bp Molecular Marker
Well No.3: blaZ gene positive isolate
Well No. 1, 2, 4-8: blaZ (517bp) and icaD (381bp) genes positive isolates
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Fig. 12: Hierarchical ascendant cluster analysis of MIC for S. aureus isolates
using SED and the between-groups linkage method.
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Fig. 8: Titration of delta (§) hemolysin toxin produced by S. aureus isolates
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Fig.5 Slime Production in S. aureus isolates grow on Congo Red Agar

Fig. 4: Coagulation reaction of S. aureus isolate
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Fig.1: 23r RNA based species specific genotypic
confirmation of S. aureus isolates
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Fig.2: Staphylococcus aureus isolates growth on Nutrient Agar




