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sunuUBugnulu MRSA-ST398-t034 Wil snviu 1 WeillsiwuBu spa e MRSA nnidefinutansmsiesduga
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Abstract:

The study aimed to detect distribution and characterize genotype and antimicrobial
susceptibility of methicillin-resistant Staphylococcus aureus colonizing pigs and swine workers in
central Thailand. MRSA were recovered from 59 of 607 (9.72%) pig samples with 37.03% herd
prevalence (10/27 farms) and from 3 of 38 (7.89%) swine workers. Of 63 isolates, MRSA carried
staphylococcal cassette chromosome (SCCmec) V (n=41), SCCmec X (n=9), a SCCmec composite
island (n=12) and non-typeable SCCmec (n=1). SCCmec IX was associated with MRSA-ST9-t337,
MRSA-ST398-t034 and MRSA-ST4576-t034, a new single locus variant of ST9. Other SCCmec were
carried by MRSA-ST398-t034 only, except one negative spa amplification. The isolates exerted
multidrug resistance and carried common resistance genes found in livestock-associated MRSA
such as (sa(F), (nu(B), cfr, fexA, vga(A) and spw. With molecular characteristics, resistance and PFGE
patterns supported evidence of pig-to-human transmission and spreading in pig production chain.
This is also the first findings of MRSA-ST398 distributing in swine herds and workers and presence
of multidrug resistance ¢fr in MRSA-ST9 in Thailand. Minor variation of molecular features and
resistance gene carriage in both STs represented heterogenous population and evolution of
endemic clones. Monitoring program and farm management with prudent antimicrobial uses are
needed to reduce the emergence and spreading. Together, strict hygiene and personal protection

are necessary to prevent the acquired LA-MRSA.

Keyword: Central part, Thailand, MRSA, Pigs, Swine workers



Y A

UNATURUTANS

u

(Executive summary)

Muwazanuddyvaslaym

e w

Methicillin-resistant Staphylococcus aureus (MRSA) L“TJuLLUﬂﬁL%‘EJﬁyaEJ W‘Uﬁﬂﬁﬁﬂ'ﬂmmmg
lFiAansAndeunsndouuuaislemauaznindensdugadnlunisineidulfedisdiia
(Rodvold and McConeghy, 2014) m'ﬂ%’méimf\;a%wiumwamﬁ@ﬁmﬁ%uﬁﬁwﬁqﬁﬁm%’aﬁumi
gURveadeuuaiiduiem MRSA fifisrfesiuumdniude livestock-associated MRSA (LA-MRSA)

o

feimsnszanedudunguaneiudumeiitioginlan (Barton, 2014) ansdninduumesdalsanils
09 LAMRSA wasiduunasivihlfifnmsdssumndan Tnsanigfidoansuazyanalunseundy
swisnsuudevluomsnnudndasianidognsviilideriundsfusiaelg (vestersaard et al,
2012) LAMRSA  fnguanefiugduunlaginaila multilocus  sequence  typing  (MLST) iid

AUz sequence type (ST) 398, ST9 way ST49 vusi (Cuny et al., 2015; Overesch et
al,, 2011) uenaNMsAEEINGY P-lactams U&d LA-MRSA ﬁnﬁ@mauﬁﬁmsﬁamﬁmqa%wmmwﬁﬂ
mnmime,avavaumiwuﬁmsmLﬂaaumﬂLm (mobile genetic element %38 MGE) 71 fifumenn
wazsi niuaiadilaimdy MRSA @esugiinulusnud MRSAST398 Snssisaunausnlulszma

HiuaauazAaundinenuivunulugeannssunisidesgnsludssinaiiagnilans innsluniy
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gLy Mivasnumile wilunivedenuldiiussmeanivals Snvsdelinefinsseaunsnuluagns

Tuusswelnoundeuntini daw MRSA-STO  Wunguaneiugiitinnsunsnszansluussmeuauviu

Wiy lawn Ju geens lawiu uade wazlve (Chuang and Huang, 2015) 21nN1551891UABURTN
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Tudszmelne wus MRSA-ST9 Tugnsuazidesgnsinamilenasnz Jusenideaumile (Anukool et
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al., 2009; Larsen et al., 2012; Patchanee et al., 2014; Sinlapasorn et al., 2015) LALNUNISRALYD
Tugthsuenuanstianmanseanevaadisluguyy (Lulitanond et al., 2013) MRSA-ST398 fin3318911

n1snui@sluaunazgivludsemalnaiituuazddiiasfiseauundsiunaindadnd

(Chanchaithong et al,, 2014; Li et al., 2011) wamanatswasUsziwalneiduwnasgnannssuns
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Staphylococci 1unuafiiaunsuuingusanau (gram-positive bacteria) flafeaguu
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MRSA  iunuafiSeresnfigtRtundaninn1slien methicilin - Fafiu penicillinase-resistant
penicillin (Hiramatsu et al,, 2001) LLazLLammiéa@iaa'ma;u B-lactam ynwila wun1snsEenay
ssualulsanerunasiilmfnnisiadelulsmeruna (nosocomial infection) 13andn hospital-
acquired MRSA (HA-MRSA) mumﬁastswumiizmﬂ“qumu community-acquired MRSA (CA-

U

MRSA) (Naimi et al., 2003) Uqamf‘a”ﬂL%uLLwéﬂ%ﬂiwﬁaﬁuawﬁa MRSA wazanauawsuainishin

¥

Wald wu lsamuusnaulula wazdenesniauludniln (Vanderhaeghen et al., 2010) nswuLde
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donifludadaiiufieonuddludsasisag Inedeo MRSA fuenldanuadaifiametugannnis
Suunmetugnssuiilenudime Fond ivestock-associated MRSA daifumssuunaneiugues
o MRSA Seflanudifglunssuunundsfiinveadeludsszsniaingt (Cuny et al, 2010) LA-
MRSA SimsmssuadausnangnsludssmedSamauazanundesgannuaeUssmeilanly
aranfionagadts 99% fafugnsiedaduundsidlsaniiaenio MRSA uasduundsivinliAnms
unsnsvareveatoludaunndemvesiniuardwinsndeuiiRnuluridy (Armand-Lefevre et al,
2005) Uszineluiaunivelelimsseauny MRSA-STY Wuaneiusndnmiufiasemelnauwasny
luguiiRauluvhsuanseeuiu (Chuang and Huang, 2015; Larsen et al,, 2012; Patchanee et
al.,, 2014; Sinlapasorn et al., 2015)

Augnveatio MRSA Inuldlugnsfinnuudsiulalugas 0.9-99% uarlugidesans 0-45%

(Broens et al., 2011; Conceicdo et al., 2017; Crombé et al., 2012; Khanna et al., 2008; Larsen



et al,, 2012; Patchanee et al., 2014; Smith et al., 2009) n1swuidie MRSA ludidesgnsatanulalu
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Anugniigate 80% Tuwrsugnsidunive (Cuny et al, 2009) nsasavfnmuedseiiiedlugnsi
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wihluriunszuaunshuvasanmsinululssmeainme Suaudnunaynifingeduie 3 wily
seu81901 2 T (Overesch et al, 2011) feilgsgnsfifivualug nsfamawiuwuuaes
Jaduivilinummynues MRSA galugeans (Alt et al, 2011) safamsdsgnsfifummngroade
MRSA whsaadiutiadivinliAnnsunsnszateves MRSA-ST398 Tursasnsuanens (Broens et
al, 2012; Broens et al,, 2011) msdwnailanseg@iinewildlunsesuiessuininendaluana
18980 MRSA uvsrluilundvesnsnsafinnurhlinsunmsseun undedinn wagdaunis
yo9de wada multilocus sequence typing (MLST) 81f8n159 1M UNATLLANAINUBNA N UES
WugNSUVRBY arcC, arok, glpF, ¢mk, pta, tpi wag yqil (Enright et al., 2000) yilvnsuanewug
voulisluguuuy sequence type (ST) Tlanansadtuun ST MAeitesiumauadnd ldun ST398,
STO7 waw ST9 fu ST1 Tnmnuywdnsgaeiuufiluansfideddushdy (Battisti et al, 2010)
MIIUUNFULUU spa @ 1ABANULANANIYESEIRUATISRUGNTTUE9E polymorphic X region R
uusnatideaeru (tandem repeat) fildsruunauunnsndldunndu (Koreen et al, 2004)
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WulRgtudumMImateRunidiile ONA — (DNA fingerprinting) mainalia pulsed-field  gel
electrophoresis (PFGE) Aifianusuunusnuevansiusuuafidenntudlasiuleuouuniied
dunsingasnisouleifndinig (restriction enzyme) (Tenover et al,, 1995) Tag LA-MRSA-
ST398 fasdiaulas] ol lumsdmanslasiuley annsiinalnmsusuiUaeusunisias e
vhliAnnsmudemsindenvos Smal Bdlddm3u S. aureus aowusdy (Argudin et al,, 2010) A5
SenunadnuEugnIIITInMEhsTlanuaznsaduguteyaninsraeveaderlian
UslarilunisasafiamunisssniauasmsiUdeuuUandssumnevendasoly
Staphylococcal cassette chromosome mec (SCCmec) L?Jm;ﬂmsﬁuqnismmﬁauﬁwalé’
(mobile genetic element %38 MGE) d115U methicillin-resistant staphylococci Lﬁaﬁmﬂﬁ‘qmﬁuﬁ

Iﬂiﬂumiﬁmm'aLﬁﬁﬁmaiﬂﬁui%mmLmﬂﬁﬁsm%a cassette chromosome recombinase (ccr) Wl

u mec Mududmiunsiaenguuuy methicillin resistance dwdunalniivihliAanishiosingu
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B-lactam (Katayama et al,, 2000) Hagtufinsdaduunguuuuvas SCCmec ved MRSA 1l 12
wiin (1-XI1) 9nufiaves cor complex wag mec complex Mifussduszneures SCCmec (IWG-SCC,
2009) usiaegunuuinisnszangly MRSA vanvaneaneiuguazdeudiwizuisdiu 1y LA-MRSA

U]

Snil SCCmec IV, V way 1X 9uandnga1n HA-MRSA fisfawu SCCmec Il waz Il fudiu (L et al,

Qs

2011) wenanadaiinssieny SCC afindue uduly Staphylococcus spp. NTuE0s Wy
pseudo (W) sCCmec #ifl cor Wupsiusenau wag SCCmec composite island (CD) 7% cor
a\‘iﬁﬂszﬂawaawﬂ%ﬂﬂ \Jusy (Chanchaithong et al., 2016; Perreten et al., 2013) SCCmec IX
Hurdafinuldidly MRSASTO  uay MRSA-ST398  flusnldingnsuazfuiimanieriugnslu
Usewelne (Li et al, 2011; Sinlapasorn et al., 2015) wagnuITawun1sves SCCmec 1X Tu MRSA-
ST9 ﬁ?\ﬂvﬁualup:iﬂaauaﬂmnmmmmﬁmaa 916 wag WsCCmec nglu SCCmec (Lutitanond
et al, 2013) mﬂmé’ﬂgmmmﬁuamﬂﬁgﬁuﬁamiﬂixmasuawﬂmiﬁuqﬂﬁwmsﬁyamsuam,%a MRSA
Tu LA-MRSA Iuﬁszmﬂlm8u,azmsm?iaumﬂﬁ*‘s’mmmsmaﬁuqﬂismmL%@LLUﬂﬁC‘EJ Fednduiides
Anwuflonsafianuuazihsy ey

s

MRSA sinfinnuaniRfion fugatnvansviin (multidrug resistance) :Tnmsdnidenaneiug
wazazauiuient SuiliAanalnnsiesdugadndléfnmmshadouuaiiGelumanisunmg
LATEMILNNIDYIIUNTVAY LU tetracyclines, macrolides, lincosamides, aminoglycosides,
phenicols, sulfonamides waz dihydrofolate reductase inhibitors 1usiu LA-MRSA finfiagueutd
msreeuenguiildviaiaeldnisuades 1¥un tiamulin way streptogramin sy yilianunsany

k4 1
Y (|

| o Ao ) P ¢ a Ao e PP
Suipgunsuiadidwuly MRSA Aluwasisnanuyed wavduwartinfiunasiuanuuaiseiny
luvadainerdvegludwndeuderfudehviinnisuaniuasuaisiugnssuseninauuaiiie
(Wendlandt et al., 2013a) Budpenfinu LA-MRSA dnvitliAnnalnnisiiesisugatimvaiesiingan
dy k2 . 1 d’ Q Vo 2{‘ ! . . .y
A15A8YY (cross resistance) WU vea uag (sa Vmﬂmﬂﬂm‘iﬂamﬂqm lincosamide-pleuromutilin-
streptogramin A fmegnisasilusiudugiseniiievuead (efflux pump) (Kadlec and Schwarg,

2009; Wendlandt et al.,, 2013c) %58 cfr Viﬁﬂﬁlﬁﬂmi?’{ammjm phenicols, streptogramin A,

lincosamides ag oxazolidinones sen1silAsunUas 23S ribosomal RNA vilignguesngmd
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mumndsilfudeansasyreswuaiiulild (Kehrenberg and Schwarz, 2006) NMsWAILNTISABEIATY
JaTnvangyilaved LAMRSA AR N Sazaua1siugnssuiindeudelanussqduieslaeding
Andenandadensldendugatinluniaadad (Kadlec et al, 2012) dvlunsnsiuiispaueandAngs
4’{ a o dy ¥ o o 1 o Y % 1 dy f-ﬁu

e MInsIfamuMIRRNNISAeeT uagnalniingatewihlinsuivaniunisainsies1veaie

sutamsidsuulawssansiugnisuiindeudgldmiliAnmsdeiuduieslumaadaifiena

dainundayedld

TgUIseen
L. demanugnuaznsnszaeveade MRSA Tugnsuaviidosgnaunniananvessemeing
2. Weduunaneiuiueande MRSA finulugnsuaziifesansiuvamanansvesdsemealvadae
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1. nguuszynsuaznsiiuiaedi

nauusEnsUszneumegnsifeslurhsuwasgui tanuluvhsugnsluamanansvesyseme
Tve nMsifiudegnsgnsiinisduivaingnsmiudasetgvesnsideifllussazisu Inaumui

c:’(l W U 1 5 1 =1 ) 1 q' Y I

wazwuunisides b wlgns gngnsgaun (szezRaususnaaenisneunguLfiony 3 dUni) ans
ayuIa (Mdmeuaineny 3 dUavida 8 dah) uazansyu (ausieny 8 duamiduduly) wisy
gNIWUIUFULUUMINEALAENSINN1SNSRBIUTEN aUAIY

(1) vhfuuuuATUNAT (farrow-to-finish we FF) fgnsdsusiualans gnansgaus gnseyua uag

qnsyu

(2) ¥hiundngnans (farrow-to-wean %38 FW) dusignsuazgnansaaul

(3) vSugnsyu (wean-to-finish v¥e WF) flansseezayunasuiesseequneudalssindad

I3 Ly 1 o Y A 2R o = ¥ 4’1’ I3 Qs [} -ﬁ t 5 k24
nisivfegawhleensldmuliiiuddlsideiudegisanibeydesaynvisasstavesans lugn

ansyzezgauuinsiuiiognangnanssiuau 3 frensen wazvhnisiiuiegeanguiiRnu

Tuhsugnsfdusendniulumsidenndeydesyniduiu vinmsitudegdusmsdeaiievuds
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(Stuart’s transport medium) nszuIuMSIAUMBgsluaulAiIUNITRITANINAMZNTINATS
P3psssunsIveluay nguanaa iy PuiansainmIng1dy (aai 198.1/59) wazlugnssitums
frsananaaznssunsnslddninaassluanidy eusdmiwnnemans Juainsaluniinegde

(av# 1631051)

2. NIIWIBUENUAIEYLD S. aureus

Mnsuuseg1glueImsiasatis Mueller-Hinton Broth A1l NaCl 6.5% way cefoxitin Uy 4

Le/mL 7 32 asrnwaidoa 1urian 48 $alus 21ntuidn 0.5 mL wnzdslueimsidesdia phenol

o

red mannitol salt broth il cefoxitin 3.5 me/mL ﬁqmwgmaxﬁ’mna'mﬁu (Bocher et al,,

2008) neuwiluiwizasuutryptic soy agar HaNdenuny wdsULdunanIsiagyuedlalatl S aureus

o e ) ¢ & v o % a 1 o 8 ¥ o
NUATYDULYADLUALADALA LLa’JuﬂU‘mmaaumaﬂﬁmﬂﬁmw N15d99 catalase LLa%ﬂ'ﬁ‘V]'ﬂ,‘WLﬂﬂ

mM3udeiiveswaan in1sada DNA seyadisa Nucleospin® Tissue DNA Extraction kit
(Machery-Nagel, Germany) mugnen1siudiuaddd s. aureus #ae PCR fis1imzdadiu nuc (Sasaki
et al, 2010) tadnszuaumawizideunaiiFeuaznsyurunmsduiiiierdedldumseyiiaian
AnuznsTINIMRUguamILUaenfyesinnw augdmunnemant pasnsaluninerds (e

sy IBC1631037)

3. N15ASIANWYE methicillin resistance
MM INegaumMANENYEN15ABEILUY methicillin resistance MET cefoxitin disk diffusion
Wonlwusnududs (clear inhibition zone) 1eENI1 22 mm  waAdAwUEAISTL methicillin

resistance (EUCAST, 2018) wagms1amiiu mecA aae PCR (Strommenger et al., 2003)

4. managauanulafudagIfugadn
msneaauaNuhifudesfiugatnlaemsmemmudutugmgalunsduginisaiyves

wuAiSe (minimal inhibitory concentration %% MIC) sieedugalin cefoxitin (FOX), penicillin



(PEN), tetracycline (TET), gentamicin (GEN), kanamycin (KAN), streptomycin (STR),
erythromycin (ERY), clindamycin (CLI), ciprofloxacin (CIP), chloramphenicol (CHL), rifampicin
(RIF), tiamulin (TIA), sulfamethoxazole (SMX), trimethoprim (TMP), mupirocin (MUP), fusidic
acid (FUS), quinupristin/dalfopristin (SYN), linezolid (LZD) wag vancomycin (VAN) 67838 broth
microdilution ﬁ’m‘qm EUST customized plate (Trek Diagnostic Systems Ltd, UK). mio'%{am Cul
WUWHENIANIEBM Dzone mswdanam ul¥udesiugadnenduringfunsgiu

874 The European Committee on Antimicrobial Susceptibility Testing (www.EUCAST.org)

5. MIULaYee staphylococcal cassette chromosome mec (SCCmec) LLazqmé'nwms
MINUNTTY

as1aveiiaues SCCmec #e33 multiplex PCR tiienafinuas mec gene complex uag ccr
gene complex duluesiusznau (Kondo et al., 2007) ‘VﬁmiLLaﬂﬂgﬂLLuuawﬁuﬁﬁ?ﬁa DNA 989
\Hofeis pulsed-field gel electrophoresis (PFGE) lasardeioulwsisindnwizadin Gl (New
England Biolab, UK) (Argudin et al., 2010) lun1sdaasiugnssuveslasiulanves S. aureus win
WNAFIY CHEF-DRII PFGE (Bio-Rad, Hercules, CA) u&¥inn1sdnnauguuuuvesdudiu DNA
AelUsinsy Gene Directory (Syngene, UK) Hu dendrogram 81A8 unweighted pair group
method using arithmetic averages (UPGMA) L%@ﬁﬁgULLUU%udw DNA fiwioufuuinniy 80%
‘ﬁu‘hJwgfﬁﬂaqsl,ufrcja.uﬁmﬁ’u mMsszyalin spa oeMSIRLI LB polymorphic X region
Y938u spa f18 PCR wazitlumidrdudandlelvdudnuIsuifisuiugiudeya
(http://spaserver.ridom.de) (Harmsen et al., 2003) Fonnumaeiiusetuston suuasloaduasi
mIuanwquantimetugnssudaiudimzisndedenas dudedunudigniilum ST dae
multilocus sequence typing (MLST) Mamsmaduasiusnssuved 7 8u Usenaume arc, arof,

slpF, emk, pta, tpi wae yqil wdwFeudisutugiudeyaluiuled www.pubmist.org (Enright et

al., 2000)



6. MIngudaeiugatn
Mn1smdunes finulaluluafiiSsunsuuinveddedmunusia DNA  microarray  (version
AMR+ve 5) (Alere Technologies GmbH, Germany) (Perreten et al., 2005) PINUUVIINTWIEURD

y1MUTINANHA DNA microarray Tunniionieds PCR (MAnwaN)
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NANIINAEBN

ndusiaagnglumsfine

nausegrssznaumsansaniifululanianansvesyseinalve wagdwminuassiedun
MuiRawaniananadiuag 27 Wit Uszneudiedmiauasusy 2 sy (NP1 wag NP2) neyauy’
2 v13u (KB1 wag KB2) uass1%dun 4 vy (NR1-NR4) Us13uy3 8 whiu (PB1-PB8) 51943 1 Wl
(RB1) uargnssay3 10 vfu (SB1-SB10) Inaiiumegeainansusasszeslunsasiuuanads
M3 1 ueifiudegenngdewnsdiuan 38 auan 16 vhiu (3ed 1) Tasvhuudenns
FULUUNSIHBY Usznause shiuuuuasuiees (FF) $1uu 2 Whdu shiundagnans (FW) dnny

12 vh3u wawrhduansyu (WP 9119 13 vhiy

A1519% 1 uanavhdu uuuu Jandn sgegnsides Snnugnsaraudesivinnsiiudiiede feg

Wy MRSA
Wisn  Jwmdn sunuy svozuazaliagns  wRU (B Swaudaedeliwy MRSA
s vieasan)#  (A7u3ensen)

NP1 Uasdgu WF anIvyua 25 0

RB1 IR FF AngnIaYUIR 10 1 (10.00%)
gnIgu 20 4 (20.00%)
AUABIaNS 1 0

NR1  umssvdin  FW usigns 20 0
QnENIQAUL 20 0

PB1 Us1uy3 FW walgns 10 2 (20.0%)
ANENINAUL 9 1(11.11%)
AUABINS 4 0

PB2 UMWY Fw wigns 10 0
QnENIYALL 10 0
AULRYIENT 2 0

PB3  UsRu3 FW wilgns 10 0
QNANIAAUN 10 0
AUEBSANS 2 0
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vidn  dwmda sunuy szusuazvilagns Swou (fr Srunudiedieiinu MRSA
wWsu* viseasen)#  (Aavisensen)
NR2  upsswdlin WF gnIayum 45 15 (33.33%)
AL 2 0
NR3  uasswdn WF qnsauuIa 16 10 (62.50%)
AuBINs i 0
NR4  upsswdin  WF qnIyu 15 0
AULAEANT 0 0
PB4 UTuYS WF qnIYy 15 0
ﬂut,gmqﬂs 4 1 (25.00%)
PB5  UsuUs  WF qnIyy 15 0
AuEYANS 0 0
NP2 AU FF ANENINAUL 21 3 (14.29%)
ansauug 20 2 (10.00%)
aAnIYuU a7 6 (12.77%)
AUABIANT 3 1
SB1  AWIIIUS  FW walens 15 2 (13.33%)
NENINAUL 15 1 (6.66%)
AULREENT 3 1
B2 qussaigs  Fw wiigns 15 0
gnansnaLsl 15 0
AUABINT 3 0
SB3  gwsiys  FW QnENInALL 15 0
AULABANT 1 0
SB4  awsINUT  FW gnanspAL 15 0
AULAENANT 1 0
PB6  UsAuwyT  WwWF ansyu 14 2 (14.28%)
PB7  UTIUYS WF GUERIING 5 1 (20.00%)
qnsyu 5 1 (20.00%)
PB8  UTRUWYS  WF qnseuuA 5 4 (80.00%)
KBL  n@awys  Fw GUGURIGIE 20 0
AUABINT 1 0
KB2  moauys  FwW gngnsgaul 20 0
AULAEINT 2 0
SB5 gnssaiys Fw QnENIRAUY 20 0
AUABINS 3 0
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Wiy Jwmin jUuuy segzwavyilagns  Swu @ dwudledrsinu MRSA

wsu* vieasan)#  (A7vseasen)
SB6  awiIiys  FW gngnsgaul 20 0
AuLdBsans 2 0
SB7 qnsINYs W GUEGINIEE 15 4 (26.66%)
SB8  gmIINUS W qnsoyua 15 0
SB9 gussys  WF qnsyu 15 0
SBI0  awsiiys  WF qnIyu 15 0

*WF, wean-to-finish; FW, farrow-to-wean; FF, farrow-to-finish

#anansgaunvhmsduiudedisdnau 1-3 fsanasen

ATIYNUASNINTENBUDUTD MRSA

WuAMYNYEI MRSA whituSasay 9.72 1nfetieaingnsiia 607 eegha Tu 10 Whduann
Fanua 27 vhdu eduauynuesaviniutesas 37.0a Tauvhiuidansilidumiveues MRSA ny
Tunndamiausenoudne uasusy (NP27) 51913 (RB1T) awssaiyd (SBL wae SB7' ) Us1dugs
PB1™", PB6"", PB7"" uaz PB8"") uazuesTivdin (NR2™ waw NR3™) uaznuide MRSA a1nfides
anss1uu 3 auan 38 ey Andufesar 7.89 il NP2T wag SB1T Fewu MRSA Tuglegns
uaz PBA"" flau MRSA 91nanslurnda Wledruunviriuninguuuumsdsmuinvhiuuuuasy
wastsaeshiy (NP2 war RB1T) nude MRSA ngnslusidy daunsundngnansny MRSA
§1wau 2 910 12 vhdu (P17 waz PB1T) waghiuansyuny MRSA §1uau 6 990 13 Wdu
(PB6", PB7", PR, SB7" , NR2"" waw NR3) Iﬂa‘vh%mﬁmgﬂaﬂsﬁgﬂaaam%wﬁﬂsz’s’amﬁaqﬂ

gnavgnuuludmhiugnsguiinuiiie MRSA Msnseateveaale MRSA lugnswiarseaviasiiy uay

lugidesgnsuanslumsned 2
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M1579% 2 TINTNUIRE methicillin-resistant Staphylococcus aureus lugnsmuszagnsides

&

warHlaegns
WA 119018 Sninudely  Shnfinudoly  vhiufiwude Smnude
sy ans/iae il
gqns
usigns 2/6 4/80 SB1, PB1 4
ananspeuNt  3/13 5/210 SB1, PB1, NP2 5
GUERITNE! 7/9 37/156 NP2, RB1, SB7, PBY, 38
PB8, NR2, NR3
gnIYuU 4/9 13/161 NR2, RB1, PB6, PB7 13
fidsans 3/16 3/38 NP2, SB1, PB1 3

*hmsfiudieg1eaingnans 3 fsensenidy 1 fets

AAANWAUSNINUGNTTY

o MRsA v 63 Weuszneumedefinzusnuiainanssuu 60 Wewasiidsaans
$1um 3 e wansmudnusneiugnsslunsed 3 andetemmeannsoduunviaves
SCCmec 163 wlin Uszneudie SCCmec V (n=41) SCCmec X (n=9) Wag SCCmec CI 4
Usznausig ccr complex 2 ol louA ccrA1B1 wag ccrC ffu class C mec complex (n=12) @z
sCCmec Aldansansusdaldidesannlimatlunisswunds PCR (n=1)

AN 35eYFULUY spa wulfles 2 jUuuu T 034 (n=55) uae 1337 (n=7) doudn 1 Jels
wu spa lumsiuensWugnssud polymorphic X region weddu spa M PCR

5Uf 1 uanansda dendrogram 9ngULUUMERLTTATE DNA Toade MRSA Tluenls wis
oonifiu 5 ndu (A, B, C, D uax B) Tnaguuuunendef SCCmec wllaienfuias spa suuuuidientu

4

MniuffuluansguuuuateRusiilafio DNA lduaneneiu Weiunuiiianinmudnuagnia

€

WUGNIIUIN SCCmec, spa uasaefiumiiaiie DNA A ngnsuasgidasanwisusiiugmilumeney
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Qs

‘uﬁjﬁw MLST (allelic profile 14 arcC-aroE-glpF-gmk-pta-tpi-ygil) wu 3 STs Usznaumig
ST398 (3-35-19-2-20-26-39), ST9 (3-3-1-1-1-1-10) wag ST4576 (3-3-625-1-1-1-10) 1ne ST4576
G ST Twifinanmssinaitu eloF ves ST wWasuindlelnafiduvs 335 910 C Ju T
(C335T) lAndy allele Tnivasdu elpF (allelic number = 625) vliAmy ST Tuyl Fady
single locus variant (SLV) 484 ST9 LLazasﬂu clonal complex (CC) 9 {0 MRSA-ST9 UasMRSA-
STA576 i spa wuU t337 waw 1034 mwddu a 2 STs § SCCmec 1X Wit daogflu PFGE
dendrogram ngu A uay B dau MRSA-ST398 & spa wuv t034 winii enidu 1 Jeilsifl spa
Famundnegly PFGE dendrogram ndal C, D waw E ¥19il MRSA-ST398 & SCCmec st SCCmec V,

SCCmec IX, SCCmec Cl wag SCCmec fisuunaiinlally
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Snuaususainshesdugadnuasiuioen

AU UERINSRENVETD MRSA u,amLﬂugﬂumumsﬁuamiumiwﬁ 2 W MRSA nmﬁ‘z‘?a
(100%) Wansn15hosios PEN, FOX, CLI, TET, STR, CIP, TMP uae TIA uazlinunisiesiosn VAN,
RIF, FUS, MUP WaEMSARE CLI wuumieni ms@iuamﬁmaga%w5uwu°lué’m'1ﬁLmnomﬁu Touwn
syN Tushuau 61 970 63 0o (96.83%) ERY, GEN uay KAN Tusuau 21 91n 63 e (33.33%) CHL
Tuguau 8 97n 63 e (12.70%) waz SMX lus1uau 5 91n 63 e (7.94%)

wamIaTAMBuRos UM (100%) 18U mecA uaz blaZ ylHAnnalnnisienng
B-lactam way dfiG fiilwAanalnnisie TMP snudidiu wuBuiesn tetracycline 3 wiin léud
tetM) Filinnalnnisiedae ribosomal protective protein ’Luv;m%a wiin tet(K) Tuduau 55
1 63 e (87.30%) wa tet(L) Tuduiu 5210 63 T (7.94%) Iﬂﬂaawﬁwé’qL?;Jumﬁﬁual,mumi
aalusiuiiinwadlunstiusneen (tetracycline efflux protein) seidiviies 3 Woftilies tetiv)
pdaien Wellmdedliu tet wnndn 1 viin WEuA tetM)+tetL) Tustuan 5 a1n 63 1o (7.94%)
waz tetM)+tet(<) Tushuau 55 91n 63 1We (87.30%) ﬁuﬁﬁﬂﬁlﬁmfmﬁaaflﬂfju aminoglycoside
HuduiiahadueulwiiliAsmsudsundasiassairalianasn (aminoglycoside modifying
enzymes) Usznaumig aadD Wuduad aminoglycoside nucleotidyl transferase Vmﬁﬁﬂmﬁ;}a
soe kanamycin wUlu MRSA 119U 60 970 63 108 (95.24%) Bu aadE ¥nldinnshesios
streptomycin wulus1uan 55 910 63 W8 (87.30%) wazdu aacA-aphD Anugiuatrady
aminoglycoside acetyltransferase Wag phosphotransferase  ®1318161U rldAnnshesos
gentamicin tay kanamycin Auadu wuludiuiu 21 91n 63 Wo (33.33%) Hu erm MiilHiAn
nalnn1saawuy erythromycin  resistance methylase ﬁﬂﬁtﬁﬂmiﬁuac&iamneju macrolide-
lincosamide-streptogramin B 3 wiia wuluide MRSA 8 erm®) iedluduan 5 910 63 e
(7.94%) waz erm(Q) Wealus uau 3¢ 910 63 We (53.97%) wazsia erm(B}+erm(C) $1uIu 8 91N
63 \¥0 (12.70%) uaz erm(A)l+erm(B) $1u7u 13 971 63 ¥ 1¥o MRSA $1u7u 55 18 (87.30%) i
8u (nu(B) (lincosamide nucleotidyl transferase), spw (spectinomycin adenyltransferase) Way

(sa(E) (ABC transporter) 81 spc, vea(A) wag cfr wuludesau 21 (33.33%) , 8 (12.70%) Waz 5
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(7.94%) AmuA 63 Wemuawiu uarduimirlviiianisheeingy phenicols 2 vlia loun fexa Tu

WU 5 1N 63 18 (7.94%) WaY Catye MWIMIM 3 210 63 1B (4.76%)

AMUANNUSVRINANEIBWUS MRSA 1numaei199

3197 3 wanennidnuEYUENIIILAEN1 TROEYBNTE MRSA Tludasiamuduiusiy
Wwaefisn MRSA-ST398  wuldlumidugnsduau 9 whdu Wleduundenaidnwazynaiugnssy
ST398-V-t034-C (ST-SCCmec-spa-PFGE pattern) uaestugndniinuinniiga uenlsanansly 7

WF WF WF WF

sy Ioud pe1™ Pe7™ Pe™, NR2Y NR3Y sB1™ waw 587" Tnedeanvhduludmia

=)

FW WF " = a  a g ! Y sy
gy (SB1 waw SB7 ) Tanuusndnesnenisiu erm(A) wae spc iy Felinuludedls

q

3 s Y s a FwW Fw !
nnsuludmdausFugiuarunsswdun lnewniundagngns PBL wag SBL - dn1sdsgnansiy

o s WF WF W WF WF Y P s i X
gININENIYU PB7 , PB8, NR2 ™ uaiz NR3™ tay SB7  @1ua1au (JUN 2) AsUunIsuiva e

fimsdeinuda MRSA lanudngrunadnuaizniaiugnisuias jukuunshse imiloudu sud

14 14
I

Weoanewusiilumiu pe1™ waw sB1” Auansgunuuanefusitafie DNA wazgunuuiiduies
mﬁauﬁ’uiu?jLL@JqﬂsLLazQﬂqm@mumLLaﬂaﬁwé’ﬂgmm%iamm%amﬂLtﬁqﬂimwé’aqﬂqﬂsswz@mum
uNTINHEINY MRSA-ST398 #alfithy spa (MRSA-ST398-IX-negative-C) 9 nanslusiidy s87"" #ae
d1u MRSA-ST398-C1-103a-E wuldlushdu NP2™ wiviuiuiRieadu ST398 fildanansoduuneiia
SCCmec I (MRSA-ST398-NT-t034-E) o MRSA-ST398-Cl-t034-D anunsnusnlfangidesans
Tuvhdu Pea"" whidu udliwulugns Wolenldandidesans MRSA-ST398-V-t034-C uaz MRSA-
ST398-CI-t034-E finnidnuasmeiugnssumasgunuumsesinieutudefiuenldaingnsluviu
Wenfufe SB1 waw NP2 mugndiy

dau MRSA CC9 usnldngnavinduly 3 vhdu 1dun re1”, PB6" uaz PB8"" Tny MRSA-
ST9-IX-t337-A annwsu RB1™ Tduiesn erm(B), fexA wa ofr Uszneufiunsiest linezolid ddll

wult MRSA-STO-IX-t337-A 91nvda PB6" du MRSA-STA576-1X-t034-A wulfleadaifienlunidy

PBS" WintuuazuANSTULUUMIABENTURAEITY MRSA-STO-X-t337-A :nwfy PBE
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S$B1FW holding PB1FW holding NP2FF holding

@ & 0o L
Pig ™= Worker Pig ™ Worker

] I 1 1 1

SB7YF holding NR2"F holding|| NR3" holding|| PB7" holding||PB8"* holding

® o o oe | om
i i Pig Pi
|

ST308-V-1034-C
ST398-V-1034-C carrying erm(A) and spc
ST398-NT-1034-E

$T398-CI-034-E
$§7398-C-034-D
87398-X-peg-C

RB1FF holding PB6YF holding PB6YF holding
H 0 @
Pig Pig Worker

E-E E

STY-IX-1337-A carrying cat,c
ST9-1X-t337-A carrying ¢fr, fexA and erm(C)
ST4576-1X-1034-A

OEDQoeecd O

gﬂﬁ 2 UAAININTZRN8UBIAE methicillin-resistant Staphylococcus aureus ﬁﬁﬂmﬁﬂwmaﬁma

s

wugnssuguuuuaglumsugnsinui@osazanudululalunisdeitnu@oannisnuendl
Aanuazmouy [vhsuludandn PB, Usn3uys; SB, gwssauys; RB, 51943; NR, uasswdun; NP,
UATUFU gULLUU?JENWﬁaJ FF, farrow-to-finish; FW, farrow-to-wean; WF, wean-to-finish 4fiagns

Tundesdwdeydion S, sow; P, suckling piglet; N, nursery pig; F, fattening pig]
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duuaziansalnaniveass uazdauadmiuanidelusuian

mnaaesiuaninInsznevente MRSA lugnsfidsslunnianaisveauszinalnely
PBIRAINY 9.72% wazAuyngs 37.03% nsAnwfiusnlulsemelnenumnuyndseglusis
FEMIN 9.61-25.00% warauynluansagluy9senin 0.62-10.00% (Anukool et al; Larsen et
al,, 2012; Patchanee et al., 2014; Sinlapasomn et al., 2015) n1sAnwIINIITIANslUAAIANATS
fiminagnsansuitesiiufemmuindienugnueato MRSA ity 40% 91n 15 Foendlugns
(Vestergaard et al,, 2012) gnsdnduunasiilsantvoade LA-MRSA Fafimsmenumsnszaei
Tunivglsy ausnuntle waziowe (Chuang and Huang, 2015; Graveland et al., 2011) 31n5189U
wilanuanuyngegaiie 99% lugnansluusemelusana (Conceicao et al, 2017) AMIILANAIYDS
Ansvesidie MRSA inuainmangnisinyduiuiunarsadednduusenng dunenlunisime
ueniife wazmsnszaeilunsaziuniimagienans néngruniuandifiuingnsdiseny 9-12
ou 100% LHunmzuesiio MRSA lumzuxﬁqﬂiaquJﬂnﬂ’iwwm%at,ﬁm 36% (Smith et al.,, 2009)
Smmanudelugnstengtesnit 12 Famituganilutiserydunedreiidudfey (Fang et al,

2014; Smith et al,, 2009) WudeaunansAnilinudegilugnseyuia uandliiiuiignslugas

Y
Qs o

Fuvesmadssiudndutasiifianuhsumlinuldluganias vefasadaldnnnisdsudely
Hanmsssgnansuagmslafuedugatneeasiue mnsitetostuls asuiiudadofivaglums
dmdenliAanmafiuiuueadeRosduluiemednd Broens et al, 2012) daupugnves
MRsA Aiwulufidesansil 7.80% dadeudnediiiewdouifisutumsfinufiiiuminuaamn

Tuaine 20-80% (Conceigao et al., 2017; Khanna et al., 2008; Oppliger et al., 2012; Smith et al,,

2009) vidinsuiifivwevguazuinaninisdesansegrmuududautafonidsiilnaans

(2
&

e MRSA 91nansundauyue (Battisti et al, 2010; Fang et al,, 2014) lnsarunsodarulans
nnmsdudalaenss minsgng@enyuisuluvisuiiuniseniauasnsvuidenluduindes

(Broens et al., 2012; Broens et al., 2011; Friese et al, 2012) fawdiinfinsnuide MRSA lugnsyu
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i 4

Tudnsiidindt wiferafinsvudouvendelunszvrunstunasuaznandmsideoansld
(Vestergaard et al, 2012) fstunsamafamuidolusdnfusinngnsiefiausndulumsdng
dgluiitelivmuanuniululfvesmsdesnuideninumeomns mmnmiswude MRSA Tufidesans 39
msatuayuliAnmutamumdngumansatransindnnaznstiostunueslunsufifnuie
anrdssimslisu@ennmsuithinu saufuniseseioau mstansiiuiaznsmuguiay

AMAMO LI AL

e MRSA AinuluansuaggidesanslulnnanasesUsemalnedneglu CC398 uag CC9

[ o 8 LY

Feflodnldunquangiugudnues LAMRSA  flimsnszanglunaisgiiniaveslanuazniviede

K}

&

anuddu MsAnwiidusenusniinudie MRSA-ST398 Miflunasfiunainansludszwalnauazwy
mIns¥angvesdemeiugiluvisugnrunnanaravesdssing luvueisesnunauninanee
amaitlalaznianzTussnideanilony MRSA-ST9 Wil (Larsen et al., 2012; Sinlapasorn et al.,

&

2015) ¥hafi MRSA-ST398 \Humeitusidinsuninszarvegmaagiiniailanuazdainuaeiug
winveadeiinulunivglsy niveusnuvileuasuredssmAlunivieds laun inmdld uazdenlys
whing (Lim et al, 2012; Sergio et al., 2007) 3NMFINTWUNTLA spa WuLRessilaLRefe t034
Tudle MRSA-5T398 Mnmsinwilifusiadendeaiuiinulunmdliuasaselusuansinde MRSA-

s [ o

$T398-1034 finuluusemalnauazssmaluedeteiudfimeiufutuinfoiuaenszasey
Tuniviowde uenanifaudi spa vfia 1034 anduslandniinuly  MRSA-ST398 finiuglsy
Wity uitdnnueiadugsiudie Ieud 1011, t108 uay t889 (Battisti et al, 2010; Conceicao
et al,, 2017, Kadlec et al., 2009; Mroczkowska et al., 2017; van Duijkeren et al., 2008) §ﬂﬂz\‘ma
nsAnwrinuide MRSA-STO-337  lushiugnsiumnianarstuieafuiiniemilonazana
neJupeniduanile (Patchanee et al,, 2014; Sinlapasor et al., 2015) winulusiuaudidesndn
Tngsiluudn MRSA-STO Wumetusiiimsnszadlugnsluussmaununiviedoudansnn usly
wazUsEWMARTIFULUY spa Tuandnaf leun Funazdeans (t899) liniy (337 wax t1430) uas
nLawde (t4358) (Fang et al., 2014; Guardabassi et al., 2009; Neela et al., 2009; Wagenaar et

al, 2009) dw ST9 Awdlugnsluvuglsuinidu methicillin-susceptible S. aureus (MSSA) Wiu

dauluigy (Kehrenberg et al,, 2009; Mroczkowska et al., 2017) wiffis1891UAITWU MRSA-ST9-
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bl

t4794 lugnsyuisemadmdidundousn (Battisti et al, 2010) Tassawmnuanisinwiisg
AudnyuEITUgNIIIWUAE MRSA 2 nuanestug ldun CC398 way CCo Al spa Tuguuuudl
AputnsdimudunizAe 1034 wa 1337 muddu Juduaesmeiuudniiinanszars seelugs
anslumhiululwnnianansesUsenelng

£

MRSA luansuagiaedans

et
U

SCCmec 1 3 gusuuiianansaduunls ldun sCCmec
V, SCCmec IX thag SCCmec Cl TagaTOny SCCmec V wag SCCmec Cl Tu MRSA-ST398-t034
ﬁgﬁﬁ/ SCCmec V Usgnaunay class C mec complex wag type 5 ccr complex Fanuleilu MRSA-
sT398 #finsszunmegialan uazwulu MRSA-ST398 Auenlslugtianazdmumwmdludsimelne
way Staphylococcus a@U3dduq (Chanchaithong et al,, 2014) wansinilu SCCmec EULL‘UUﬁ
uwsnawegly staphylococc Afluvdsiimnamndniluuszima uazwuldhandefiuenldnnansua
fidssansinnisAnwildae daw SCCmec O wulu MRSA-ST398 Usgnaudie class C mec
complex wag ccr complex 2 e (type 1 #ag type 5 ccr complex) juwuu SCCmec Cl ‘ﬁLLam
audululdvesniandiu scCmec gnuay (hybrid) 58wins SCCmec V wag SCCmec IX fiwuiiades
yialdluszina SCCmec 1X gnaesuadausnnuly MRSA-ST398 fusnldandmunmdanlned
UftRnusugnswaeinssenumasnegisunsuately MRSA-STY Auenldanansluuszmelne
uazfUATRNIWALITUANS (Larsen et al, 2012; Sinlapasomn et al, 2015) fstupradienadululs
1 SCCmec V, IX uaz CI fiffossusenaulndifstutiiTannissuiuoglude MRSA-ST398 was
MRSA-ST9 ﬁﬁa&ﬂuﬂixmﬂm WHIINNNTTIBUTUIN SCCmecans 39481 composite island
wulu S. pseudintermedius Tuussiwalnefiafinues ccr complex ﬁﬂﬂmiﬁ’lmimgULLUU@f’JEJ PCR
Tinauansslunnuailldanmsmanduasiugnssuiomn eswnns PCR 1Y primer dmdy
Wuduau cor Jufidumis coB aghdliisime (Chanchaithong et al, 2016) Fatunnsm
3AUsENOUMAENTEUIUMTAA SCCmec CI Wag SCCmec Aliausaduunguuuulidhe PCR Ts
{mi‘Jué’Taamﬁ’amimﬁwﬁuﬁuqﬂﬁuﬁwm (complete  sequence) Tun1sasuieluddusaly
MRSA-ST9-t337 mngnsluiunnianansdl SCCmec IX Wuiiafumsinweunth Sndesenly ST

Tnal flo MRSA-STA576 913 spa JUUU t034 Fanunnlu CC398 saiduniansn Veilmsnuguuuy

spa vsudednnguaneiugiudanudululdanudngiunisnu 1889 finuly MRSA-ST398 1lu
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dusnnlunivglsy swaly ST 5 SCCmec IV way SCCmec V undiei@ldiguiu (Fang et al.,

b 24
Qs

2014; Guardabassi et al., 2009) feWdng MY SCCmec IX uay t034 Aflagsly MRSA-STY

waz MRSA-ST398 anvatuayulaindinszuiumsuwaniudsududiuaisnugnsuruiningveuide

v

U3nnBu spa uaz SCCmec seviaidodesaefuivufisaiunszurumaindudiua siusnssy
QniaNYeY MRSA-ST239 fiusznaufieansiugnisumilouvas MRSA-ST8 uag MRSA-ST30 (Price
et al, 2012; Robinson and Enright, 2004) uenani] MRSA-STY luvszmelnedl spa juuuy
FumgAe 1337 wag SCCmec Adumzdnmnniie SCCmec X wansliiiiuin MRSA-STO-IX-t337
813l015U SCCmec IX annsnseaslugeanslulszsmanasilumeiugdnmelugnsludszmalney
nsfunviuanddfidude MrRsA  fwulugnsuasdidesansluvszmalneianuvaienatsms
fugnssumaznguUszansveaderiluudresmeiugain ST gUiuy SCCmec wanuasaiinuay

%Y

JULUU spa BaUaRRTTmuNsvesde MRSA inszangaglugsgninigludsine

(%

& o v & ) & o = = Sy & B
Weuenldaunuansdnuaznsheemugatiwangviiauagiiduiiesvanvarsdadugu
fegfinulaluwueiliBaunsuuinuagana Staphylococcus iliannshesimugadniilisnwinig

a & o =y R & o ¢ & v = A =
GW]L%ahLUﬂWLiﬁﬂaﬂﬂJuV]\ﬂuW’Nﬂ']'iLLWV]EJLLﬂ%aﬂ’JLLW‘Wﬂ ﬂ'ﬁﬂ@ﬁqﬂquzﬂqa%WUqﬂﬂQNLﬂﬂ‘\nﬂﬂqim MRSA

1%

| A X oo YV a ] v & | & R .
wandfigunee i liiAauinnd 1 nalndiesn Wy nshiane tetracycline, erythromycin  Wag
clindamycin wansliuiuuaideinislasulararaudufosvainvalsuinuig e MRSA fuen

IgnnmsAnuniifidu tet hliAan1siesssngy tetracycline 1nndn 1 aila dagufinulaly LA-

'
= o LY

MRSA 71lU Usenause tet(M) Fisindsuniauy transposon way tet(k) fu tet(0) Aisindifumis
vl plasmid Wuienfuiuiu erm ffuinnd 1 siiaui 16w erm(d), erm(®) wag erm(C) #idl
msnszarevilulude LA-MRSA (Wendlandt et al., 2013a) Buasradu dihydrofolate reductase
G Duriinfinulude MRSA Fuenldaingnss MRSA-STS wax MRSA-ST398 WilaiuSeuiiuity
nmsfnwineuntimuin MRSA-ST398  fuenldangiauuasdmunndluuseinalned dfa

(Chanchaithong et al., 2014) anuuansisvesBuiionnualsin@oaeiugianurdnndreiuled

1 f
) @ <

msSuanTiugnssufiiduResuanety wihiiinsnseneiludniiiatuuazynainsiifeites

12
L 5

uane1eiu JURuUveINISRouIfugaTnwariufse niiveude tulinnudunizneaigiug

]

@mé’mmzmaﬁuqmmu,aw,mdaﬁmmam%a 8u aacA-aphD Wulu MRSA-ST9, MRSA-STA576 wag
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MRSA-ST398 7iil SCCmec € Wi uatlsiwulu MRSA-ST398 #il SCCmec v 8nvaidielu cco
wihduflugnanisaostesn CHL udadesuunmuuvaefionnvhsuiiuansnaiu wuin MRSA-ST9 970
widu RRL” fiuieen CHL éun ofr uay fexa %aﬁiwmucfhLmﬁqaguumiﬁugﬂssm;ﬂLﬁmﬁuﬁa
Tn558 (Kehrenberg and Schwarz, 2006) s MRSA-ST9 anvsuduuas MRSA-STA576 shufieu

e o 1 1 . a‘{ = L= & & A 4’4}
Cat o PEUINBEUY plasmid MsAnwTdusenuusnnunsumnguedu o Faduduhesn

=22

fianuddgyuarlasuanunsgminnniilanludeasnsagy msghawsaviiianisiiaediy

< <

JaTNNeangnENRIuMUe 23S ribosomal RNA 1nnd1 1 ngu lauA lincosamides, phenicols,

pleuromutilins, streptogramin A Wag oxazolidinones tagyiliiAnn1sies dalfopristin uag

LY

linezolid Fedmaglunadu streptogramin A waz oxazolidinone muddiy Masseidalugngu

enanuldlunmsinmmsiadeuuaiiiSounsuuinsiesisugadnnatey dafeinta MRSA Aog

o
¢ = LY

Tun1an1sunng 8nvia MRSA-STY wag MRSA-ST398 §ifu vea(A) uag (sa(E) madsuiiviliiAnnis
#a81 lincosamide-streptogramin - A-pletromutilin famstugeen g (sa(E) dndldumiang
U (nuB) Fanusdausnuu plasmid pv7037 88U aadE, aacA-aphD wag erm(®) a&vjﬁ’asﬂw‘f’j}a
MRSA-ST9-t899 iilwiAnn1sHes vaneuin (L et al, 2013) umariansanuldly MRSA-ST398-
Cl uaz MRSA-ST398V armvfuludsninawssanuvindy fennuuanineesduiosfifluusas

aneRuseeefiunnsnafiu n1snudu erm(B) wae aacA-aphD Tuifinsfinly MRSA-ST398 witldwuly

3

5

MRSA-ST398-V 9 nuteunasfiun uandliiiutiamnuudsusdandatugnssuvesnguangwug

q

@

ST398  #lesuBudsyniunsen sidTauinmsnisiingeaisiugnssufiindeudgld uenaind

MRSA-ST398 &ail8u spw wagnguitll SCCmec CI §3il erm(A) Adlduwisagsiuiu spc 8naae

vy
Y]

(Fepler et al, 2010) yU8U vea(A), (sa(E), (nuB), cfr, fexA, spc way spw ﬁﬂwutawwﬂuﬁ?@

& s " A

MRSA iflusasfinnandednd dnlawuldiduunilu MRSA angWudnTuvaaiuninuyvd waziaiy

=i ot ¥

AaneadsiuunagmIeluasnuianuuaiis saldddugAnulaludadaidedulivgruinensiinng
waniUdsuludiuasiusnssulunsimuinishsen fusuafideduy (Kadlec et al, 2012) aghalsh
munisaniladnunisiienssn vancomycin wag rifampicin @udugiauszuufildsnwlunig

msuwnd sude fusidic acid wag mupirocin FadugldmeusnildlunisSnwuazidnide MRSA
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Tuauiidunmelnslewgluyaansmenisunmg dsdimnsaenadesiulumarsmsinuneuwthiilsl
wumseeundriilude LA-MRSA

nInszaevente MRSA egrudunguaeus (clonal) nsnuidefifigudnuasfeaiuly
vhiuuazsevihaniiianufendoaty wasnsdsiudoseniegniuageay annsneduneldiae
AdnYAENIRUGNSILNaE MR TmTlouty W MRSA-STOAX-t337-A ifl off uaw fexA tunuld
Tuvhsuasuasas RB1T iy dau MRSA-ST398-C1t034-E wuldlumnsunsuans NP2 iy

wansiengulseansgeslundaz ST - fllanudnmzuaznszieluansiuieulumiu andnuuy

4

Sumevesdefiuenlfangnsuasiidosanslunisudeoatu dun Ne2™  was s1™ Aatfuayy
ndngrumsdesinuide LA-MRSA sevinsgnsuazayud 1Wo MRSA-ST398-NT-t034-E #lalanansn
Fuunguuuy SCCmec I9ilag MRSA-ST398-IX-negative-C Ailiwudu spa wenldainanslumdy
NP2 uay PB7" SamAUmewUEAN MRSA-ST398-C1-t034-E uay MRSA-ST398-V-t034-C 91nvnsu
feaesmudiy uansierruunnieddngosvendosnanaeiusudninulurhfudoriufidums

Aifinnuanunysdugeedns SCCmec - Falugnarsiugnssuiadeudelduay spa dwidy

14

polymorphic hypervariable region Wulfienfufiy MRSA CCO 7l MRSA-ST9-IX337 uas

MRSA-STA576-1X-t034 Mngnslumhdu PBS. Tauansmsiuansudngesmssinvanvesduiiioeg

[
SR - |

Tolndifiss 1 dunis JULUU spa waziinBuses) mydeinulessninssundagnansludaisy

= LY Qs

ansyuannsoustlannudngiunisnulenfinudnwaugn1aiugnssuias JULUUNITABEINIS

9

1Y o & { =t o s a WF WF we )
dnwaszuansuazduiesivilounu lagvhiundngngns PBL uag SB1 NuseiRnsdegnans

14 Y
s L=y LA |

waangrudluyudmnsuiinudonnudnvasdeaiull e MRSA-ST398-C1t034  tuuenand ccr

9

k4
Qs

complex tuuBnYaudIgalidudlast erm(A), erm(B), aacA-aphD uag spc \uALL1a1n MRSA-
ST398-V-t034 1 wandliiudediaumemeiugnssuannsiiusasdnsearsiugnssy (genetic
recombination) UagMIANILANTRUENTIN 1T MRSA-ST398 wihiluiiaunsousnliainsiogeain
v & & ' 1 ¥ 2 Y oA wa = g [

diesansiuns@inunil udnassgaunesuniinnny MRSA-STS lugufiRnunefugnauiuly
Useinalve Wensaesaeiugannsoiiliifnnisineluuyud lawagdsenuiuainniu dmly
Usenalnewunisiade MRSA-STY Tugihsusnuansineraiiminsgaievedefifiuvaiiunainyy

doluguuurmeigui

25



b2

nsfnwiiideyauansseavideanisuiningnluianavedde LAMRSA finszateeglu
gniuazgidssanslulwnnianalsestsewmalng RnAnaNBUEN1IRUENSTULEAII1TD MRSA-
ST398 finsnsgageglurhsuansluginiaisiuiuiu MRSA-STY wasdinnuuansiiaudngasluus
avaeRugnnITannns Bnvisduanmdnguanudululdlumsdshudessnitansuasuywdds
o & y = =t ¥ e wa s = wve 4 & a & H
FaduanuidganeendnwnilawssiRnulusugnsnaelasuedss mwuBudon off a3
uwsnludszwelneuditinsunng@eensiiliifnnisunsnseag uaznisaiivesnisieras iua-
o el 0 W o & e X ¢ LYY o o A
FnnfianudAglunisihnienuailiFenoslunmemsunmg msfnulusgduiugnssulbniven
AMANYUEYBIYANTHUTNTTN SCCmec  MliianmnsaduunlduasyialeUseneulmininuilagdae
gduenalnnisifianasfinn MufadladiuwinsdaiugnssuvesdeMiiiAanmaiannnisuay
unsnszatemshesn Mminnadamulunszuiunsdunasiasndniosiaingns ninsenevede
Tudadniduy uagmegradeninmsinidelupuastisifuindoyaliag Tuillogassuinineiive
TdlunsithseTaagdesiumsuninszagveaiionenliungaunundnaguawniiafey nsdesiu
auteuazsnwguewalumsufiRvunenisldgunsaiesiuvazUfiRnu laud yangu wihnn

< & & v v oA o Y Y @ oo ds s ¥ o v o Y a

w3 nafle 1Wusu Msaeile MauenuInamnede WudvislifvesduiRnuieideivans
eanlanianislasuilieninansgau nmsdaniswisy msmiuaumsinide waznsannislderduga

o A

= ' o & & & y ol ® o e i wa & o A
‘U‘W%NhﬁnL‘UuﬂLﬂuﬁx‘mw\‘lﬂg‘um"lluﬂw,‘waﬂWiQUWLLazﬂ’liﬂwm%aﬁL‘UaLL‘Uﬂ‘VlLSEJﬂE)Eﬂ
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=2 A

naANIIIUTENIA

ANEEIYBYOURUANUATIVAY NI ITevete1sdTulvi Usvdteudszana wa. 2559
(59U MRG5980024)  wagyuiudidueila lnemansange wan.as. eans eushad (sianu
RTAG080012) dinemunawuativayunsde nuianie1asdinlAinideln nesuivanfien
aulay ddnuimsiTe Pansaluvine1ds (sWavu ONS  60-003-31-001-2)  Yuatuayuan
Tassmstuindounsidonisitdadouarnsrefnaudenelsaludnd (Special Task Force for
Activating Research-Diagnosis and Monitoring of Animal Pathogen) AMEERIUNNEFERNS
Prasnssiuninede uazvsugumsatuayulumsasiamBuioside DNA microamay lne
Professor Dr Vincent Perreten 911 Institute of Veterinary Bacteriology, University of Bern,
Switzerland W#arn133@ allelic number Wag sequence type voude 5. aureus e Dr Keith
Jolley 910 University of Oxford, UK ﬁﬂﬁ'wa‘uaU@mmﬁmi’mmﬁéﬂuﬂS%U’Jumim\‘iﬁawaﬁaﬂﬁ
910 Alexandra Collaud (University of Bern, Switzerland) wazun9d1239s107 Buf u?&ﬂ%iﬁﬁ

a

ARG WelAans aondy wieAnIe FUSUZATS Wazu1esUAN §55UARRAM (AMEERI-
WNNEANENS PNaINIalITINEdE) kagauuliatarn1sed wIsANNaYAINIINAUG LIV
nzalsngURlnluazlsrgUfenludnd anedniunveadns unamnsaiumive 1§y daunnd

douawsuansuaziiaesgnslunisiiuisgis
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AMARUIN

A1519% 1 Primers M@ #SUNIIASI9MEU nuc MWWz 89 S. aureus A28 PCR

o fwuilaedlelng (5 > 3) fu (vwnagiua) LONaNT91989
au-F3 TCGCTTGCTATGATTGTGG nuc (359 bp) Sasaki et al.,, 2010
au-nuck GCCAATGTTCTACCATAGC

AN579% 2 Primers A MSUNIIASI9MEU mecA ¢e PCR

v
S

o diuilandlelnd (5 = 3) 8 (vuagua) LONe38nede
mecAl AAAATCGATGGTAAAGGTTGGC mecA (532 bp) Strommenger et al., 2003
mecA2 AGTTCTGCAGTACCGGATTTGC

15197 3 99 primer dwiumada multiplex PCR Aldlumsswunguiuy SCCmec 1V
(Kondo et al., 2007)

Primer dvuihealelvg (5'=>37) usunadu Suitinmaiuswou 2‘;@ @
Multiplex PCR % 1 dwiudwunsiln cor complex wazudunisusingues mecA
mA1 TGCTATCCACCCTCAAACAGG mecA mecA (mA1-mA2) 286
mA2 AACGTTGTAACCACCCCAAGA mecA
ol AACCTATATCATCAATCAGTACGT ccrAl cerAl-carB (OU1-Bo) 695
o2 TAAAGGCATCAATGCACAAACACT carA2 carAz-carB (02-Bo) 937
o3 AGCTCAAAAGCAAGCAATAGAAT ccrA3 carA3carB (13- 1,791
Bc ATTGCCTTGATAATAGCCITCT ccrBl, caB2
,ccrB3
od.1 GTATCAATGCACCAGAACTT carAd carA3-carB (OL1-Bo) 1,287
Ba.2 TTGCGACTCTCTTGGCGTTT ccrBd
YR CCTTTATAGACTGGATTATTCAAAATAT cerC ccrC (YF-YR) 518
YF CGTCTATTACAAGATGTTAAGGATAAT cerC
Multiplex PCR *qmﬁ 2 dwudwunatin mec complex
mi6 CATAACTTCCCATTCTGCAGATG mec/ mecA-mecl 1,963
(mA7-ml6)
IS7 ATGCTTAATGATAGCATCCGAATG 151272 mecA-1S1272 upstream 2,827
of mecA (mA7-S7)
152 TGAGGTTATTCAGATATTTCGATGT 15431 mecA-1S431 upstream 804
(i5-2) of mecA (mAT-iS2(iS-
20)

mA7 ATATACCAAACCCGACAACTACA mecA




#5199 4 Primers AlgE S URLEIUIU polymorphic X region 4848u spa

3 Sauiadlelnd (5 = 3) fu PNE501989
1095F AGACGATCCTTCGGTGAGC spa Shopsin et al., 1999
1517R GC TGCAATGTCATTTACTG
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d' . 9 v o Y = :§} hd o 1
19199 5 Primers ﬁ‘lfummwmwm‘sﬂﬁmmaaaumammuaga%wma6}

Gene Primer Nucleotide sequence (5" 3") Amplicon Reference
size (bp)

blaz blaz-F CAGTTCACATGCCAAAGAG 772 Schnellmann et al., 2006
blaz-R TACACTCTTGGCGGTTTC

tet(K) tet(K)-1 TTAGGTGAAGGGTTAGGTCC 697 Aarestrup et al., 2000
tet(K)-2 GCAAACTCATTCCAGAAGCA

tet(l) tet(L)-1 CATTTGGTCTTATTGGATCG 456 Aarestrup et al., 2000
tet(L)-2 ATTACACTTCCGATTTCGG

tet(M) tet(vi)-1 GTTAAATAGTGTTCTTGGAG 576 Aarestrup et al., 2000
tet(M)-2 CTAAGATATGGCTCTAACAA

aadA-aphD  aacA-aphD-1 CCAAGAGCAATAAGGGCATA 220 Van de Klundert and
aacA-aphD-2 CACTATCATAACCACTACCG Viiegenthart, 1993

aadD aadD-1 GCAAGGACCGACAACATTTC 165 Van de Klundert and
aadD-2 TGGCACAGATGGTCATAACC Viiegenthart, 1993

aadk aadE-pS1 GCAGAACAGGATGAACGTATTCG 373 This study from GenBank
aadE-R CTATATCAGTCGGAACTATGTCCC nucteotide accession No.

KF421157.1

str str-pS194-F TATTGCTCTCGAGGGTTC 646 Schnellmann et al,, 2006
str-pS194-R CTTTCTATATCCATTCATCTC

spC spc_fw ACCAAATCAAGCGATTCAAA 561 Fefler et al,, 2010
spc_rv GTCACTGTTTGCCACATTCG

spw spw-fw CGGCAGTAATGGGTGGTTTA 630 Wendlandt et al., 2013b
SpW-Iv CAGCCACCTCAGATTCCATT

erm(A) erm(A)-F TCTAAAGCATGTAAAGAA 645 Sutcliffe et al., 1996
erm(A)-R CTTCGATAGTTTATTAATATTAGT

erm(B) erm(B)-F GAAAAGGTACTCAACCAAATA 639 Sutcliffe et al,, 1996
erm(B)-R AGTAACGGTACTTAAATTGTTTAC

ermi(C) erm(C)-F TCAAAACATAATATAGATAAA 642 Sutcliffe et al., 1996
erm(C)}-R GCTAATATTTAAATCGTCAAT

Inu(B) nuB-F CCTACCTATTGTTTGTGGAA 925 Bozdosgan et al., 1999
lnuB-R ATAACGTTACTCTCCTATTC

tsalE) lsaE-F ACGGACGCGGTAAAACTACT 693 Chanchaithong et al,, 2014
{saE-R TTGGCACGTTTCATCGCTTT

vga(A) vgaA-F AGTGGTGGTGAAGTAACACG 1,287 Lietal, 2013
vgaA-R CTCTTGTTCTAATTCTTCCG

cfr cfr-fw TGAAGTATAAAGCAGGTTGGGAGTCA 746 Kehrenberg and Schwarz, 2006
cfr-rv ACCATATAATTGACCACAAGCAGC

Catoen catpC221-F ATTTATGCAATTATGGAAGTTG 435 Schoenfelder et al., 2017
catpC221-R TGAAGCATGGTAACCATCAC

fexA fexA-fw GTACTTGTAGGTGCAATTACGGCTGA 1,272 Kehrenberg and Schwarz, 2005
fexA-rv CGCATCTGAGTAGGACATAGCGTC

dfi(G) dfrG-1 TCGGAAGAGCCTTACCTGACAGAA 323 Gomez-Sanz et al,, 2010
dfrG-2 CCCTTTTTGGGCAAATACCTCATTCCA
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adussiugnIuvasBulun1smaewuguss Staphylococcus aureus 738 multilocus

sequence typing

Stphylococcus aureus sequence type 9 (ST9)
Allelic profile (arcC-aroE-glpF-emk-pta-tpi-yqil) = 3-3-1-1-1-1-10

>acrC _allelic number 3
TTATTAATCCAACAAGCTAAATCGAACAGTGACACAACGCCGGCAATGCCATTGGATACTTGTGGTGCAATGTCACAGGGTAT
GATAGGCTATTGGTTGGAAACTGAAATCAATCGCATTTTAACTGAAATGAATAGTGATAGAACTGTAGGCACAATCGTTACAC
GTGTGGAAGTAGATAAAGATGATCCACGATTTGATAACCCAACTARACCAATTGGTCCTTTTTATACGAAAGAAGAAGTTGAA
GAATTACAAAAAGAACAGCCAGACTCAGTCTTTAAAGAAGATGCAGGACGTGGTTATAGAARAAGTAGTTGCGTCACCACTACC
TCAATCTATACTAGAACACCAGTTAATTCGAACTTTAGCAGACGGTAAAAATATTGTCATTGCATGCGGTGGTGGCGGTATTC
CAGTTATAAAAAAAGARAATACCTATGAAGGTGTTGAAGCG

>aroE allelic number 3
AATTTTAATTCTTfAGGATTEGATGATACTTATGAAGCTTTAAATATTCCAATTGAAGATTTTCATTTAATTAAAGAAATTAT
TTCGARAAAAGAATTAGAAGGCTTTAATATCACAATTCCTCATAAAGAACGTATCATACCGTATTTAGATTATGTTGATGAAC
AAGCGATTAATGCAGGTGCAGTTAACACTGTTTTGATAAAAGATGGCAAGTGGATAGGGTATAATACAGATGGTATTGGTTAT
GTTAAAGGATTGCACAGCGTTTATCCAGATTTAGAAAATGCATACATTTTAATTTTGGGCGCAGGTGGTGCAAGTAAAGGTAT
TGCTTATGAATTAGCAAAATTTGTAAAGCCCAAATTAACTGTTGCGAATAGAACGATGGCTCGTTTTGAATCTTGGAATTTAA
ATATAAACCAAATTTCATTAGCAGATGCTGAAAAGTATTTA

>glpF _allelic _number 1
GGTGCTGATTGGATTGTCATCACAGCTGGATGGGGATTAGCGGTTACAATGGGTGTGTTTGCTGTCGGTCAATTCTCAGGTGC
ACATTTAAACCCAGCGGTGTCTTTAGCTCTTGCATTAGACGGAAGTTTTGATTGGTCATTAGTTCCTGGTTATATTGTTGCTC
ARATGTTAGGTGCAATTGTCGGAGCAACAATTGTATGGTTAATGTACTTGCCACATTGGARAGCGACAGAAGAAGCTGGCGCG
ARATTAGGTGTTTTCTCTACAGCACCGGCTATTAAGAATTACTTTGCCAACTTTTTAAGTGAGATTATCGGAACAATGGCATT
AACTTTAGGTATTTTATTTATCGGTGTAAACAAAATTGCCGATGGTTTARATCCTTTAATTGTCGGAGCATTAATTGTTGCAA
TCGGATTAAGTTTAGGCGGTGCTACTGGTTATGCAATCAACCCAGCACGT

>gmk_allelic_number 1
CGAATATTTGAAGATCCAAGTACATCATATAAGTATTCTATTTCAATGACAACACGTCARATGCGTGAAGGTGAAGTTGATGG
CGTAGATTACTTTTTTAARACTAGGGATGCGTTTGAAGCTTTAATCAAAGATGACCAATTTATAGAATATGCTGAATATGTAG
GCAACTATTATGGTACACCAGTTCAATATGTTARAGATACAATGGACGAAGGTCATGATGTATTTTTAGARATTGAAGTAGAA
GGTGCAAAGCAAGTTAGAAAGAAATTTCCAGATGCGCTATTTATTTTCTTAGCACCTCCAAGTTTAGAACACTTGAGAGAGCG
ATTAGTAGGTAGAGGAACAGAATCTGATGAGAARATACAAAGTCGTATTAACGAAGCGCGTARAGAAGTTGARAATGATGAATT
TA

>pta_allelic number 1
GCAACACAATTACAAGCAACAGATTATGTTACACCAATCGTGTTAGGTGATGAGACTAAGGTTCAATCTTTAGCGCAARRACT
TGATCTTGATATTTCTAATATTGAATTAATTAATCCTGCGACAAGTGAATTGARAGCTGAATTAGTTCAATCATTTGTTGAAC
GACGTAAAGGTAAAGCGACTGAAGAACAAGCACAAGAATTATTAAACAATGTGAACTACTTCGGTACAATGCTTGTTTATGCT
GGTAAAGCAGATGGTTTAGTTAGTGGTGCAGCACATTCAACAGGAGACACTGTGCGTCCAGCTTTACAAATCATCAAAACGAA
ACCAGGTGTATCAAGAACATCAGGTATCTTCTTTATGATTARAGGTGATGTACAATACATCTTTGGTGATTGTGCAATCAATC
CAGAACTTGATTCACAAGGACTTGCAGAAATTGCAGTAGAAAGTGCAAARATCAGCATTA

>tpi_allelic _number 1
CACGAAACAGATGAAGAAATTAACAAAARAGCGCACGCTATTTTCARACATGGAATGACTCCAATTATTTGTGTTGGTGARAAC
AGACGAAGAGCGTGAAAGTGGTAAAGCTAACGATGTTGTAGGTGAGCAAGTTAAGARAGCTGTTGCAGGTTTATCTGAAGATC
AACTTARATCAGTTGTAATTGCTTATGAGCCAATCTGGGCAATCGGAACTGGTAAATCATCAACATCTGAAGATGCAAATGAA
ATGTGTGCATTTGTACGTCAAACTATTGCTGACTTATCAAGCARAGAAGTATCAGAAGCAACTCGTATTCAATATGGTGGTAG
TGTTAAACCTAACAACATTARAGAATACATGGCACAAACTGATATTGATGGGGCATTAGTAGGTGGCGCA

>yqgiL_allelic number 10
GCGTTTAAAGACGTGCCAGCCTATGATTTAGGTGCGACTTTAATAGAACATATTATTAAAGAGACGGGTTTGAATCCAAGTGA
GATTGATGAAGTTATCATCGGTAACGTACTACAAGCAGGACAAGGACAAAATCCAGCACGAATTGCTGCTATGAAAGGTGGCT
TGCCAGAAACAGTACCTGCATTTACAGTGAATAAAGTATGTGGTTCTGGGTTAAAGTCGATTCAATTAGCATATCAATCTATT
GTGACTGGTGAARATGACATCGTGCTAGCTGGCGGTATGGAGAATATGTCTCAGTCACCAATGCTTGTCAACAACAGTCGCTT
CGGTTTTAAARATGGGACATCAATCAATGGTTGATAGCATGGTATATGATGGTTTAACAGATGTATTTAATCAATATCATATGG
GTATTACTGCTGAAAATTTAGTAGAGCAATATGGTATTTCAAGAGAAGAACAAGATACATTTGCTGTARACTCACAACATARAA
GCAGTACGTGCACAGCAA
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Stphylococcus aureus sequence type 4576 (ST4576)
Allelic profile (arcC-aroE-glpF-gmk-pta-tpi-yqil) = 3-3-625-1-1-1-10

>arcC_ allelic number 3
TTATTAATCCAACAAGCTAAATCGAACAGTGACACAACGCCGGCAATGCCATTGGATACTTGTGGTGCAATGTCACAGGGTAT
GATAGGCTATTGGTTGGAAACTGAAATCAATCGCATTTTAACTGAAATGAATAGTGATAGAACTGTAGGCACAATCGTTACAC
GTGTGGAAGTAGATAAAGATGATCCACGATTTGATAACCCAACTAAACCAATTGGTCCTTTTTATACGARAAGAAGAAGTTGAA
GAATTACAAAAAGAACAGCCAGACTCAGTCTTTAAAGAAGATGCAGGACGTGGTTATAGAAARAGTAGTTGCGTCACCACTACC
TCAATCTATACTAGAACACCAGTTAATTCGAACTTTAGCAGACGGTAAAAATATTGTCATTGCATGCGGTGGTGGCGGTATTC
CAGTTATAAAAAAAGAAAATACCTATGAAGGTGTTGAAGCG

>aroE allelic number 3
AATTTTAATTCTTTAGGATTAGATGATACTTATGAAGCTTTAAATATTCCAATTGAAGATTTTCATTTAATTAAAGARATTAT
TTCGAAAAAAGAATTAGAAGGCTTTAATATCACAATTCCTCATAAAGAACGTATCATACCGTATTTAGATTATGTTGATGAAC
AAGCGATTAATGCAGGTGCAGTTAACACTGTTTTGATAARAGATGGCAAGTGGATAGGGTATAATACAGATGGTATTGGTTAT
GTTAAAGGATTGCACAGCGTTTATCCAGATTTAGAARAATGCATACATTTTAATTTTGGGCGCAGGTGGTGCAAGTAAAGGTAT
TGCTTATGAATTAGCAAAATTTGTAAAGCCCAAATTAACTGTTGCGAATAGAACGATGGCTCGTTTTGAATCTTGGAATTTAA
ATATAAACCAAATTTCATTAGCAGATGCTGAAARAGTATTTA

>glpF allelic number 625
GGTGCTGATTGGATTGTCATCACAGCTGGATGGGGATTAGCGGTTACAATGGGTGTGTTTGCTGTCGGTCAATTCTCAGGTGC
ACATTTAAACCCAGCGGTGTCTTTAGCTCTTGCATTAGACGGAAGTTTTGATTGGTCATTAGTTCCTGGTTATATTGTTGCTC
AAATGTTAGGTGCAATTGTCGGAGCAACAATTGTATGGTTAATGTACTTGCCACATTGGAAAGCGACAGAAGAAGCTGGCGCG
AAATTAGGTGTTTTCTCTACAGCACCGGCTATTAAGAATTACTTTGCCAACTTTTTAAGTGAGATTATCGGAACAATGGCATT
AATTTTAGGTATTTTATTTATCGGTGTAAACAAAATTGCCGATGGTTTAAATCCTTTAATTGTCGGAGCATTAATTGTTGCAA
TCGGATTAAGTTTAGGCGGTGCTACTGGTTATGCAATCAACCCAGCACGT

>gmk_ allelic_number 1
CGAATATTTGAAGATCCAAGTACATCATATAAGTATTCTATTTCAATGACAACACGTCAAATGCGTGAAGGTGAAGTTGATGG
CGTAGATTACTTTTTTAAAACTAGGGATGCGTTTGAAGCTTTAATCAAAGATGACCAATTTATAGAATATGCTGAATATGTAG
GCAACTATTATGGTACACCAGTTCAATATGTTARAGATACAATGGACGAAGGTCATGATGTATTTTTAGAAATTGAAGTAGAA
GGTGCAAAGCAAGTTAGAAAGAAATTTCCAGATGCGCTATTTATTTTCTTAGCACCTCCAAGTTTAGAACACTTGAGAGAGCG
ATTAGTAGGTAGAGGAACAGAATCTGATGAGAARAATACAAAGTCGTATTAACGAAGCGCGTARAGAAGTTGARATGATGAATT
TA

>pta allelic_number 1
GCAACACAATTACAAGCAACAGATTATGTTACACCAATCGTGTTAGGTGATGAGACTAAGGTTCAATCTTTAGCGCAAAAACT
TGATCTTGATATTTCTAATATTGAATTAATTAATCCTGCGACAAGTGAATTGAAAGCTGAATTAGTTCAATCATTTGTTGAAC
GACGTAAAGGTAARAGCGACTGAAGAACAAGCACAAGAATTATTAAACAATGTGAACTACTTCGGTACAATGCTTGTTTATGCT
GGTARAAGCAGATGGTTTAGTTAGTGGTGCAGCACATTCAACAGGAGACACTGTGCGTCCAGCTTTACARATCATCAAAACGAA
ACCAGGTGTATCAAGAACATCAGGTATCTTCTTTATGATTAARAGGTGATGTACAATACATCTTTGGTGATTGTGCAATCAATC
CAGAACTTGATTCACAAGGACTTGCAGAAATTGCAGTAGAAAGTGCARAATCAGCATTA

>tpi allelic_number 1
CACGAAACAGATGAAGAAATTAACAAAAAAGCGCACGCTATTTTCAAACATGGAATGACTCCAATTATTTGTGTTGGTGAAAC
AGACGAAGAGCGTGAAAGTGGTAAAGCTAACGATGTTGTAGGTGAGCAAGTTAAGAAAGCTGTTGCAGGTTTATCTGAAGATC
AACTTAAATCAGTTGTAATTGCTTATGAGCCAATCTGGGCAATCGGAACTGGTAAATCATCAACATCTGAAGATGCAAATGAA
ATGTGTGCATTTGTACGTCAAACTATTGCTGACTTATCAAGCAAAGAAGTATCAGAAGCAACTCGTATTCAATATGGTGGTAG
TGTTAAACCTAACAACATTARAGAATACATGGCACAAACTGATATTGATGGGGCATTAGTAGGTGGCGCA

>yqil allelic_number 10
GCGTTTAAAGACGTGCCAGCCTATGATTTAGGTGCGACTTTAATAGAACATATTATTAAAGAGACGGGTTTGAATCCAAGTGA
GATTGATGAAGTTATCATCGGTAACGTACTACAAGCAGGACAAGGACAAAATCCAGCACGAATTGCTGCTATGAAAGGTGGCT
TGCCAGAAACAGTACCTGCATTTACAGTGAATARAGTATGTGGTTCTGGGTTAAAGTCGATTCAATTAGCATATCAATCTATT
GTGACTGGTGAAAATGACATCGTGCTAGCTGGCGGTATGGAGAATATGTCTCAGTCACCAATGCTTGTCAACAACAGTCGCTT
CGGTTTTAAAATGGGACATCAATCAATGGTTGATAGCATGGTATATGATGGTTTAACAGATGTATTTAATCAATATCATATGG
GTATTACTGCTGAAAATTTAGTAGAGCAATATGGTATTTCAAGAGAAGAACAAGATACATTTGCTGTAAACTCACAACATAAA
GCAGTACGTGCACAGCAA
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Stphylococcus aureus sequence type 398 (ST398)
Allelic profile (arcC-aroE-glpF-gmk-pta-tpi-yqil ) = 3-35-19-2-20-26-39

>arcC_ allelic number 3
TTATTAATCCAACAAGCTAAATCGAACAGTGACACAACGCCGGCAATGCCATTGGATACTTGTGGTGCAATGTCACAGGGTAT
GATAGGCTATTGGTTGGAAACTGAARATCAATCGCATTTTAACTGAAATGAATAGTGATAGAACTGTAGGCACAATCGTTACAC
GTGTGGAAGTAGATAAAGATGATCCACGATTTGATAACCCAACTAAACCAATTGGTCCTTTTTATACGAAAGAAGAAGTTGAA
GAATTACAAAAAGAACAGCCAGACTCAGTCTTTARAGAAGATGCAGGACGTGGTTATAGAARAGTAGTTGCGTCACCACTACC
TCAATCTATACTAGAACACCAGTTAATTCGAACTTTAGCAGACGGTAAARAATATTGTCATTGCATGCGGTGGTGGCGGTATTC
CAGTTATAAAAAAAGARAATACCTATGAAGGTGTTGAAGCG

>aroE allelic number 35
AATTTTAATTCTTTGGGATTAGATGATAGTTATGAAGCTTTARATATTCCAATTGAAGATTTTCATTTAATTARAGAAATTAT
TTCAAAAAAAGAATTAGATGGCTTTAATATCACAATTCCTCATARAGAGCGTATCATACCGTATTTAGATCATGTTGATGAAC
AAGCGATTAATGCAGGTGCAGTTAATACTGTTTTGATAAAAGATGGCAAGTGGATAGGGTATAATACAGATGGTATTGGTTAT
GTAAAAGGATTGCACAGCGTTTATCCAGATTTAGARAATGCATACATTTTAATTTTGGGAGCAGGTGGTGCAAGTARAGGTAT
TGCTTATGAATTAGCARAATTTGTAARAGCCCARATTAACTGTTGCGAATAGAACGTTGGCTCGTTTTGAATCTTGGAATTTAA
ATATAARATCAAATTTCATTGGCAGATGCTGAAAAGTATTTA

>glpF allelic number 19

GGTGCTGATTGGAT TGTCATCACAGCTGGATGGGGATTAGCGGTTACAATGGGTGTGTATGCTGTCGGTCARTTCTCAGGTGC
ACATTTAAACCCAGCGGTGTCTTTAGCTCTTGCATTAGACGGAAGTTTTGATTGGTCATTAGTTCCTGGTTATATTGTTGCTC
AAATGTTAGGTGCAATTGTCGGAGCAACAATTGTATGGTTAATGTACTTGCCACATTGGAAAGCGACAGAAGAAGCTGGCGCG
AAATTAGGTGTTTTCTCTACAGCACCAGCTATTAAGAATTACTTTGCCAACTTTTTAAGTGAGATTATCGGAACAATGGCATT
AACTTTAGGTATTTTATTTATCGGTGTAAACAAAATTGCCGATGGTTTAAATCCTTTAATTGTCGGAGCATTAATTGTTGCAA
TCGGATTAAGTTTAGGCGGTGCTACTGGTTATGCAATCAACCCAGCACGT

>gmk allelic number 2
CGAATATTTGAAGATCCAAGTACATCATATAAGTATTCTATTTCAATGACAACACGTCAAATGCGTGAAGGTGAAGTTGATGG
CGTAGATTACTTTTTTAAAACTAGGGATGCGTTTGAAGCTTTAATTAAAGATGACCAATTTATAGAATATGCTGAATATGTAG
GCAACTATTATGGTACACCAGTTCAATATGTTAAAGATACAATGGACGAAGGTCATGATGTATTTTTAGAAATTGAAGTAGAA
GGTGCAAAGCAAGTTAGAAAGAAATTTCCAGATGCGTTATTTATTTTCTTAGCACCTCCAAGTTTAGATCACTTGAGAGAGCG
ATTAGTAGGTAGAGGAACAGAATCTGATGAGAAARATACAARAGTCGTATTAACGAAGCACGTAAAGAAGTCGARATGATGAATT
TA

>pta allelic number 20
GCAACACAATTACAAGCAACAGATTATGTTACACCAATCGTGTTAGGTGATGAGACTAAGGTTCAATCTTTAGCGCAAARAACT
TAATCTTGATATTTCTAATATTGAATTAATTAATCCTGCGACAAGTGAATTGAAAGCTGAATTAGTTCAATCATTTGTTGAAC
GACGTAARAGGTAAAGCGACTGAAGAACAAGCACAAGAATTATTAAACAATGTGAACTACTTCGGTACAATGCTTGTTTATGCT
GGTAAAGCAGATGGCTTAGTTAGTGGTGCAGCACATTCAACAGGCGACACTGTGCGTCCAGCATTACAARATCATCAARACGAA
ACCAGGTGTATCAAGAACATCAGGTATCTTCTTTATGATTAARAGGTGATGAACAATACATCTTTGGTGATTGTGCAATCAATC
CAGAACTTGATTCACAAGGACTTGCAGARATTGCAGTAGAAAGTGCAARATCAGCATTA

>ygiL allelic_number 26
GCGTTTARAGACGTGCCAGCCTATGATTTAGGTGCGACTTTAATAGAACATATTATTARAGAGACGGGTTTGAATCCAAGTGA
GATTAATGAAGTCATCATCGGTAACGTACTACAAGCAGGACAAGGACAAAATCCAGCACGAATTGCTGCTATGAAAGGTGGCT
TGCCAGAAACAGTACCTGCATTTACAGTGAATAAAGTATGTGGTTCTGGGTTAAAGTCGATTCAATTAGCATATCAATCTATT
GTGACTGGTGAARATGACATCGTGCTAGCTGGCGGTATGGAGAATATGTCTCAATCACCAATGCTTGTCAACAACAGTCGCTT
TGGTTTTARAATGGGACATCAGTCAATGGTTGATAGCATGGTATATGATGGTTTAACAGATGTATTTAATCAATATCATATGG
GTATTACTGCTGAAAATTTAGTAGAGCAATATGGTATTTCAAGAGAAGAACAAGATACATTTGCTGTAAACTCACAACAAARA
GCAGTACGTGCACAGCAA

>tpi allelic number 39
CACGAAACAGATGAAGAAATTAACAAAAAAGCGCATGCTATTTTCAAACATGGTATGACACCAATTATTTGTGTTGGTGAAAC
AGATGAAGAGCGTGAARAGTGGTAAAGCTAACGATGTTGTAGGTGAGCAAGTTAAGARAGCTGTTGCAGGTTTATCTGAAGAGC
AACTTAAATCAGTTGTAATTGCTTATGAACCAATCTGGGCAATCGGAACTGGTAAATCATCAACATCTGAAGATGCGAATGAA
ATGTGTGCATTTGTACGTCAAACTATTGCTGACTTATCAAGCARAGAAGTATCAGAAGCAACTCGTATTCAATATGGTGGTAG
TGTTAAACCTAACAACATTAAAGAATACATGGCACAAACTGATATTGATGGGGCATTAGTAGGTGGCGCA
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A1iuasWUENIIUEIU polymorphic X region w838 spa ¥a4 S. aureus

t034 = 08-16-02-25-02-25-34-24-25

r08-GAGGAAGACAACAACAAGCCTGGT
r16-AAAGAAGACGGCAACAAACCTGGT
r02-AAAGAAGACAACAAAAAACCTGGC
r25-AAAGAAGATGGCAACAAACCTGGT
r02-AAAGAAGACAACAAAAAACCTGGC
r25-AAAGAAGATGGCAACAAACCTGGT
r34-AAAGAAGACAACAAAAAACCTGGT
r24-AARAGAAGATGGCAACAAGCCTGGT
r25-AAAGAAGATGGCAACAAACCTGGT

Primer 1095F binding

TTAGACGATCCTTCGGTGAGCAAAGAAATTTTAGCAGAAGCTAAAAAGCTAAACGATGCTCA

5' signature 108 rié
AGCACCAAAAGAGGAAGACAACAACAAGCCTGGTAAAGAAGACGGCAACAAACCTGGTAAAG

r02 125 r02
AAGACAACAAAAAACCTGGCAAAGAAGATGGCAACAAACCTGGTAAAGAAGACAACAAAAAA

r25 r3d
CCTGGCAAAGAAGATGGCAACAAACCTGGTAAAGAAGACAACAAAAAACCTGGTAAAGAAGA

r2d r25 18-19 bp distance to repeat
TGGCAACAAGCCTGGTAAAGAAGATGGCAACAAACCTGGT L/A(C
3 signature Primer 1157-R binding

ATGTCGTTAAACCTGGTGATACAGTAAATGACATTGCAAAAGCAA
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t337 = 07-16-23-23-02-12-23-02-34

r07-GAGGAAGACAACAACAAACCTGGT
r16-AAAGAAGACGGCAACAAACCTGGT
r23-AAAGAAGACGGCAACAAACCTGGC
r23-AAAGAAGACGGCAACAAACCTGGC
r02-AAAGAAGACAACAAAAAACCTGGC
r12-AAAGAAGACAACAACAAGCCTGGT
r23-AAAGAAGACGGCAACAAACCTGGC
r02-AAAGAAGACAACAAAAAACCTGGC
r34-AAAGAAGACAACAAAAAACCTGGT

Primer 1095F binding

TTAGACGATCCTTCGGTGAGCAAAGAAATTTTAGCAGAAGCTAAAAAGCTAAACGATGCTCA
5 signature 107 r16
AGCACCAAAAGAGGAAGACAACAACAAACCTGGTAAAGAAGACGGCAACAAACCTGGTAAAG

r23 123 r02
AAGACGGCAACAAACCTGGCAAAGAAGACGGCAACAAACCTGGCAAAGAAGACAACAAAAAA

ri2 123
CCTGGCAAAGAAGACAACAACAAGCCTGGTAAAGAAGACGGCAACAAACCTGGCAAAGAAGA

r02 34 18-19 bp distance to repeat
CAACAAADAACCTGGCAAAGAAGACAACAAAAAACCTGGT TAC
3 signature Primer 1157-R binding

ATGTCGTTAAACCTGGTGATACAGTAAATGACATTGCAAAAGCAA

35



L@NENTH19DS

Aarestrup FM, Agerso Y, Gerner-Smidt P, Madsen M and Jensen LB. 2000. Comparison of
antimicrobial resistance phenotypes and resistance genes in Enterococcus faecalis
and Enterococcus faecium from humans in the community, broilers, and pigs in
Denmark. Diagn Microbiol Infect Dis. 37: 127-137.

Alt K, Fetsch A, Schroeter A, Guerra B, Hammerl JA, Hertwig S, Senkov N, Geinets A, Mueller-
Graf C, Braeunig J, Kaesbohrer A, Appel B, Hensel A and Tenhagen B-A. 2011. Factors
associated with the occurrence of MRSA CC398 in herds of fattening pigs in Germany.
BMC Vet Res. 7: 69.

Anukool U, O’Neill CE, Butr-Indr B, Hawkey PM, Gaze WH and Wellington EMH. 2009.
Meticillin-resistant Staphylococcus aureus in pigs from Thailand. Int J Antimicrob
Agents. 38: 86-87.

Argudin MA, Rodicio MR and Guerra B. 2010. The emerging methicillin-resistant
Staphylococcus aureus ST398 clone can easily be typed using the Cfr9l Smal-
neoschizomer. Lett Appl Microbiol. 50: 127-130.

Armand-Lefevre L, Ruimy R and Andremont A. 2005. Clonal comparison of Staphylococcus
aureus isolates from healthy pig farmers, human controls, and pigs. Emerg Infect Dis.
11: 711-714.

Barton MD. 2014. Impact of antibiotic use in the swine industry. Curr Opin Microbiol 19: 9-15.

Battisti A, Franco A, Merialdi G, Hasman H, lurescia M, Lorenzetti R, Feltrin F, Zini M,
Aarestrup FM. 2010. Heterogeneity among methicillin-resistant Staphylococcus
aureus from ltalian pig finishing holdings. Vet Microbiol 142: 361-366.

B&cher S, Smyth R, Kahlmeter G, Kerremans J, Vos MC and Skov R. 2008. Evaluation of four
selective agars and two enrichment broths in screening for methicillin-resistant
Staphylococcus aureus. J Clin Microbiol. 46: 3136-3138.

Bozdogan B, Berrezouga L, Kuo M-S, Yurek DA, Farley KA, Stockman BJ and Leclercq R. 1999.
A new resistance gene, (inB, conferring resistance to lincosamides by nucleotidylation
in Enterococcus faecium HM1025. Antimicrob Agents Chemother. 43: 925-929.

Broens EM, Espinosa-Gongora C, Graat EA, Vendrig N, Van Der Wolf PJ, Guardabassi L, Butaye
P, Nielsen JP, De Jong MC and Van De Giessen AW. 2012. Longitudinal study on
transmission of MRSA CC398 within pig herds. BMC Vet Res. 8: 58.

Broens EM, Graat EAM, van der Wolf PJ, van de Giessen AW, van Duijkeren E, Wagenaar JA,
van Nes, A, Mevius DJ and de Jong MCM. 2011. MRSA CC398 in the pig production
chain. Prev Vet Med. 98: 182-189.

Chanchaithong P, Perreten V, Schwendener S, Tribuddharat C, Chongthaleong A, Niyomtham
W and Prapasarakul N. 2014. Strain typing and antimicrobial susceptibility of

36



methicillin-resistant coagulase-positive staphylococcal species in dogs and people
associated with dogs in Thailand. J Appl Microbiol. 117: 572-586.

Chanchaithong P, Prapasarakul N, Perreten V and Schwendener S. 2016. Characterization of a
novel composite staphylococcal cassette chromosome mec in methicillin-resistant
Staphylococcus pseudintermedius from Thailand. Antimicrob Agents Chemother. 60:
1153-1157.

Chuang Y-Y and Huang Y-C. 2015. Livestock-associated meticillin-resistant Staphylococcus
aureus in Asia: An emerging issue? Int J Antimicrob Agents. 45: 334-340.

Conceicao T, de Lencastre H and Aires-de-Sousa M. 2017. Frequent isolation of methicillin
resistant Staphylococcus aureus (MRSA) ST398 among healthy pigs in Portugal. PLOS
ONE. 12: e0175340.

Crombé F, Willems G, Dispas M, Hallin M, Denis O, Suetens C, Gordts B, Struelens M and
Butaye P. 2012. Prevalence and antimicrobial susceptibility of methicillin-resistant
Staphylococcus aureus among pigs in Belgium. Microb Drug Resist 18: 125-131.

Cuny C, Friedrich A, Kozytska S, Layer F, Nubel U, Ohlsen K, Strommenger B, Walther B,
Wieler L and Witte W. 2010. Emergence of methicillin-resistant Staphylococcus
aureus (MRSA) in different animal species. Int J Med Microbiol 300: 109-117.

Cuny C, Nathaus R, Layer F, Strommenger B, Altmann D and Witte W. 2009. Nasal
colonization of humans with methicillin-resistant Staphylococcus aureus (MRSA)
CC398 with and without exposure to pigs. PLOS ONE 4: e6800.

Cuny, C., Wieler, L., Witte, W., 2015. Livestock-Associated MRSA: The Impact on Humans.
Antibiotics 4, 521.

Enright MC, Day NPJ, Davies CE, Peacock SJ and Spratt BG. 2000. Multilocus sequence typing
for characterization of methicillin-resistant and methicillin-susceptible clones of
Staphylococcus aureus. J Clin Microbiol. 38: 1008-1015.

EUCAST. The European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables
for interpretation of MICs and zone diameters. 2018; Version 8.0.

Fang H-W, Chiang P-H and Huang Y-C. 2014. Livestock-associated methicillin-resistant
Staphylococcus aureus ST9 in pigs and related personnel in Taiwan. PLOS ONE 9,
e88826.

Fefiler A, Scott C, Kadlec K, Ehricht R, Monecke S and Schwarz S. 2010. Characterization of
methicillin-resistant Staphylococcus aureus ST398 from cases of bovine mastitis. J
Antimicrob Chemother. 65: 619-625.

Friese A, Schulz J, Hoehle L, Fetsch A, Tenhagen B-A, Hartung J and Roesler U. 2012.
Occurrence of MRSA in air and housing environment of pig barns. Vet Microbiol. 158:
129-135.

Gbmez-Sanz E, Torres C, Lozano C, Fernandez-Pérez R, Aspiroz C, Ruiz-Larrea F, Zarazaga M,

2010. Detection, molecular characterization, and clonal diversity of methicillin-

37



resistant Staphylococcus aureus CC398 and CC97 in spanish slaughter pigs of
different age groups. Foodborne Pathog Dis. 7: 1269-1277.

Graveland H, Duim B, van Duijkeren E, Heederik D and Wagenaar JA. 2011. Livestock-
associated methicillin-resistant Staphylococcus aureus in animals and humans. Int J
Med Microbiol. 301: 630-634.

Guardabassi L, O’Donoghue M, Moodley A, Ho J and Boost M. 2009. Novel lineage of
methicillin-resistant Staphylococcus aureus, Hong Kong. Emerg Infect Dis. 15: 1998-
2000.

Harmsen D, Claus H, Witte W, Rothgénger J, Claus H, Turnwald D and Vogel U. 2003. Typing
of methicillin-resistant Staphylococcus aureus in a university hospital setting by using
novel software for spa repeat determination and database management. J Clin
Microbiol, 41: 5442-5448.

Hiramatsu K, Cui L, Kuroda M and Ito T. 2001. The emergence and evolution of methicillin-
resistant Staphylococcus aureus. Trends Microbiol. 9: 486-493.

International Working Group on Staphylococcal Cassette Chromosome Elements. 2009.
Classification of staphylococcal cassette chromosome mec (SCCmec): Guidelines for
reporting novel SCCmec elements. Antimicrob Agents Chemother. 53: 4961-4967.

Kadlec K, Ehricht R, Monecke S, Steinacker U, Kaspar H, Mankertz J and Schwarz S. 2009.
Diversity of antimicrobial resistance pheno- and genotypes of methicillin-resistant
Staphylococcus aureus ST398 from diseased swine. J Antimicrob Chemother. 64:
1156-1164.

Kadlec K, Fefdler AT, Hauschild T and Schwarz S. 2012. Novel and uncommon antimicrobial
resistance genes in livestock-associated methicillin-resistant Staphylococcus aureus.
Clin Microbiol Infect. 18: 745-755.

Kadlec K and Schwarz S. 2009. Novel ABC transporter gene, vea(C), located on a
multiresistance plasmid from a porcine methicillin-resistant Staphylococcus aureus
ST398 strain. AntimicrobAgents Chemother. 53: 3589-3591.

Katayama Y, Ito T and Hiramatsu, K. 2000. A new class of genetic element, Staphylococcus
cassette chromosome mec, encodes methicillin resistance in Staphylococcus aureus.
Antimicrob Agents Chemother. 44: 1549-1555.

Kehrenberg C, Cuny C, Strommenger B, Schwarz S and Witte W. 2009. Methicillin-resistant
and -susceptible Staphylococcus aureus strains of clonal lineages ST398 and ST9
from swine carry the multidrug resistance gene cfr. Antimicrob Agents Chemother. 53:
779-781.

Kehrenberg C and Schwarz S. 2005. Florfenicol-chloramphenicol exporter gene fexA is part of
the novel transposon Tn558. Antimicrobl Agents Chemother 49: 813-815.

38



Kehrenberg C and Schwarz S. 2006. Distribution of florfenicol resistance genes fexA and cfr
among chloramphenicol-resistant staphylococcus isolates. Antimicrob Agents
Chemother 50: 1156-1163.

Khanna T, Friendship R, Dewey C and Weese JS. 2008. Methicillin resistant Staphylococcus
aureus colonization in pigs and pig farmers. Vet Microbiol. 128: 298-303.

Kondo Y, Ito T, Ma XX, Watanabe S, Kreiswirth BN, Etienne J and Hiramatsu K. 2007.
Combination of multiplex PCRs for staphylococcal cassette chromosome mec type
assigcnment: Rapid identification system for mec, ccr, and major differences in
junkyard regions. Antimicrob Agents Chemother. 51: 264-274.

Koreen L, Ramaswamy SV, Graviss EA, Naidich S, Musser JM and Kreiswirth BN. 2004. spa
typing method for discriminating among Staphylococcus aureus isolates: Implications
for use of a single marker to detect genetic micro- and macrovariation. J Clin
Microbiol. 42: 792-799.

Larsen J, Imanishi M, Hinjoy S, Tharavichitkul P, Duangsong K, Davis MF, Nelson KE, Larsen AR
and Skov RL. 2012. Methicillin-resistant Staphylococcus aureus ST9 in pigs in
Thailand. PLOS ONE. 7: 31245,

Li B, Wendlandt S, Yao J, Liu Y, Zhang Q, Shi Z, Wei J, Shao D, Schwarz S, Wang S and Ma Z.
2013. Detection and new genetic environment of the pleuromutilin—lincosamide-
streptogramin A resistance gene (sa(E) in methicillin-resistant Staphylococcus aureus
of swine origin. J Antimicrob Chemother. 68: 1251-1255.

Li S, Skov RL, Han X, Larsen AR, Larsen J, Sgrum M, Wulf M, Voss A, Hiramatsu K and Ito T.
2011. Novel types of staphylococcal cassette chromosome mec elements identified
in clonal complex 398 methicillin-resistant Staphylococcus aureus strains. Antimicrob
Agents Chemother. 55: 3046-3050.

Lim S-K, Nam H-M, Jang G-C, Lee H-S, Jung S-C and Kwak H-S. 2012. The first detection of
methicillin-resistant Staphylococcus aureus ST398 in pigs in Korea. Vet Microbiol.
155: 88-92.

Lulitanond A, Ito T, Li S, Han X, Ma XX, Engchanil C, Chanawong A, Wilailuckana C, Jiwakanon
N and Hiramatsu K. 2013, ST9 MRSA strains carrying a variant of type IX SCCmec
identified in the Thai community. BMC Infect Dis. 13: 214.

Mroczkowska A, Zmudzki J, Marszatek N, Orczykowska-Kotyna M, Komorowska |, Nowak A,
Grzesiak A, Czyzewska-Dors E, Dors A, Pejsak Z, Hryniewicz W, Wyszomirski T and
Empel J. 2017. Livestock-associated Staphylococcus aureus on Polish pig farms. PLOS
ONE 12: e0170745.

Naimi TS, LeDell KH, Como-Sabetti K, Borchardt SF, Boxrud DJ, Etienne J, Johnson SK,
Vandanesch F, Fridkin S, O’Boyle C, Danila RN and Lynfield R. 2003. Comparison of
community- and health care-associated methicillin-resistant Staphylococcus aureus
infection. J Am Med Assoc. 290: 2976-2984.

39



Neela V, Mohd Zafrul A, Mariana NS, van Belkum A, Liew YK and Rad EG. 2009. Prevalence of
ST9 methicillin-resistant Staphylococcus aureus among pigs and pig handlers in
Malaysia. J Clin Microbiol. 47: 4138-4140.

Oppliger A, Moreillon P, Charriere N, Giddey M, Morisset D and Sakwinska O. 2012.
Antimicrobial resistance of Staphylococcus aureus strains acquired by pig farmers
from pigs. Appl Environ Microbiol 78: 8010-8014.

QOveresch G, Buttner S, Rossano A and Perreten V. 2011. The increase of methicillin-resistant
Staphylococcus aureus (MRSA) and the presence of an unusual sequence type ST49
in slaughter pigs in Switzerland. BMC Vet Res. 7: 30.

‘Patchanee P, Tadee P, Arikumpa O, Love D, Chanachai K, Alter T, Hinjoy S and Tharavichitkul
P, 2014. Occurrence and characterization of livestock-associated methicillin-resistant
Staphylococcus aureus in pig industries of northern Thailand. J Vet Sci. 15: 529-536.

Perreten V, Chanchaithong P, Prapasarakul N, Rossano A, Blum SE, Elad D and Schwendener

S. 2013. Novel pseudo-staphylococcal cassette chromosome mec element

(H'SCCmecsrags) in methicillin-resistant Staphylococcus pseudintermedius CC45.
Antimicrob Agents Chemother. 57: 5509-5515.

Perreten V, Vorlet-Fawer L, Slickers P, Ehricht R, Kuhnert P and Frey J. 2005. Microarray-based
detection of 90 antibiotic resistance genes of gram-positive bacteria. J Clin Microbiol.
43; 2291-2302.

Price LB, Stegger M, Hasman H, Aziz M, Larsen J, Andersen PS, Pearson T, Waters AE, Foster
JT, Schupp J, Gillece J, Driebe E, Liu CM, Springer B, Zdovc |, Battisti A, Franco A,
Zmudzki J, Schwarz S, Butaye P, Jouy E, Pomba C, Porrero MC, Ruimy R, Smith TC,
Robinson DA, Weese JS, Arriola CS, Yu F, Laurent F, Keim P, Skov R and Aarestrup FM.
2012. Staphylococcus aureus CC398: Host adaptation and emergence of methicillin
resistance in livestock. mBio 3.

Robinson, D.A., Enright, M.C., 2004. Evolution of Staphylococcus aureus by large
chromosomal replacements. J Bacteriol. 186: 1060-1064.

Rodvold KA and McConeghy KW. 2014. Methicillin-resistant Staphylococcus aureus therapy:
Past, present, and future. Clin Infect Dis. 58: 520-527.

Sasaki T, Tsubakishita S, Tanaka Y, Sakusabe A, Ohtsuka M, Hirotaki S, Kawakami T, Fukata T,
and Hiramatsu K. 2010. Multiplex-PCR method for species identification of coagulase-
positive staphylococci. J Clin Microbiol. 48: 765-769.

Schnellmann C, Gerber V, Rossano A, Jaquier V, Panchaud Y, Doherr MG, Thomann A, Straub
R and Perreten V. 2006. Presence of new mecA and mph(C) variants conferring
antibiotic resistance in Staphylococcus spp. isolated from the skin of horses before
and after clinic admission. J Clin Microbiol. 44: 4444-4454,

40



Schoenfelder SMK, Dong Y, FefSler AT, Schwarz S, Schoen C, Kock R and Ziebuhr W. 2017.
Antibiotic resistance profiles of coagulase-negative staphylococdi in livestock
environments. Vet Microbiol. 200: 79-87.

Sergio DMB, Koh TH, Hsu L-Y, Ogden BE, Goh ALH and Chow PKH. 2007. Investigation of
meticillin-resistant Staphylococcus aureus in pigs used for research. J Med Microbiol.
56: 1107-1109.

Shopsin B, Gomez M, Montgomery SO, Smith DH, Waddington M, Dodge DE, Bost DA,
Riehman M, Naidich S and Kreiswirth BN. 1999. Evaluation of protein A gene
polymorphic region DNA sequencing for typing of Staphylococcus aureus strains. J
Clin Microbiol. 37: 3556-3563.

Sinlapasorn S, Lulitanond A, Angkititrakul S, Chanawong A, Wilailuckana C, Tavichakorntrakool
R, Chindawong K, Seelaget C, Krasaesom M, Chartchai S, Wonglakorn L and
Sribenjalux P. 2015. SCCmec IX in meticillin-resistant Staphylococcus aureus and
meticillin-resistant coagulase-negative staphylococci from pigs and workers at pig
farms in Khon Kaen, Thailand. J Med Microbiol. 64: 1087-1093.

Smith TC, Male MJ, Harper AL, Kroeger JS, Tinkler GP, Moritz ED, Capuano AW, Herwaldt LA
and Diekema DJ. 2009. Methicillin-resistant Staphylococcus aureus (MRSA) strain
ST398 is present in midwestern U.S. swine and swine workers. PLOS ONE. 4: e4258.

Strommenger B, Kettlitz C, Werner G and Witte W. 2003. Multiplex PCR assay for
simultaneous detection of nine clinically relevant antibiotic resistance genes in
Staphylococcus aureus. J Clin Microbiol. 41: 4089-4094.

Sutcliffe J, Grebe T, Tait-Kamradt A and Wondrack L. 1996. Detection of erythromycin-
resistant determinants by PCR. Antimicrob Agents Chemother. 40: 2562-2566.
Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE, Persing DH and Swaminathan B,
1995. Interpreting chromosomal DNA restriction patterns produced by pulsed-field
gel electrophoresis: criteria for bacterial strain typing. J Clin Microbiol. 33: 2233-2239.

van Duijkeren E, lkawaty R, Broekhuizen-Stins MJ, Jansen MD, Spalburg EC, de Neeling AJ,
Allaart JG, van Nes A, Wagenaar JA and Fluit AC. 2008. Transmission of methicillin-
resistant Staphylococcus aureus strains between different kinds of pig farms. Vet
Microbiol. 126: 383-389.

van de Klundert JAM and Vliegenthart JS. PCR detection of genes coding for aminoglycoside-
modifying enzymes. In: Diagnostic Molecular Microbiology. Principles and
Applications. Persing DH, Smith TF, Tenover FC, and White TJ (eds.). Washington, DC:
American Society for Microbiology, 1993, pp. 547-552.

Vanderhaeghen W, Hermans K, Haesebrouck F and Butaye P. 2010. Methicillin-resistant
Staphylococcus aureus (MRSA) in food production animals. Epidem Infect. 138: 606-
625.

41



Vestergaard M, Cavaco L, Sirichote P, Unahalekhakac A, Dangsakul W, Svendsen C and
Aarestrup F and Hendriksen R. 2012. SCCmec type IX element in methicillin resistant
Staphylococcus aureus spa type t337 (CC9) isolated from pigs and pork in Thailand.
Front Microbiol. 3.

Wagenaar JA, Yue H, Pritchard J, Broekhuizen-Stins M, Huijsdens X, Mevius DJ, Bosch T and
Van Duijkeren E. 2009. Unexpected sequence types in livestock associated
methicillin-resistant Staphylococcus aureus (MRSA): MRSA ST9 and a single locus
variant of ST9 in pig farming in China. Vet Microbiol. 139: 405-409.

Wendlandt S, Fefiler AT, Monecke S, Ehricht R, Schwarz S and Kadlec K. 2013a. The diversity
of antimicrobial resistance genes among staphylococci of animal origin. Int J Med
Microbiol. 303: 338-349.

Wendlandt S, Li B, Lozano C, Ma Z, Torres C and Schwarz S. 2013b. identification of the
novel spectinomycin resistance gene spw in methicillin-resistant and methicillin-
susceptible Staphylococcus aureus of human and animal origin. J Antimicrob
Chemother. 68: 1679-1680.

Wendlandt S, Lozano C, Kadlec K, Gomez-Sanz E, Zarazaga M, Torres C and Schwarz S.
2013c. The enterococcal ABC transporter gene (sa(E) confers combined resistance to
lincosamides, pleuromutilins and streptogramin A antibiotics in methicillin-
susceptible and methicillin-resistant Staphylococcus aureus. J Antimicrob
Chemother. 68: 473-475.

42



Output 91nlAsen153TedléFunnann ana,

1. naufinanagARuw LS ITINSTERULUIaN A

Chanchaithong P, Perreten V, Am-in N, Lugsomya K, Thummaruk P and Prapasarakul P. 2018.

First detection of methicillin-resistant Staphylococcus aureus ST398 with a
composite staphylococcal cassette chromosome mec and heterogenous strains in
pigs and swine workers from Central Thailand. Zoonoses and Public Health.
(Manuscript in Preparation)

2. Namuﬁ%ﬁﬂﬂLﬂuﬁ]‘L‘l&mﬁﬂ%ﬁmﬁ‘tﬂﬂ%s The 9" International Conference on Antimicrobial
Agents in Veterinary Medicine (AAVM) Faawdaluiudl 16-19 naAY 2561 £ n':;ﬂ‘su

Uszmnadma

43



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Journal

Zoonoses and Public Health

Original Article

Title

First detection of methicillin-resistant Staphylococcus aureus sequence type
398 with a composite staphylococcal cassette chromosome mec and

heterogeneous strains in pigs and swine workers from Central Thailand

Short running title

First swine MRSA ST398 detected in Thailand

Authors
Pattrarat Chanchaithong', Vincent Perreten?, Nutthee Am-in®, Kittitat

Lugsomya', Padet Tummaruk® and Nuvee Prapasarakul’

Author’s affiliation institution

1Department of Veterinary Microbiology, Faculty of Veterinary Science,
Chulalongkorn University, Bangkok 10330, Thailand

%|nstitute of Veterinary Bacteriology, Vetsuisse Faculty, University of Bern,
Bern CH-3001, Switzerland

3Department of Obstetrics, Gynaecology and Reproduction, Faculty of

Veterinary Science, Chulalongkorn University, Bangkok 10330, Thailand



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Summary

The study aimed to characterize methicillin-resistant Staphylococcus
aureus (MRSA) colonizing pigs and swine workers in Central Thailand. MRSA
were recovered from 59 of 607 (9.72%) from pig samples with 37.03% herd
prevalence (10/27 farms) and from 3 of 38 swine workers. Of 63 isolates, the
MRSA carried staphylococcal cassette chromosome mec (SCCmec) V
(n=41), SCCmec IX (n=9), a composite SCCmec (n=12) and non-typeable
SCCmec (n=1). SCCmec IX was associated with MRSA-ST9-t337, MRSA-
ST398-t034 and MRSA-ST4576-t034, a new single locus variant of ST9.
Other SCCmec were carried by MRSA-ST398-t034 only, except one negative
spa amplification. The isolates exerted multidrug resistance and carried
common resistance genes found in livestock-associated MRSA such as
Isa(E), Inu(B), cfr, fexA, vga(A) and spw. With molecular characteristics,
resistance and PFGE patterns supported evidence of clonal spreading and
pig-to-human transmission. This is also the first report of MRSA ST398
distributing in swine herds and workers and the presence of multidrug
resistance cfrin ST9 in Thailand. Minor variation of molecular features and
resistance gene carriage in both STs represented heterogeneous population
and evolution of endemic clones. Monitoring program and farm management
with prudent antimicrobial uses are needed to reduce the emergence and
spreading. Together, strict hygiene and personal protection are necessary to

prevent the acquired LA-MRSA in humans.

Keywords:

Central Thailand; Heterogeneity; Pigs; MRSA; Swine workers
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Impact

e Swine methicillin-resistant Staphylococcus aureus (MRSA) ST398 was
firstly detected in Thailand presenting the spread of major livestock-
associated (LA-) MRSA clone in the country.

e Heterogeneous MRSA clonal complex (CC) 398 and CC9 containing
various staphylococcal cassette chromosome mec (SCCmec) types
and resistance genes illustrated endemic evolution of the LA-MRSA.

¢ |dentical characteristics supported evidences of pig-to-worker
transmission and distribution in pigs in this region.

e The first finding of cfr in the swine MRSA alarmed an emergence of

resistance to critically-important antimicrobials in human medicine.

Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is one of major
resistance bacteria opportunistically causes serious infections with limited
antimicrobial treatment option (Rodvold & McConeghy, 2014). Antimicrobial
uses in livestock production were associated with emergence of livestock-
associated MRSA (LA-MRSA) specifically clonally spreading worldwide
(Barton, 2014). Pigs are recognized as a reservoir of LA-MRSA that can be a
source of transmission to humans, especially in swine workers and their
household members, and foodborne transmission by contamination in meat
products (Vestergaard et al., 2012). By multilocus sequence typing (MLST),
LA-MRSA is commonly specific to sequence type (ST) 398, ST9 and ST49
(Cuny et al., 2015, Overesch et al., 2011). In addition to resistance to j3-

lactams, LA-MRSA can usually mediate multidrug resistance by accumulation
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of maobile elements encoding multiple resistance mechanisms and commonly
contains uncommon resistance genes, which are not found in human MRSA.
MRSA-ST398 is firstly detected in France and has increasingly reported in
Europe and North America, but in Asia this clone is endemic only in few
countries, and has not been detected in livestock in Thailand. In Asian
countries, MRSA-ST9 is endemic in China, Hong Kong, Taiwan, Malaysia and
Thailand (Chuang & Huang, 2015). Previous studies proposed pigs and swine
workers in northern and northeastern parts of Thailand carry MRSA-ST9
(Sinlapasorn et al., 2015, Larsen et al., 2012, Patchanee et al., 2014, Anukool
et al., 2011), and infection by this clone was found in community (Lulitanond
et al., 2013). Evidences of MRSA-ST398 colonizing human and canine hosts
were reported (Li et al., 2011, Chanchaithong et al., 2014), but livestock origin
of this ST is still unknown in the country. The central part of Thailand is a
region for swine production, but epidemiological information of LA-MRSA is
relatively rare. Thus, the objectives of this study were to detect MRSA in pigs
and swine workers in Central Thailand and to reveal its genotypic

characteristics as well as antimicrobial resistance phenotypes and genes.

Materials and Methods
Sources of sample

From May 2015 to April 2017, 607 swine samples were obtained by
nasal swabbing from pigs in 27 farms located in Central Thailand, including
Nakhon Pathom (2 farms, NP1-NP2) , Ratchaburi (1 farm, RB1),
Kanchanaburi (2 farms, KB1-KB2), Suphanburi (10 farms, SB1-SB10) and

Prachinburi (8 farms, PB1-PB8) Provinces, and Nakhon Ratchasima Province
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(4 farms, NR1-NR4). Two farms were farrow-to-finish (FF) holdings, and 12
and 13 farms were farrow-to-wean (FW) and wean-to-finish (WF) holdings,
respectively. Pigs in different age-group included 80 sows, 210 suckling
piglets aged <3 weeks (S-piglets), 156 nursery pig aged 3-8 weeks (N-pigs)
and 161 fattening pigs aged >8 weeks (F-pigs). All FF and WF farms used in-
feed antimicrobials consisting of amoxicillin and tiamulin in nursery period,
and no in-feed antimicrobial was prescribed in sows, S-piglets and F-pigs in
all farms. Samples from three piglets per litters were pooled, and individual
sampling was performed in other age-groups. Sampling protocol was
approved by The Chulalongkorn University Animal Care and Use Committee
(CU-ACUC) with the Animal Use Protocol No. 1631051.

Thirty-eight swine workers from 16 farms were consented for human
sampling by nasal swabbing at the same period. The protocol was approved
by The Ethics Review Committee for Research Involving Human Research
Subjects, Health Sciences Group, Chulalongkorn University (No. 198.1/59).
Preserved swabs in Stuart’s transport medium (Difco, France) at 4 °C were
sent for culture within 24 h. The Chulalongkorn University Faculty of
Veterinary Science Biosafety Committee (CU-VET-BC) certified biosafety of

the study providing the Biosafety Use Protocol No. IBC1631037.

MRSA isolation and identification

Swabs were inoculated in 5 mL of Muller-Hinton Broth (Difco, France)
with 6.5% NaCl and 4 pg/ml cefoxitin. The 0.5 mL of first inoculum was
transferred into 4.5 mL of phenol red mannitol broth with 3.5 ug/ml cefoxitin

before plating onto tryptic soy agar with 5% sheep blood. Each step required
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incubation at 32°C for 48 h. Hemolytic S. aureus colonies were selected and
primarily identified by gram-positive coccal staining, positive catalase and
coagulase production. Presence of 359-bp nuc amplification by PCR
genotypically identified S. aureus (Sasaki et al., 2010). Bacterial DNA was
isolated using Nucleospin® Tissue DNA extraction kit (Machery-Nagel,
Germany). Cefoxitin disk diffusion test and mecA PCR were employed for

methicillin resistance detection (EUCAST, 2017) (Strommenger et al., 2003).

Antimicrobial susceptibility

Minimal inhibitory concentration (MIC) of 19 drugs including cefoxitin
(FOX), penicillin (PEN), tetracycline (TET), gentamicin (GEN), kanamycin
(KAN), streptomycin (STR), erythromycin (ERY), clindamycin (CLI),
ciprofloxacin (CIP), chloramphenicol (CHL), rifampicin (RIF), tiamulin (TIA),
sulfamethoxazole (SMX), trimethoprim (TMP), mupirocin (MUP), fusidic acid
(FUS), dalfopristin/quinupristin (SYN), linezolid (LZD) and vancomycin (VAN)
were determined by broth microdilution assay using EUST customized plate
(Trek Diagnostic Systems Ltd, UK). Inducible clindamycin (iCLI) resistance
was detected by D-zone test. Resistance was interpreted according to
breakpoints recommended by The European Committee on Antimicrobial

Susceptibility Testing (www.EUCAST.org).

Molecular typing
All MRSA isolates were characterized by staphylococcal cassette
chromosome mec (SCCmec) typing, pulsed-field gel electrophoresis (PFGE)

and spa typing. SCCmec were typed by two multiplex PCR panels classifying
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ccr complex and mec complex (Kondo et al., 2007). DNA fingerprint analysis
was performed using Cfr9l-macrorestricted PFGE. Briefly, bacterial cells
embedded in 0.9% Seakem Gold agarose (Lonza, Rockland, ME) were lysed
by lysostaphin, lysozyme and detergents before chromosomal DNA digestion
by 50U of Cfr9l (Thermo Fisher Scientific Inc, Waltham, MA) (Argudin et al.,
2010). Macrorestriction fragments were separated using CHEF-DRIII PFGE
(Bio-Rad, Hercules, CA) with a switch time 5-40 s and a voltage of 6 V cm™
for 21 h). Dendrogram was constructed to illustrate genetic relatedness by
Gene Directory Software (Syngene, Cambridge, UK), using Dice coefficient
with unweighted pair group method using arithmetic averages (UPGMA) and
position tolerance at 1.0%, and more than 80% band similarity were clustered
in the same group (Figure 1). Polymorphic X region of spa gene was amplified
and sequenced for spa typing (http://spaserver.ridom.de) (Harmsen et al.,
2003). Representative isolates from different host and farm origins exhibiting
different SCCmec types, spa types and DNA fingerprint patterns were
selected for MLST analysis (Enright et al., 2000). Seven housekeeping genes

were sequenced for MLST as described (www.pubmlst.org).

Resistance gene detection

Gram-positive resistance genes were screened in representative
isolates by customized DNA microarray tube version AMR+ve-5 (Alere
Technologies GmbH, Jena, Germany) (Perreten et al., 2005). PCR were used
to illustrate the presence of specific resistance genes in all MRSA isolates

(Supplementary Table).
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Results
MRSA distribution

Of 607 pig samples, 59 (9.72%) were MRSA-positive from 10 of 27
farms (NP2, RB17F, sB1™W sB7"F PB1™W, PB6YF PB7WF PB8"F NR2WF
and NR3"F). MRSA were isolated from three of 38 swine workers from three
farms (NP2F, sSB1™™ and PB4"F). Two positive swine workers were from
farms with MRSA-positive pigs, and another was from a farm with negative
MRSA isolation from pig (PB4"“F). MRSA were found in pigs from 2/2 FF
farms (NP2 and RB1FF), 2/12 FW farms (SP1™ and PB1™) and 6/13 WF
farms (PB6"'F, PB7"F, PB8"F, sSP7"F, NR2"F and NR3"'F).Both MRSA-
positive FW farms had history of supplying piglets to the MRSA-positive WF
farms. Table 1 summarizes MRSA carriage in different age-groups of pig and

worker from the positive farms.

Molecular characteristics

A total of 63 MRSA isolates, including 60 swine and three human
MRSA isolates were included for SCCmec typing, spa typing and DNA
fingerprint analysis (Table 1). Three SCCmec types were identified in the
MRSA isolates including SCCmec V (n=41), IX (n=9) and a novel SCCmec
composite island (CI) (n=12), consisting of ccrA1B1, ccrC and class C mec
complex, and one isolate was non-typeable having negative ccr and mec
amplification. Spa types of the isolates were t034 (n=55) and t337 (n=7), and
one isolate presented negative X-region of spa amplification.

PFGE dendrogram illustrated 5 clusters (A to E) in Figure 1. Band

patterns of the isolates from the same farm with the same SCCmec type, spa
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type and antimicrobial resistance profile were identical. PFGE cluster analysis
was consistent with MLST, SCCmec and spa typing. The representative
isolates belonged to three STs including ST398, ST9 and ST4576. The
ST4576 was a new single locus variant (SLV) of ST9 by a substitution
mutation (C335T) of glpF, resulting in allelic profile 3-3-625-1-1-1-10 which
belonged to clonal complex (CC) 9. MRSA-ST9 and MRSA-ST4576 harbored
SCCmec IX and had spa t337 and t034, respectively. MRSA-ST398 were
associated with spa t034 only and grouped in PFGE cluster C, D and E, but
one isolate was spa-negative and carried SCCmec IX. SCCmec V and the
SCCmec Cl were found in MRSA-ST398 isolates, and SCCmec of one ST398

isolate could not be classified.

Antimicrobial resistance phenotypes and genes

Antimicrobial resistance phenotypes and genes are illustrated in Table
2. All MRSA isolates exhibited resistance to PEN, FOX, CLI, TET, STR, CIP,
TIA and TMP. Resistance to VAN, RIF, FUS and MUP and iCLI resistance
were not found in all isolates. The isolates showed resistance to ERY (60/63),
GEN and KAN (21/63), CHL (8/63), SYN (61/63) and SMX (5/63). By gene
detection, most of isolates had mecA, blaZ and dfrG. Three tet genes were
detected including tet(M) (63/63), tet(K) (55/63) and tef(L) (5/63). Only three
isolates carried single tef(M), but 60 isolates carried two tet genes, including
tet(M)+tet(L) (5/63) and tet(M)+tet(K) (565/63). Genes encoding
aminoglycoside-modifying enzymes were found including aadD (60/63), aadE
(55/63) and bifunctional aacA-aphD (21/63). Sixty isolates carried

erythromycin resistance methylase gene including single erm(B) (5/63) or
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erm(C) (34/63) and erm(A)+erm(C) (8/63) and erm(A)+erm(B) (13/63). The
same 55 isolates contained genes encoding lincosamide-nucleotidyl
transferase (/nu(B)), ABC exporter (/sa(E)) and spectinomycin
adenyltransferase (spw), and spc and vga(A) and cfr gene was found in 21, 8
and 5 isolates, respectively. Two genes encoding phenicol resistance
mechanisms were detected including fexA (5/63) and cafyc221 (3/63), and cfr
mediating ribosomal methylase was detected in the same fexA-positive

isolates.

Clonal relatedness of MRSA from different origins

MRSA ST398 distributed in nine swine farms in Central Thailand. With
genotypic characteristics, MRSA-ST398-V-t034-C (ST-SCCmec-spa-PFGE
cluster) colonizing pigs in PB1™, PB7YF, PB8"F, NR2"YF, NR3VF, SB1™W and
SB7"F was the most prevalent characteristics. Isolates from SB farms
contained additional erm(A) and spc which were not found in those from PB
and NR farms. The SB1™ and PB1™ supplied piglets to SB7"F and PB7"F,
PB8"F, NR2"F and NR3"F, respectively that shared the strains with same
genotypic and antimicrobial resistance characteristics. These particular strains
from sows and piglets in each FW farm also had identical characteristics. One
MRSA ST398-1X-neg-C was also found in a pig from PB7"F. MRSA ST398-
CI-t034-E and MRSA-ST398-NT-t034-E were recovered from NP2 only. A
closely-related ST398-CI-t034-D was isolated the swine MRSA-negative
PB4"F. MRSA CC9 isolates were found in pigs in three farms (RB1, PB6 and
PB8). MRSA-ST9-IX-t337-A expressing linezolid resistance was found in

RB1™, but those from PB6"F were susceptible to linezolid and lacked cfr,
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fexA and erm(B). The MRSA-ST4576-1X-t034-A from PB8"" shared the same
resistance phenotype and gene pattern with MRSA-ST9-IX-t337-A isolates
from PB6"". Human MRSA-ST398-V-1034-C and ST398-CI-t034-E isolates
had the identical characteristics with the swine isolates from the same farm

origins.

Discussion

This study presents the prevalences of MRSA-positive swine herds
(37.03%) and pigs (10.21%) in Central Thailand and the distribution in this
area. Previous studies reported herd prevalences of MRSA ranged 9.61-
25.00% and prevalences in pigs are 0.62-10% in northern and northeastern
parts of Thailand (Anukool et al., Patchanee et al., 2014, Larsen et al., 2012,
Sinlapasorn et al., 2015). High up to 40% (6/15) of MRSA-positive pigs in a
farm in Samuth Sonkhram province of central Thailand is indicated
(Vestergaard et al., 2012). Pigs in swine industry are considered as a
reservoir for LA-MRSA in Europe, the US and Asian countries (Graveland et
al., 2011, Chuang & Huang, 2015, Smith, 2015). A recent study from Portugal
showed the highest prevalence up to 99% in piglets (Conceicao et al., 2017).
The variation of proportion might be affected by many factors of the studies
such as isolation procedures, sampled populations and geographical areas.
Evidence showed 100% of 9-12-week-old pigs are MRSA carrier, and 36% of
adults are colonized (Smith et al., 2009). Colonization rates in pigs younger
than 12 weeks are significantly higher (Fang et al., 2014, Smith et al., 2009).
Accordingly, colonization was higher in early stage of cultivation that seemed

to be the most susceptible period. Transmission and proliferation in this period
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could be promoted by pooled grouping of pigs and in-feed antimicrobial
selective pressure (Broens et al., 2012). The 7.89% prevalence in swine
workers were relatively low, compared to 20-80% from previous studies
(Smith et al., 2009, Conceicgéo et al., 2017, Khanna et al., 2008, Oppliger et
al., 2012). High density and large-scale farming are indicated as a risk for
human colonization by LA-MRSA (Fang et al., 2014, Battisti et al., 2010).
Several transmission routes can promote MRSA circulation in endemic farms
including direct and indirect contact, airborne and environmental
contamination (Broens et al., 2012, Friese et al., 2012, Broens et al., 2011).
Even lower colonization in fattening stage, presence of MRSA in slaughtering
processes and pork has been evidenced (Vestergaard et al., 2012, Beneke et
al., 2011). Contamination in products should be further investigated to know
current possibility for foodborne transmission. As an occupational risk, strictly
personal hygiene, monitoring and infection control program are highly
recommended to reduce the risk of swine MRSA colonization in related
personnel.

The MRSA isolates belonged to CC398 and CC9 which are major
livestock-associated clones distributing worldwide and Asia, respectively. This
is the first detection of swine MRSA-ST398 distribution in Thailand, whilst
MRSA-ST9 have been previously isolated (Larsen et al., 2012, Sinlapasorn et
al., 2015). Widespread MRSA-ST398 is the predominant LA-MRSA
disseminating in many parts of the world. Over a decade, this is recognized as
the major LA-MRSA clone in Europe, North America and can be found only in
some Asian countries including South Korea and Singapore (Lim et al., 2012,

Sergio et al., 2007). Only a single spa t034 was associated in Thai MRSA-
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325

ST398 strains representing shared common ancestral subtype of this clone
disseminating in the country and Asia (Lim et al., 2012, Asai et al., 2012).
Despite t034 is one of the predominant spa types found in MRSA CC398 in
Europe, others such as t011, t108 and t889 are also prevalent and
heterogeneous (Battisti et al., 2010, Conceicao et al., 2017, Mroczkowska et
al., 2017, Kadlec et al., 2009, van Duijkeren et al., 2008). MRSA-ST9 was
also found in as same as in the northern and northeastern provinces
(Patchanee et al., 2014, Sinlapasorn et al., 2015), but was less prevalent than
ST398 in central Thailand. Likewise, MRSA ST9 distributed in many Asian
countries, but different spa types associated with this clone in mainland China
and Hong Kong (1899), Taiwan (1337, t1430) and Malaysia (t4358) (Wagenaar
etal., 2009, Fang et al., 2014, Guardabassi et al., 2009, Neela et al., 2009).
Swine S. aureus-ST9 usually are methicillin-susceptible from European
reports (Mroczkowska et al., 2017, Kehrenberg et al., 2009). Not at all,
MRSA-ST9-t4794 strains was firstly detected in Italian finishing herds (Battisti
et al., 2010). Indeed, only two spa types (t034 and t337) were detected and
were virtually specific to MRSA-ST398 and MRSA-ST9 in our study,
respectively. These represented dual endemic major LA-MRSA clones spread
in Thai swine herds in the central part.

SCCmec V and SCCmec Cl were identified in MRSA ST398-t034. The
SCCmec V, consisting of class C mec complex and type 5 ccr complex, is
more common in MRSA CC398 (Vanderhaeghen et al., 2010). MRSA-ST398
and other staphylococcal species isolated from canine and human sources in
Thailand also carried SCCmec V suggesting the most common SCCmec of

strains derived from animals in the country (Chanchaithong et al., 2014). The
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345
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350

novel SCCmec Cl classified by the presence of two ccr sets (ccrA1B1 and
ccrC) was harbored by swine and human MRSA-ST398-t034. These ccr
components possibly illustrated a hybrid form between SCCmec V and
SCCmec IX that both are commonly found in MRSA from Thailand. The
SCCmec IX is firstly identified from the MRSA-ST398 strain from a Thai swine
practitioner and were widely reported in MRSA-ST9 from swine and related
workers (Sinlapasorn et al., 2015, Li et al., 2011). It is speculated that type V
and IX SCCmec and the Cl could be evolved in the endemic strains in the
country. The complete structure of SCCmec Cla6 in S. pseudintermedius was
firstly misclassified as a single combination between class A mec complex
and type 1 ccr complex using multiplex PCR with non-specific ccrB primer
(Chanchaithong et al., 2014, Chanchaithong et al., 2016). Therefore, the
formation of new SCCmec ClI or structure of non-typeable SCCmec need to
be described by complete cassette sequencing in further study. The MRSA-
ST9-t337 carried SCCmec IX distributing in central Thailand were consistent
with the previous reports, but association between ST4576 in CC9 carrying
SCCmec IX and t034 was firstly identified. A common spa t899 in European
MRSA-ST398 is also found in MRSA-ST9 carrying SCCmec IV or V
(Guardabassi et al., 2009, Fang et al., 2014). With the shared SCCmec IX
and spa t034, a supporting evidence suspects that horizontal transfer of large
fragment including spa region and SCCmec between ST9 and ST398 could
be possible as well as a hybridization of ST8-like and ST30-like chromosome
in ST239 (Price et al., 2012, Robinson & Enright, 2004). Besides, many
reports show major spa t337 associated with methicillin-susceptible S.

aureus-ST9, and MRSA-ST9 from other countries carry IV and V suggest that
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the endemic Thai MRSA-ST9 had a specific acquisition of SCCmec IX in
swine population in the country. The current findings of heterogeneous
characteristics by STs, various SCCmec and ectopic spa could infer
continuous evolution of LA-MRSA in Thai swine herds.

All MRSA expressed multidrug resistance phenotypes and carried
multiple resistance genes. Most of resistance gene families are found in
staphylococci and gram-positive species, conferring resistance to common
available antimicrobial classes used in human and veterinary medicine.
Resistance to some drugs could be mediated by more than a single
mechanism or gene such tetracycline, erythromycin and clindamycin,
reflecting high accumulation of acquired resistance determinants. Liked LA-
MRSA isolated previously, tet genes were carried in the isolates, including
transposon-borne tet(M) and plasmid-borne tet(K) or tet(O), and erm(A),
erm(B) and erm(C) abundantly disseminated in LA-MRSA (Wendlandt et al.,
2013). Dihydrofolate reductase gene dfrG was found in both CC9 and CC398
from pigs and swine workers, but MRSA-ST398 from canine and veterinarians
from our previous study contained dfrA (Chanchaithong et al., 2014). This
minor difference possibly means distinct events of gene acquisition and
different spreading of ST398 subpopulation among pigs, dogs and related
humans in Thailand. Resistance gene carriage and resistance phenotypes of
were mostly specific to molecular characteristics and origins of the isolates.
Bifunctional aacA-aphD was carried in the MRSA CC9 and MRSA-ST398-
SCCmec ClI, but not in MRSA-ST398-SCCmec V. The CC9 isolates exhibited
CHL resistance from different resistance genes from different farms. Those

from RB1F carried fexA and cfr, which having genetic linkage on Tn558
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(Kehrenberg & Schwarz, 2006), whereas other CC9 isolates had the plasmid-
borne catyco01. Presence of cfr is highly concerned as a public health threat
due to the cross-resistance activity to streptogramin A and oxazolidinones,
last-resort antimicrobial groups for treatment of serious MRSA infections. All
CC9 and ST398 isolates harbored vga(A) and /sa(E) mediating lincosamide-
pleuromutilin-streptogramin A resistance, respectively. The co-localization of
Isa(E) and Inu(B) is firstly detected on the multidrug resistance plasmid
pV7037 carrying aadE, aacA-aphD and erm(B) of MRSA-ST9-t899 (Li et al.,
2013). These genes could be found in MRSA-ST398-SCCmec Cl and ST398-
SCCmec V from Suphanburi. The difference of resistance gene carriage in
MRSA-ST398 lineage in this study supported different and continuous genetic
alteration for the evolution of mobile elements in LA-MRSA strains. Also,
MRSA-ST398 strains had spw, while only SCCmec Cl-carrying strains carried
physically-linked erm(A) and spc (Feldler et al., 2010). The vga(A), Isa(E),
Inu(B), cfr, fexA, spc and spw are uncommon resistance genes in human
MRSA but widespread in MRSA from animal origins that are acquired by
bacteria in the same niches and antimicrobial exposure in livestock (Kadlec et
al., 2012). Resistance to VAN, RIF, FUS and MUP were absent as well as
rarely found in other studies. However, ileS2-carrrying ST398 exhibiting high-
level mupirocin resistance is found reflecting the risk of introduction of this
drug in small animal medicine (Chanchaithong et al., 2014). As evidenced,
these MRSA CC9 and ST398 from different sources showed heterogeneous
accumulation of acquired resistant determinants to be successful clones in

animals in the country.
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Clonal distribution, endemic circulation and pig-to-human transmission
in among these populations could be supported by their identical features.
MRSA-ST9-1X-t337-A carrying cfr and fexA and MRSA-ST398-CI-t034-E
could be recovered from RB1 and NP2 presenting specific subclonal
lineages circulating in the farms. Also, identical characteristics of swine and
human strains from NP2 and SB17" demonstrated possible pig-to-human
transmission of LA-MRSA (Table 2). MRSA-ST398-NT-t034-E and MRSA-
ST398-1X-neg-C were heterogeneously recovered and were in the same
PFGE cluster with the major strains from pigs in NP2FF and PB7"F,
respectively, presenting minor changes from the main lineages in
hypervariable regions as SCCmec and spa. Also in CC9, MRSA-ST9-IX-t337
in PB6"F and MRSA-ST4576-1X-t034 in PB8"" had minor variant by a single
locus mutation, spa type and acquisition of resistance genes. Identical
characteristics of MRSA-ST398-V-t034-C with the resistance gene patterns
supported transmission between farms having history of supplying from
PB1™ and SB1™". MRSA-ST398-CI-t034 also contained erm(A), erm(B),
aacA-aphD and spc which were not found in MRSA-ST398-V-t034 suggesting
divergent evolution in this clone mediated by genetic recombination and
horizontal transfer. Only ST398 was recovered from swine workers in our
population, but human colonization by MRSA-ST9 is also demonstrated in
Thailand. Both associated with infection have been increasingly reported
worldwide that are suspected as livestock-to-community spreads (Lulitanond
et al., 2013).

This study provides more details about molecular epidemiological

information of LA-MRSA spreading in swine herds and workers in Thailand.
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MRSA ST398 was also endemic in the country and illustrated heterogeneous
features as well as MRSA ST9. Transmission to human was also possible that
considered as an occupational risk. Presence of cfr alarmed an emergence of
resistance to critically-important drugs in human medicine. Monitoring in
products, other livestock, and human clinical cases can fulfill the current
situation in one health concept in the country. Personal protection and strict
hygiene, farm management and judicious antimicrobial use need to be

promoted to reduce the emergence and spread to human.
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Table 1. Methicillin-resistant Staphylococcs aureus in pigs and swine workers

Origin Age-group Proportion Proportion Positive farm’™  Studied
of MRSA- of MRSA- isolates
positive positive pig
farm

Pig

Sows 2/6 4/80 SB1, PB1 4
S-piglets*§Y]  3/13 5/210 SB1,PB1, NP2 5
N-pigs 7/9 37/156 NP2, RB1, 38
SB7, PB7,
PB8, NR2,
NR3
F-pigs 4/9 13/161 NR2, RB1, 13
PB6, PB7

Swine 3/16 3/38 NP2, SB1,PB1 3

worker

MRSA, methicillin-resistant Staphylococcus aureus; F-pigs, fattening pigs; N-
pigs, nursery pigs; S-piglets, suckling piglets

SB, Suphanburi; PB, Prachinburi; NP, Nakhon Pathom; RB, Ratchaburi; NR,
Nakhon Ratchasima

*Three S-piglets per litter
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Figure legends

Figure 1

Dendrogram constructed by Cfr9l-macrorestricted pulsed-field gel
electrophoresis using unweighted pair group method using arithmetic
averages, 1% position tolerance and 80% similarity grouped in the same
cluster and molecular typing illustrating genetic relatedness of methicillin-
resistant Staphylococcus aureus isolated from pigs and swine workers in

central Thailand

Figure 2

Diagram demonstrating possible distribution and transmission of methicillin-
resistant Staphylococcus aureus (MRSA) by genetic characteristics in pigs
and swine workers in MRSA-positive farms in central Thailand in this study
(Farm and province: PB, Prachinburi; SB, Suphanburi; RB, Ratchaburi; NR,
Nakhon Ratchasima; NP, Nakhon Pathom. Holding operation: FF, farrow-to-
finish; FW, farrow-to-wean; WF, wean-to-finish. Grey box: S, sow; P, suckling

piglet; N, nursery pig; F, fattening pig)
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