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(Executive summary) 

Methicillin-resistant Staphylococcus aureus (MRSA) b'U'Ubb'Uflvib1t.1t€lt.11'lJ'Uvl�ilrr-;n:wG11�11J 

vh1 vf bn\>l m1�v1 b �€1 bb'mn.-if mm 'U'Uult.1 fammb'1�fl11b�€l nm �1't,Fil'1�'W1 'Wfl11�m�1 b ll'Wllil€J 81��1ti' l>l 

€l'U�'ll€l�b�€lbb'Uflvib1t.1t€lt.11 MRSA �bMt.116LJ€l�tl'U'Ufl6"M1v(fa livestock-associated MRSA (LA-MRSA) 
' ' 

2012) LA-MRSA iln�m11t.1i'Wq�1bb'Wn Lvlt.lb'Vlfl'Ufl multilocus sequence typing (MLST) �il 

fl11:W�1b'W1�b'U'W sequence type (ST) 398, ST9 bb'1� ST49 b'U'W�'W (Cuny et al., 2015; Overesch et 

al., 2011) 'W€lmnnm1t€lt.11nci:w A-lactams bb6)1 LA-MRSA iJ'nilflru61:W'U�m1t€lt.11�1mrn�w111mt.1'lJ'U\>l 
'f t-' 'f I\ 

�nnm1llil�'Ubb'1�61�61:WG111i'Wqm1:w�bfl�€J'W81t.1llil (mobile genetic element Vl1€l MGE) �il8'Wt€Jt.11 

bb'1�il'nb'U'W'lJ'Uvl�1lJ'W'U 1 'W MRSA 611 t.1i'W6�'W'U 1 'W:W'W'l?JfJ MRSA-ST398 ilm111 t.1�1'Wfl{� bb 1n 1 'W'U';i� b'Vlfl 
' ' 

cJ1� bf'l1G'Hb'1� �€lmil 11t.1�1m �:wm nt'W 1 'W�MG11V1m1:w m1 b� t.1�� m1 'W'U1� b 'Vlf1�1� �i1 fan� 1 m��1 'W 'Vl1'U 

� 11'\.J 'Vl1'1Jm:w�m b Vl'W€J bbML 'W'Vl1'Ub€l b�t.l'W'U llil�'IJ1� b'Vlf'llbn1Vlill� Bm���8'� llJbflt.1ilm111t.1�1'Wm1'W'U 1 'W�m 

1 'W'IJ1�b 'Vlfll 'Vlt.1mn€J'WV1U1tl 6'\TW MRSA-ST9 b'U'Wnci:wmt.1i'Wfl�ilnTJbb'W�m��1t.11 'W'U'a�b 'Vlflbbt1'U'Vl1'\.J 
' ' 

btlb�t.l llilbbfl �'W ri€l�rn l�w!'W :w7b'1b6/Jt.1 bb'1�l'Vlt.1 (Chuang and Huang, 2015) �1nm111t.1�1'Wfl€J'WVIU1 

1 'W'U'a�b 'Vlfll 'Vlt.1'W'Ub �€1 MRSA-ST91 'WG1mbb'1��\�t.1�61m�.n1m Vl'W €lbb'1�M�1'W €l€lrnut.1� b Vl'WeJ (Anukool et 
' 'IJ ' 

al., 2009; Larsen et al., 2012; Patchanee et al., 2014; Sinlapasorn et al., 2015) bb'1�'W'Un11�\>lb�€l 

1m'.h'.l1t.1'W€JrnbG1v1�fi�m1m��1t.1'lJ€l�b�eJ1'W'lJ:W'lJ'W (Lulitanond et al., 2013) MRSA-ST398 ilm111t.1�1'W 
" ' 

n 1 1 'W 'U b � eJ 1 'W fl 'W bb '1 � 61 'U 'lJ 1 'W 'lJ 1 � b 'Vl fl l 'Vl t.1 b vl 1 11 'W bb '1 � 8' � l iJ b fl t.1 il 11 t.1 � 1 'W bb VI ci � � :w 1 � 1 n 'lJ fl 6" M 1 
' ' 

(Chanchaithong et al., 2014; Li et al., 2011) b'lJM.fl1flnm�'ll€l�'U1�b'Vlfll'Vlm'U'WbbV1ci��M611Vlm1:wm1 
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�1bbVl'Ll\)'llffut\)fl1Wil�t\J'1leJ-:mur1vib�ti'bJ'l� (Kehrenberg and Schwarz, 2006) rn1i�'Ll1rn1tmJ1(111'Ll 

��'li�Vl�18'1l'Uvl'/JeN LA-MRSA bf1v1�1flfl11���:wm1i'Ll5f111:lJ�bf)�el'Ll818'l��'U11��'Llteim1viuilrn1 
' ' ' 

flzj:w'lh�'U1mu1�fleiu�-m�m� b�8\)b 'W'\l'J1{:w bb���'Ufl'LJ�\)1'Ll 1 'LlvJ1{:w�m1 m '1l\9lfl1f1fl�1\)'/JeJ\}'LJ1� b 'Vl� 

'l 'Vl 8 fl 11 bfl'U \911 el 81 \)� fl1'Yl1 fl11fl:lJ bfl'U�1 fl� fl 1\911 :lJ'U'Nel18'/JeJ\) fl11 bi 8 \)�lli 'Llbb ���'\l'J Tfo 1v18 bb 'LJ\) \911:lJ'Ul \) 
'I 'I q 'I 

�mbb 'LJ\)\911:!J1'U bb 'U'U fl11 e-J� \91 bb�� fl11'<ijvJ fl11fl 11b�8\)'LJ1� fl el'U�18 
' " 

(1) '\l'J11:lJbb'U'Uf11'lJ1\)�1 (farrow-to-finish Vl�el FF) il�m�\)bb�mfam �fl�mvivi'Ll:W �meJ'Ll'U1� bb��
'I 'l '\J 'I 'll 'I 'I 

(2) '\l'J1{:we-.1�\9l�fl�m (farrow-to-wean Vl�el FW) ilmJ�mbb���fl�mvivi'Ll:lJ
'll 'I 'I 'll 'I 'll 
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(PEN), tetracycline (TET), gentamicin (GEN), kanamycin (KAN), streptomycin (STR), 

erythromycin (ERY), clindamycin (CLI), ciprofloxacin (CIP), chloramphenicol (CHU, rifampicin 

(RIF), tiamulin (TIA), sulfamethoxazole (SMX), trimethoprim (TMP), mupirocin (MUP), fusidic 

acid (FUS), quinupristin/dalfopristin (SYN), linezolid (LZD) bb'1� vancomycin (VAN) \971t115 broth 

microdilution \971tl'q\1'1 EUST customized plate (Trek Diagnostic Systems Ltd, UK). fl11�€lt11 CLI 

bb '\J'\J b V1tit1 TU 1 \911T�\971 tl15fl11Vl1 D-zone fl11bb tJm,mm1�.
i

l 1-r'\J�eJ t11 �1'W�'1�'Y-lm Plt1A11n t]�m \911�1'W 

.\911l.J The European Committee on Antimicrobial Susceptibility Testing (www.EUCAST.org) 

5. fl1'a'Vl16lJij\1'161.JeN staphylococcal cassette chromosome mec (SCCmec) bb6'1:l:flruin�ru:::

mT�Vl1'1J'W\1'1'1JeJ..:J SCCmec \971t115 multiplex PCR b�eJV11'1J'W\1'1'1JeJ..:J mec gene complex bb'1� ccr

gene complex B'Wb'U'WeJ..:JA'lh�fleJ'\J (Kondo et al., 2007) Vl1fl11bb�\1'1..:JJ'Ubb'\J'Umt1'Wm�U1lleJ DNA 'IJeJ..:J 

b�eJ\971t115 pulsed-field gel electrophoresis (PFGE) b\1lt1€l1PltlbeJ'Wl61ltl�\1'1�1b'Y-l1�'1J'W\1'1 Cfr91 (New 

England Biolab, UK) (Argudin et al., 2010) 1'Wfl11�\1lm1'W'Wqm1l.J'IJeJ..:Jbm1iJ161ll.J'IJeJ..:J 5. aureus bb611 

bbtlf7'1J'W1\1'1\971tl CHEF-DRIii PFGE (Bio-Rad, Hercules, CA) bbJ1vi'1m1�\1lfl�m'\Jbb'\J'\J'IJeJ..:J'l1mhu DNA 
9 " 

�1tl 1 tJ·rnml.J Gene Directory (Syn gene, UK) b'U'W dendrogram €l1Pltl unweighted pair group 

method using arithmetic averages (UPGMA) b�eJ��J'Ubb'U'U'l1'W�1'W DNA �b'VllJeJ'Wfl'Wmflfl11 80% 

t'Wl tJ���fl�\1leJtj1'Wfl�l.Jb�tl1fl'W fl111�'LJ'l1'U\1'1 spa €J1Pltlfl11b�l.J�1'W1'W'IJ€J..:J�1'W polymorphic X region 

"" ,, 'IJeJ..:Jtl'W spa \1'11tl PCR bb '1 � tl 1 l tJ VI 1 � 1 Iii' '\J 'U 1 fl� 1 e) l Vl � bb 61 1  b tJ 1 ti '\J b VJ ti '\J fl '\J � 1 'W ,if e) lJ '1 
"' " 

(http://spaserver.ridom.de) (Harmsen et al., 2003) b�eJ�1flbbVl�..:J�m�1..::in'W�..:J'V-J11mb'1�b®'��bb'1�� 

m1 bb�\1'1..:Jflru�iJD�vi1..::i'w''W5m1iJoif 1..::i�'W�1 b'Y-l1� b � t1..::i b �m� t11�� b'U'W b �eJ�1 bbV1'W�flntl1l tJvn ST �1 t1 
9 9 SJ 

multilocus sequence typing (MLST) \971tlfl11'Vl1�11ii''Um1'W'Wq'm1l.J'IJ€l..:J 7 �'LI 'U1�fleJ'\.J�1tl arc, aroE,

glpF, gmk, pta, tpi bb'1� yqiL bb6l1b'U1tl'\.JbVltl'\.Jfl'\.J�1'WoifeJ�'11'Wb1'\.Jl61l� www.pubmlst.org (Enright et 

al., 2000) 
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'01m1V118'U�mJ1�'V'-l1Jlvi1 'Wbb'Ufl'Vlb�tlbbfl'a:lJ'U1f1'1JeJ,H '8eJ�1bb '\ll'U (il'JtJ DNA microarray (version 

AMR+ve 5) (Alere Technologies GmbH, Germany) (Perreten et al., 2005) '<iJ1rn!'U'01m1V118'U�el 

tJ1�'\.h1f1!]'<iJ1n�;;i DNA microarray 1'UVJm'8eJ(il1tJ15 PCR (mri�mn) 
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lil7'W��\1lb6/J\9'lfllflflm-.'.l�7'WTW 27 vhi&J 'lh�fleJ'Ulil'Jt.1�-.'.lV1l\1l'Wfl'fU\i&J 2 �11&-J (NP1 mi� NP2) mru�'W'U� 
"' V S 

\?1717-.'.l� 1 bb6'l�bnu�1eifJ1-.'.l�1m�\it.1-.'.l61m�1'W1'W 38 fl'W �1n 16 �11&-J (\91717-.'.l� 1) b\1lt.1�11&Jbb'U-.'.lm&J 
'U ' 

'J'Ubb 'U'Ufl1':ibit.1-.'.l 'U'J�flel'Ulil'Jt.l �7{&-J bb'U'Ufl'J'U'J-.'.l�';i (FF) �7'W'J'W 2 �7{&-J �7{&-Je-J�\916'lfl61m (FW) �7'W'J'W 
'U 'U ' 

,d 
'Vl'V'l'U MRSA 

NPl WF 

RB1 FF 

NRl 'Wrl'a'a1'1l�:l.l1 FW 

PB1 FW 

PB2 FW 

PB3 FW 

£'ln'ael'IJ'UTi;I 
' ' 

flnG'lmmJ'Ulfl 
" ' ' 

G'lfn'U'U 
' ' 

V 

rim�t.1-:iG'lm 

flnG'ln'a\9Wl'U:lJ 
" ' " 

V 

rl'Ub�t.1-:JG'ln'a 
' 

fl f1G'l n'a\9Wl'U:lJ 
" ' " 

r1 m fl t.1-:i G'l m 
' 

�1'1J1'1J (�11 

vi�e:ifll·:rnn)# 

25 

10 

20 

1 

20 

20 

10 

9 

4 

10 

10 

2 

10 

10 

2 

�1'1J1'1J�1Bcl1-:ivi'V'l'U MRSA 

(�Tt,11Bfll'aBn) 

0 

1 (10.00%) 

4 (20.00%) 

0 

0 

0 

2 (20.0%) 

1 (11.11%) 

0 

0 

0 

0 

0 

0 

0 
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(100%) bb?lv1'lfl11t€l�mn PEN, FOX, CU, TET, STR, CIP, TMP bbG'l� TIA bb6'1�hh-rurn1t€l�mn VAN, 

RIF, FUS, MUP bb6'l�fl11tmn cu bb'U'UbVl�81'W1 rn1t€lm�1'Ll�G'l�'\Al�'W'\Al'Ub'WeJ\9111�bb\9ln�1-:J1l'W 1�\bf-\ 
' 

SYN b'W�1'W1'W 61 �1f1 63 b6il€l (96.83%) ERY, GEN bbG'l� KAN b'W�1'W1'W 21 �nn 63 b6il€l (33.33%) CHL 

L'W�1'W1'W 8 �1n 63 b6ilB (12.70%) bbG'l� SMX L'W�1'W1'W 5 �1n 63 b6ilB (7.94%) 

t:-.mm1m1�V118'WtBm'\Al'U11'Vlm.ffB (100%) lJ8'W mecA bbG'l� blaZ vi11�bn!Yln6'1lnrn1t€181n�ii 
' ' 

�-lactam bbG'l� dfrG �vi11�bf11Yln6'11nrn1tB TMP \911i!ci'1�'U '\Al'U8'WtBm tetracycline 3 'U'Ll!Yl l(ilbbri 

tet(M) �Vl1b�bf11Yln6'1lnrn1t€J(il18 ribosomal protective protein b'WVJm.ffB 'U'Ll!Yl tet(K) b'W�1'W1'W 55 

�1n 63 b.ffB (87.30%) bbG'l� tet(L) L'W�1'W1'W 5 �1n 63 b.ffB (7.94%) 11Yl8?1€l-:J'U'Ll!Y1Vl�-:Jb'U'Wfl11tmb'U'Ufl11 

?1�1-:J 1tl1�'W��W1JG'l�b'Wfl11'U'U81€1€ln (tetracycline efflux protein) i-:idlJb'WtN 3 b.ff€l�lJb'W8-:J tet(M)

€181-:Jb�81 b6ilB�bVl�BlJ8'W tet mnni1 1 'U'Ll!Yl l(ilbbri tet(M)+tet(L) L'W�1'W1'W 5 �1n 63 b6il€l (7.94%) 

bbG'l� tet(M)+tet(K) L'W�1'W1'W 55 �1n 63 b�B (87.30%) 8'W�Vl1b�bf11Ylfl11tBmn�ii aminoglycoside 

b'U'W8'W�?f�1-:Jb'U'WbB'W161l��vi11 �bf11Ylfl11btl�8'Wbbtl6'1-:J 1m-:i?1�1-:i 1iib6'1�6'181 (aminoglycoside modifying 

enzymes) 'IJ1�n€J'LJ(il'J8 aadD b'U'W8'W?f�1-:J aminoglycoside nucleotidyl transferase Vl1b�bf11Ylfl11t€l 

�€181 kanamycin '\Al'Ub'W MRSA �1'W1'W 60 �1n 63 b�B (95.24%) 8'W aadE Vl1b�bf11Ylfl11t€1�€181 

streptomycin '\Al'Ub'W�1'W1'W 55 �1n 63 b.ffB (87.30%) bb6'1�8'W aacA-aphD �'\Al'U�1l'W?f�1-:Jb'U'W 

aminoglycoside acetyltransferase bbG'l� phosphotransferase \911il�1�'U Vl1b�bf11Ylfl11t€1�€181 

gentamicin bbG'l� kanamycin \911il�1�'U '\Al'Ub'W�1'W1'W 21 �1n 63 b�B (33.33%) 8'W erm �Vl1L�bf11Yl 

n6'11nm1tmb'U'U erythromycin resistance methylase vi11 �bf11Ylfl11t€1�€181n�ii macrolide-
' 

lincosamide-streptogramin B 3 'U'Ll!Yl '\Al'Ub'Wb�tl MRSA 1(ilbbri erm(B) b�81b'W�1'W1'W 5 �1n 63 b�B 

(7.94%) bbG'l� erm(C) b�81b'W�1'W1'W 34 �1n 63 b�B (53.97%) bbG'l�i-:i erm(B)+erm(C) �1'W1'W 8 �1n 

63 b�e) (12.70%) bbG'l� erm(A)+erm(B) �1'W1'W 13 �1n 63 b6il€l b�e) MRSA �1'W1'W 55 b.ffe) (87.30%) lJ 

8'W lnu(B) (lincosamide nucleotidyl transferase), spw (spectinomycin adenyltransferase) bbG'l� 

/sa(E) (ABC transporter) 8'W spc, vga(A) bbG'l� cfr '\Al'Ub'Wb�€1�1'W1'W 21 (33.33%) , 8 (12.70%) bbG'l� 5 
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fl11lJ61.fmvhn'U 9. 72% bb'fl�A11lJ61.ffleJ-:i 3 7 .03% m1�n�1��Tum1 tl'll1�b'Vlflll 'Vlt.1'Y'l'Ufl11l161.ffleJ-:imH tl6li1-:i 
'I 'I 'ti 'I 'U 'U 

1�Vl11'1 9.61-25.00% bb'fl�fl11lJ61.ffl1tl?lmBt.11tl'U1'11�Vl11'1 0.62-10.00% (Anukool et al.; Larsen et 
' ' " 

al., 2012; Patchanee et al., 2014; Sinlapasorn et al., 2015) m1�n�1�nm'111l1�m1m'll�il1flfl'fl1'1 

�lij-:JVll\91?llJ'Vl1?1'1fl11lJb'Wt.1'1911111m�t.11'Y'l'U11nm1lJ61.ff)'IJe)-:Jbie) MRSA b'V11f1'U 40% �1f) 15 �10ci1-:i1tl?lm 
' ' ' 

(Vestergaard et al., 2012) �fl1\ij\91b'Utlbb'Vli;)-:Jf-:ibr1Vl�'1'1Je)-:Jbie) LA-MRSA zj,:inm111t.1'11tlfl11m��1t.1�'1 

1'Ll'Vll'U� bu BblJ1fl1bVl'WB bb'fl�bBb'lit.1 (Chuang and Huang, 2015; Graveland et al., 2011) �1m1c.1-:i1tl 

Vl�-:J'Y'l'Ufl11lJ61.ffl?l-:J?lv1n-:J 99% 1'Ll'flfl?lfl11tltl1�b'Vlfll1tl1�bfl?l (Conceic;:ao et al., 2017) fl11lJbb�fl�1'1'1JB'1 
'I 'U q 'U 'I 'I 

bMBtl 100% b'Utl'Y'l1Vl�'llmbiB MRSA 1'Ll'lltu��?lmmc.1lJ1nn11'Y'l'Ubim-wc.1-:i 36% (Smith et al., 2009) 
' ' 

1'Ll'U1'1 20-80% (Conceic;:ao et al., 2017; Khanna et al., 2008; Oppliger et al., 2012; Smith et al., 

2009) �-:i'ii�11lJ�n'llmv11 VltU bb'fl�'U 1b 1ru�nm 1 bic.1-:i?lmB ci1'1Vltl1 bb 'Wtllij\91 b 'Utl'U�lijcJ'\)j�-:J�'Vh 1 Vlbn\91 fl11 
V ' 

(Broens et al., 2012; Broens et al., 2011; Friese et al., 2012) n-:JbbiJ11nm1'Y'l'UbiB MRSA 1tl?lfl1'1Jtl 
' ' 
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fjill;;rfl�ru�'Vl1--'.l�tlqr rra:U'VfUb'el MRSA 2 fl�:Um8�tl� 1Ji'bbtl CC398 bbfl� CC9 �n spa btl�'Ubb'U'U� 

f1elti6if1--'.lnr111m11b'W1�flel t034 bbfl� t337 \911:U�1\il'U zj--'.lb'Ut!Giel--'.lm8�tl5Vl;;rfl�nn1'rn1��18 �1el8l tie-J--'.1 
' 'U 'U 

V, SCCmec IX bbfl� SCCmec Cl b\il8611:lJ11fl'W'U SCCmec V bbfl� SCCmec Cl btl MRSA-ST398-t034

�--'.Id SCCmec V 'U'J�flel'UJi'18 class C mec complex bbfl� type 5 ccr complex zj--'.l'W'U1mti MRSA­

ST398 �nm11�'U1\ilel8'Yl'1 fan bbfl�'W'Ub tl MRSA-ST398 �bb8fl1mti61'W61Jbbfl��\911bb'W'Vlm tl'U1�b'Vl�1 'Vl8 
'U ' 

bbfl� Staphylococcus 61U���tl1 (Chanchaithong et al., 2014) bb61\il--'.111b'Utl SCCmec �'Ubb'U'U� 

bb'W�Vlfl18el�l tl staphylococci �nbb Vl�--'.l�:lJ1�1fl�\911b tl'U'J� b'Vl� bbfl�'W'U 1Ji'�--'.1�1flb ,el� bb8 fl 1Ji'�1 fl�fl1bbfl� 

�fbi8--'.!G1m�1nm1flin�1i1Ji'18 �1tl SCCmec Cl 'W'Ubtl MRSA-ST398 'U'J�flel'UJi'18 class C mec
'U ' 

complex bbfl� ccr complex 2 �\il (type 1 bbfl� type 5 ccr complex) �'Ubb'U'U SCCmec Cl 'llbbGi\il--'.l 

r111:lJb'Utl11J1Ji'61Jmfl11b'Utl SCCmec �fle-JGi:U (hybrid) 1�Vl11--'.l SCCmec V bbfl� SCCmec IX �'W'UJ--'.!Giel--'.l 

'U'W\il 11'11 tl'U'J�b'Vl� SCCmec IX nm1M1tir1#--'.lbb 1fl'W'Ub tl MRSA-ST398 �bb8n1Ji'�1n�mbb'W'Vltl'U111 'Vl8� 
'U 

'Uflll�--'.11t!Ji'1tl�fl1bbfl�nfl11118--'.11tl\911:U:lJ1el81--'.l bb'W�Vlfl18 b tl MRSA-ST9 � bb8fl 1Ji'�1fl�m1 tl'U'J�b 'Vl�1 'Vl8 

bbfl��'Uflll�--'.11tlb�81tl'U�m (Larsen et al., 2012; Sinlapasorn et al., 2015) (i)--'.lt!tim�nr111:ub'Uti11J1Ji' 

11 SCCmec V, IX bbfl� Cl �nel--'.lrl'U'J�flel'Ubfl�bfl8--'.ltltli1n11�tl1fl11�1:Utltlel8ltlb�el MRSA-ST398 bbfl� 
'U 

MRSA-ST9 �nel�btl'U'J�b'Vl�1'Vl8 bb��1flfl11118--'.11tl��1tl:lJ1 SCCmecAl16 zj--'.lb'Utl composite island �

'W'Ubtl 5. pseudintermedius btl'U'J�b'Vl�1'Vl8n'U'W\il6/Jel--'.l ccr complex �1flfl1'J'V11fl11Vl1�'Ubb'U'UJi'18 PCR

1vfe-Jmb\9lfl�1--'.111J�1ne-Jfl�1Ji'�1nm1Vl1�1(i)'U611'J�tlqm1:uJ--'.!Vl:U\il b�el--'.1�1flfl11 PCR Hi primer cl1VJ'!'U 

b�:U�1tl1tl ccr �'U�\9l1bb'Vl'Ll--'.l ccrB el81--'.!hl�1b'W1� (Chanchaithong et al., 2016) (i)--'.lt!tlfl11Vl1 

el--'.lf'1'U1�flel'Ubbfl�m�'U1tlfl11bf1\il SCCmec Cl bbfl� SCCmec �hlmm111�1bbtlfl1'Ubb'U'U1Ji'Ji'18 PCR �--'.I 
'U 

�1 b 'Utl�el--'.lel1�8fl11Vl1�1(i)'U�tl�m1:u�--'.!Vl:U\il (complete sequence) 1tlfl1'Jel5'U181 tl�1(i)'LJ�el 11.J 

MRSA-ST9-t337 �1fl6ifl1btlb61J\91[11r1flfl7--'.ln SCCmec IX b'Utlb�81fl'Ufl11�fl�1tleltl'Vl'U1 Bfl�--'.18--'.l'W'Ubtl ST

b'Vl:W �el MRSA-ST4576 �n spa �'Ubb'U'U t034 zj--'.l'W'U:lJ1flbtl CC398 Ji'1mtltir1#--'.lbb';ifl �--'.lilfl11'W'U�'Ubb'U'U 

spa 6/Jel--'.lb'el�1--'.lfl�:U6118�tl�t!tlnr111rntlti11J1Ji'�1n'Vl�fl!1tlfl11'W'U t889 �'W'Ubtl MRSA-ST398 b'Utl 
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�1�'1Jl;l11'Wtl6n"a13.16llel{l�'Wb'Wfl11Vi1l;l11:J'W'W66lleN Staphylococcus aureus 19111:J multilocus 
• • 

sequence typing 

Stphylococcus aureus sequence type 9 (ST9) 

Allelic profile (arcC-aroE-glpF-gmk-pta-tpi-yqiL) = 3-3-1-1-1-1-10

>acre allelic number 3
- -

TTATTAATCCAACAAGCTAAATCGAACAGTGACACAACGCCGGCAATGCCATTGGATACTTGTGGTGCAATGTCACAGGGTAT
GATAGGCTATTGGTTGGAAACTGAAATCAATCGCATTTTAACTGAAATGAATAGTGATAGAACTGTAGGCACAATCGTTACAC
GTGTGGAAGTAGATAAAGATGATCCACGATTTGATAACCCAACTAAACCAATTGGTCCTTTTTATACGAAAGAAGAAGTTGAA
GAATTACAAAAAGAACAGCCAGACTCAGTCTTTAAAGAAGATGCAGGACGTGGTTATAGAAAAGTAGTTGCGTCACCACTACC
TCAATCTATACTAGAACACCAGTTAATTCGAACTTTAGCAGACGGTAAAAATATTGTCATTGCATGCGGTGGTGGCGGTATTC
CAGTTATAAAAAAAGAAAATACCTATGAAGGTGTTGAAGCG

>aroE allelic number 3
- -

AATTTTAATTCTTTAGGATTAGATGATACTTATGAAGCTTTAAATATTCCAATTGAAGATTTTCATTTAATTAAAGAAATTAT
TTCGAAAAAAGAATTAGAAGGCTTTAATATCACAATTCCTCATAAAGAACGTATCATACCGTATTTAGATTATGTTGATGAAC
AAGCGATTAATGCAGGTGCAGTTAACACTGTTTTGATAAAAGATGGCAAGTGGATAGGGTATAATACAGATGGTATTGGTTAT
GTTAAAGGATTGCACAGCGTTTATCCAGATTTAGAAAATGCATACATTTTAATTTTGGGCGCAGGTGGTGCAAGTAAAGGTAT
TGCTTATGAATTAGCAAAATTTGTAAAGCCCAAATTAACTGTTGCGAATAGAACGATGGCTCGTTTTGAATCTTGGAATTTAA
ATATAAACCAAATTTCATTAGCAGATGCTGAAAAGTATTTA

>glpF_allelic_number_l
GGTGCTGATTGGATTGTCATCACAGCTGGATGGGGATTAGCGGTTACAATGGGTGTGTTTGCTGTCGGTCAATTCTCAGGTGC
ACATTTAAACCCAGCGGTGTCTTTAGCTCTTGCATTAGACGGAAGTTTTGATTGGTCATTAGTTCCTGGTTATATTGTTGCTC
AAATGTTAGGTGCAATTGTCGGAGCAACAATTGTATGGTTAATGTACTTGCCACATTGGAAAGCGACAGAAGAAGCTGGCGCG
AAATTAGGTGTTTTCTCTACAGCACCGGCTATTAAGAATTACTTTGCCAACTTTTTAAGTGAGATTATCGGAACAATGGCATT
AACTTTAGGTATTTTATTTATCGGTGTAAACAAAATTGCCGATGGTTTAAATCCTTTAATTGTCGGAGCATTAATTGTTGCAA
TCGGATTAAGTTTAGGCGGTGCTACTGGTTATGCAATCAACCCAGCACGT

>gmk allelic_number_l
CGAATATTTGAAGATCCAAGTACATCATATAAGTATTCTATTTCAATGACAACACGTCAAATGCGTGAAGGTGAAGTTGATGG
CGTAGATTACTTTTTTAAAACTAGGGATGCGTTTGAAGCTTTAATCAAAGATGACCAATTTATAGAATATGCTGAATATGTAG
GCAACTATTATGGTACACCAGTTCAATATGTTAAAGATACAATGGACGAAGGTCATGATGTATTTTTAGAAATTGAAGTAGAA
GGTGCAAAGCAAGTTAGAAAGAAATTTCCAGATGCGCTATTTATTTTCTTAGCACCTCCAAGTTTAGAACACTTGAGAGAGCG
ATTAGTAGGTAGAGGAACAGAATCTGATGAGAAAATACAAAGTCGTATTAACGAAGCGCGTAAAGAAGTTGAAATGATGAATT
TA

>pta_allelic number_l
GCAACACAATTACAAGCAACAGATTATGTTACACCAATCGTGTTAGGTGATGAGACTAAGGTTCAATCTTTAGCGCAAAAACT
TGATCTTGATATTTCTAATATTGAATTAATTAATCCTGCGACAAGTGAATTGAAAGCTGAATTAGTTCAATCATTTGTTGAAC
GACGTAAAGGTAAAGCGACTGAAGAACAAGCACAAGAATTATTAAACAATGTGAACTACTTCGGTACAATGCTTGTTTATGCT
GGTAAAGCAGATGGTTTAGTTAGTGGTGCAGCACATTCAACAGGAGACACTGTGCGTCCAGCTTTACAAATCATCAAAACGAA
ACCAGGTGTATCAAGAACATCAGGTATCTTCTTTATGATTAAAGGTGATGTACAATACATCTTTGGTGATTGTGCAATCAATC
CAGAACTTGATTCACAAGGACTTGCAGAAATTGCAGTAGAAAGTGCAAAATCAGCATTA

>tpi_allelic_number_l
CACGAAACAGATGAAGAAATTAACAAAAAAGCGCACGCTATTTTCAAACATGGAATGACTCCAATTATTTGTGTTGGTGAAAC
AGACGAAGAGCGTGAAAGTGGTAAAGCTAACGATGTTGTAGGTGAGCAAGTTAAGAAAGCTGTTGCAGGTTTATCTGAAGATC
AACTTAAATCAGTTGTAATTGCTTATGAGCCAATCTGGGCAATCGGAACTGGTAAATCATCAACATCTGAAGATGCAAATGAA
ATGTGTGCATTTGTACGTCAAACTATTGCTGACTTATCAAGCAAAGAAGTATCAGAAGCAACTCGTATTCAATATGGTGGTAG
TGTTAAACCTAACAACATTAAAGAATACATGGCACAAACTGATATTGATGGGGCATTAGTAGGTGGCGCA

>yqiL_allelic number_lO
GCGTTTAAAGACGTGCCAGCCTATGATTTAGGTGCGACTTTAATAGAACATATTATTAAAGAGACGGGTTTGAATCCAAGTGA
GATTGATGAAGTTATCATCGGTAACGTACTACAAGCAGGACAAGGACAAAATCCAGCACGAATTGCTGCTATGAAAGGTGGCT
TGCCAGAAACAGTACCTGCATTTACAGTGAATAAAGTATGTGGTTCTGGGTTAAAGTCGATTCAATTAGCATATCAATCTATT
GTGACTGGTGAAAATGACATCGTGCTAGCTGGCGGTATGGAGAATATGTCTCAGTCACCAATGCTTGTCAACAACAGTCGCTT
CGGTTTTAAAATGGGACATCAATCAATGGTTGATAGCATGGTATATGATGGTTTAACAGATGTATTTAATCAATATCATATGG
GTATTACTGCTGAAAATTTAGTAGAGCAATATGGTATTTCAAGAGAAGAACAAGATACATTTGCTGTAAACTCACAACATAAA
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
GTGTGGAAGTAGATAAAGATGATCCACGATTTGATAACCCAACTAAACCAATTGGTCCTTTTTATACGAAAGAAGAAGTTGAA
GAATTACAAMAGAACAGCCAGACTCAGTCTTTAAAGAAGATGCAGGACGTGGTTATAGAAAAGTAGTTGCGTCACCACTACC
TCAATCTATACTAGAACACCAGTTAATTCGAACTTTAGCAGACGGTAAMATATTGTCATTGCATGCGGTGGTGGCGGTATTC
CAGTTATMAAAAAGAAAATACCTATGAAGGTGTTGAAGCG

>aroE allelic number 3
AATTTTAATTCTTTAGGATTAGATGATACTTATGAAGCTTTAAATATTCCAATTGAAGATTTTCATTTAATTAAAGAAATTAT
TTCGMAMAGAATTAGAAGGCTTTAATATCACAATTCCTCATAAAGAACGTATCATACCGTATTTAGATTATGTTGATGAAC
AAGCGATTAATGCAGGTGCAGTTAACACTGTTTTGATAAAAGATGGCAAGTGGATAGGGTATAATACAGATGGTATTGGTTAT
GTTAAAGGATTGCACAGCGTTTATCCAGATTTAGAAAATGCATACATTTTAATTTTGGGCGCAGGTGGTGCAAGTAAAGGTAT
TGCTTATGAATTAGCAAAATTTGTAAAGCCCAAATTAACTGTTGCGAATAGAACGATGGCTCGTTTTGAATCTTGGAATTTAA
ATATAAACCAAATTTCATTAGCAGATGCTGAAAAGTATTTA

>glpF allelic number 625
GGTGCTGATTGGATTGTCATCACAGCTGGATGGGGATTAGCGGTTACAATGGGTGTGTTTGCTGTCGGTCAATTCTCAGGTGC
ACATTTAAACCCAGCGGTGTCTTTAGCTCTTGCATTAGACGGAAGTTTTGATTGGTCATTAGTTCCTGGTTATATTGTTGCTC
AAATGTTAGGTGCAATTGTCGGAGCAACAATTGTATGGTTAATGTACTTGCCACATTGGAAAGCGACAGAAGAAGCTGGCGCG
AAATTAGGTGTTTTCTCTACAGCACCGGCTATTAAGAATTACTTTGCCAACTTTTTAAGTGAGATTATCGGAACAATGGCATT
AATTTTAGGTATTTTATTTATCGGTGTAAACAAAATTGCCGATGGTTTAAATCCTTTAATTGTCGGAGCATTAATTGTTGCAA
TCGGATTAAGTTTAGGCGGTGCTACTGGTTATGCAATCAACCCAGCACGT

>gmk allelic_number_l
CGAATATTTGAAGATCCAAGTACATCATATAAGTATTCTATTTCAATGACAACACGTCAAATGCGTGAAGGTGAAGTTGATGG
CGTAGATTACTTTTTTAAAACTAGGGATGCGTTTGAAGCTTTAATCAAAGATGACCAATTTATAGAATATGCTGAATATGTAG
GCAACTATTATGGTACACCAGTTCAATATGTTAAAGATACAATGGACGAAGGTCATGATGTATTTTTAGAAATTGAAGTAGAA
GGTGCAAAGCAAGTTAGAAAGAAATTTCCAGATGCGCTATTTATTTTCTTAGCACCTCCAAGTTTAGAACACTTGAGAGAGCG
ATTAGTAGGTAGAGGAACAGAATCTGATGAGAAAATACAAAGTCGTATTAACGAAGCGCGTAAAGAAGTTGAAATGATGAATT
TA

>pta allelic_number_l
GCAACACAATTACAAGCAACAGATTATGTTACACCAATCGTGTTAGGTGATGAGACTAAGGTTCAATCTTTAGCGCAAMACT
TGATCTTGATATTTCTAATATTGAATTAATTAATCCTGCGACAAGTGAATTGAAAGCTGAATTAGTTCAATCATTTGTTGAAC
GACGTAAAGGTAAAGCGACTGAAGAACAAGCACAAGAATTATTAAACAATGTGAACTACTTCGGTACAATGCTTGTTTATGCT
GGTAAAGCAGATGGTTTAGTTAGTGGTGCAGCACATTCAACAGGAGACACTGTGCGTCCAGCTTTACAAATCATCAAAACGAA
ACCAGGTGTATCAAGAACATCAGGTATCTTCTTTATGATTAAAGGTGATGTACAATACATCTTTGGTGATTGTGCAATCAATC
CAGAACTTGATTCACAAGGACTTGCAGAAATTGCAGTAGAAAGTGCAAAATCAGCATTA

>tpi allelic number l
CACGAAACAGATGAAGAAATTAACAAAAAAGCGCACGCTATTTTCAAACATGGAATGACTCCAATTATTTGTGTTGGTGAAAC
AGACGAAGAGCGTGAAAGTGGTAAAGCTAACGATGTTGTAGGTGAGCAAGTTAAGAAAGCTGTTGCAGGTTTATCTGAAGATC
AACTTAAATCAGTTGTAATTGCTTATGAGCCAATCTGGGCAATCGGAACTGGTAAATCATCAACATCTGAAGATGCAAATGAA
ATGTGTGCATTTGTACGTCAAACTATTGCTGACTTATCAAGCAAAGAAGTATCAGAAGCAACTCGTATTCAATATGGTGGTAG
TGTTAAACCTAACAACATTAAAGAATACATGGCACAAACTGATATTGATGGGGCATTAGTAGGTGGCGCA

>yqiL allelic_number_lO
GCGTTTAAAGACGTGCCAGCCTATGATTTAGGTGCGACTTTAATAGAACATATTATTAAAGAGACGGGTTTGAATCCAAGTGA
GATTGATGAAGTTATCATCGGTAACGTACTACAAGCAGGACAAGGACAAAATCCAGCACGAATTGCTGCTATGAAAGGTGGCT
TGCCAGAAACAGTACCTGCATTTACAGTGAATAAAGTATGTGGTTCTGGGTTAAAGTCGATTCAATTAGCATATCAATCTATT
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
GATAGGCTATTGGTTGGAAACTGAAATCAATCGCATTTTAACTGAAATGAATAGTGATAGAACTGTAGGCACAATCGTTACAC
GTGTGGAAGTAGATAAAGATGATCCACGATTTGATAACCCAACTAAACCAATTGGTCCTTTTTATACGAAAGAAGAAGTTGAA
GAATTACAAAAAGAACAGCCAGACTCAGTCTTTAAAGAAGATGCAGGACGTGGTTATAGAAAAGTAGTTGCGTCACCACTACC
TCAATCTATACTAGAACACCAGTTAATTCGAACTTTAGCAGACGGTAAAAATATTGTCATTGCATGCGGTGGTGGCGGTATTC
CAGTTATAAAAAAAGAAAATACCTATGAAGGTGTTGAAGCG

>aroE allelic number 35
AATTTTAATTCTTTGGGATTAGATGATAGTTATGAAGCTTTAAATATTCCAATTGAAGATTTTCATTTAATTAAAGAAATTAT
TTCAAAAAAAGAATTAGATGGCTTTAATATCACAATTCCTCATAAAGAGCGTATCATACCGTATTTAGATCATGTTGATGAAC
AAGCGATTAATGCAGGTGCAGTTAATACTGTTTTGATAAAAGATGGCAAGTGGATAGGGTATAATACAGATGGTATTGGTTAT
GTAAAAGGATTGCACAGCGTTTATCCAGATTTAGAAAATGCATACATTTTAATTTTGGGAGCAGGTGGTGCAAGTAAAGGTAT
TGCTTATGAATTAGCAAAATTTGTAAAGCCCAAATTAACTGTTGCGAATAGAACGTTGGCTCGTTTTGAATCTTGGAATTTAA
ATATAAATCAAATTTCATTGGCAGATGCTGAAAAGTATTTA

>glpF_allelic number 19
GGTGCTGATTGGATTGTCATCACAGCTGGATGGGGATTAGCGGTTACAATGGGTGTGTATGCTGTCGGTCAATTCTCAGGTGC
ACATTTAAACCCAGCGGTGTCTTTAGCTCTTGCATTAGACGGAAGTTTTGATTGGTCATTAGTTCCTGGTTATATTGTTGCTC
AAATGTTAGGTGCAATTGTCGGAGCAACAATTGTATGGTTAATGTACTTGCCACATTGGAAAGCGACAGAAGAAGCTGGCGCG
AAATTAGGTGTTTTCTCTACAGCACCAGCTATTAAGAATTACTTTGCCAACTTTTTAAGTGAGATTATCGGAACAATGGCATT
AACTTTAGGTATTTTATTTATCGGTGTAAACAAAATTGCCGATGGTTTAAATCCTTTAATTGTCGGAGCATTAATTGTTGCAA
TCGGATTAAGTTTAGGCGGTGCTACTGGTTATGCAATCAACCCAGCACGT

>grok_ allelic_number_2
CGAATATTTGAAGATCCAAGTACATCATATAAGTATTCTATTTCAATGACAACACGTCAAATGCGTGAAGGTGAAGTTGATGG
CGTAGATTACTTTTTTAAAACTAGGGATGCGTTTGAAGCTTTAATTAAAGATGACCAATTTATAGAATATGCTGAATATGTAG
GCAACTATTATGGTACACCAGTTCAATATGTTAAAGATACAATGGACGAAGGTCATGATGTATTTTTAGAAATTGAAGTAGAA
GGTGCAAAGCAAGTTAGAAAGAAATTTCCAGATGCGTTATTTATTTTCTTAGCACCTCCAAGTTTAGATCACTTGAGAGAGCG
ATTAGTAGGTAGAGGAACAGAATCTGATGAGAAAATACAAAGTCGTATTAACGAAGCACGTAAAGAAGTCGAAATGATGAATT
TA

>pta_ allelic_number_20
GCAACACAATTACAAGCAACAGATTATGTTACACCAATCGTGTTAGGTGATGAGACTAAGGTTCAATCTTTAGCGCAAAAACT
TAATCTTGATATTTCTAATATTGAATTAATTAATCCTGCGACAAGTGAATTGAAAGCTGAATTAGTTCAATCATTTGTTGAAC
GACGTAAAGGTAAAGCGACTGAAGAACAAGCACAAGAATTATTAAACAATGTGAACTACTTCGGTACAATGCTTGTTTATGCT
GGTAAAGCAGATGGCTTAGTTAGTGGTGCAGCACATTCAACAGGCGACACTGTGCGTCCAGCATTACAAATCATCAAAACGAA
ACCAGGTGTATCAAGAACATCAGGTATCTTCTTTATGATTAAAGGTGATGAACAATACATCTTTGGTGATTGTGCAATCAATC
CAGAACTTGATTCACAAGGACTTGCAGAAATTGCAGTAGAAAGTGCAAAATCAGCATTA

>yqiL allelic_number_26
GCGTTTAAAGACGTGCCAGCCTATGATTTAGGTGCGACTTTAATAGAACATATTATTAAAGAGACGGGTTTGAATCCAAGTGA
GATTAATGAAGTCATCATCGGTAACGTACTACAAGCAGGACAAGGACAAAATCCAGCACGAATTGCTGCTATGAAAGGTGGCT
TGCCAGAAACAGTACCTGCATTTACAGTGAATAAAGTATGTGGTTCTGGGTTAAAGTCGATTCAATTAGCATATCAATCTATT
GTGACTGGTGAAAATGACATCGTGCTAGCTGGCGGTATGGAGAATATGTCTCAATCACCAATGCTTGTCAACAACAGTCGCTT
TGGTTTTAAAATGGGACATCAGTCAATGGTTGATAGCATGGTATATGATGGTTTAACAGATGTATTTAATCAATATCATATGG
GTATTACTGCTGAAAATTTAGTAGAGCAATATGGTATTTCAAGAGAAGAACAAGATACATTTGCTGTAAACTCACAACAAAAA
GCAGTACGTGCACAGCAA

>tpi allelic_number_39
CACGAAACAGATGAAGAAATTAACAAAAAAGCGCATGCTATTTTCAAACATGGTATGACACCAATTATTTGTGTTGGTGAAAC
AGATGAAGAGCGTGAAAGTGGTAAAGCTAACGATGTTGTAGGTGAGCAAGTTAAGAAAGCTGTTGCAGGTTTATCTGAAGAGC
AACTTAAATCAGTTGTAATTGCTTATGAACCAATCTGGGCAATCGGAACTGGTAAATCATCAACATCTGAAGATGCGAATGAA
ATGTGTGCATTTGTACGTCAAACTATTGCTGACTTATCAAGCAAAGAAGTATCAGAAGCAACTCGTATTCAATATGGTGGTAG
TGTTAAACCTAACAACATTAAAGAATACATGGCACAAACTGATATTGATGGGGCATTAGTAGGTGGCGCA
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i;l1�'1.Jl;l11'W'W�m1�1;hw polymorphic X region "llel-'.l�'W spa "llel-'.l 5. aureus

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

r08-GAGGAAGACAACAACAAGCCTGGT 

rl6-AAAGAAGACGGCAACAAACCTGGT 

r02-AAAGAAGACAACAAAAAACCTGGC 

r25-AAAGAAGATGGCAACAAACCTGGT 

r02-AAAGAAGACAACAAAAAACCTGGC 

r25-AAAGAAGATGGCAACAAACCTGGT 

r34-AAAGAAGACAACAAAAAACCTGGT 

r24-AAAGAAGATGGCAACAAGCCTGGT 

r25-AAAGAAGATGGCAACAAACCTGGT 

Primer 1095F binding 

TTAGACGATCCTTCGGTGAGCAAAGAAATTTTAGCAGAAGCTAAAAAGCTAAACGATGCTCA 

s' si�nature r08 r16 

AGCACCAAAAGAGGAAGACAACAACAAGCCTGGTAAAGAAGACGGCAACAAACCTGGTAAAG 

r02 r25 r02 
AAGACAACAAAAAACCTGGCAAAGAAGATGGCAACAAACCTGGTAAAGAAGACAACAAAAAA 

r25 r34 
CCTGGCAAAGAAGATGGCAACAAACCTGGTAAAGAAGACAACAAAAAACCTGGTAAAGAAGA 

r24 r25 18-19 bp distance to repeat 
TGGCAACAAGCCTGGTAAAGAAGATGGCAACAAACCTGGTAAAGAAGACGGCAACGGAATAC 

3
1 

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 

s' signature r07 r16 
AGCACCAAAAGAGGAAGACAACAACAAACCTGGTAAAGAAGACGGCAACAAACCTGGTAAAG 

r23 r23 r02 
AAGACGGCAACAAACCTGGCAAAGAAGACGGCAACAAACCTGGCAAAGAAGACAACAAAAAA 

r12 r23 
CCTGGCAAAGAAGACAACAACAAGCCTGGTAAAGAAGACGGCAACAAACCTGGCAAAGAAGA 

r02 r34 18-19 bp distance to repeat
CAACAAAAAACCTGGCAAAGAAGACAACAAAAAACCTGGTAAAGAAGATGGTAACGGGGTAC 

3' signature Primer 1157-R binding 

ATGTCGTTAAACCTGGTGATACAGTAAATGACATTGCAAAAGCAA 

35 



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 Microbial 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-lndr 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 Cfr91 Smal­

neoschizomer. Lett Appl Microbial. 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 Microbial 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 Italian pig finishing holdings. Vet Microbial 142: 361-366. 

Bacher 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 Microbial. 46: 3136-3138. 

Bozdogan B, Berrezouga L, Kuo M-S, Yurek DA, Farley KA, Stockman BJ and Leclercq R. 1999. 

A new resistance gene, linB, 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 P J, 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. 

Concei<;:ao 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: e0l 75340. 

Crombe F, Willems G, Dispas M, Hallin M, Denis 0, 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, Nobel 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 NP J, 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. 

Fe�ler 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.

Gomez-Sanz E, Torres C, Lozano C, Fernandez-Perez 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 Microbial. 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. 1998-

2000. 

Harmsen D, Claus H, Witte W, Rothganger 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 

Microbial. 41: 5442-5448. 

Hiramatsu K, Cui L, Kuroda M and Ito T. 2001. The emergence and evolution of methicillin­

resistant Staphylococcus aureus. Trends Microbial. 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, Manecke 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, Fe�ler AT, Hauschild T and Schwarz S. 2012. Novel and uncommon antimicrobial 

resistance genes in livestock-associated methicillin-resistant Staphylococcus aureus. 

Clin Microbial Infect. 18: 745-755. 

Kadlec K and Schwarz S. 2009. Novel ABC transporter gene, vga(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 genejexA 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 Jex.A and cfr 

among chloramphenicol-resistant staphylococcus isolates. Antimicrob Agents 

Chemother 50: 1156-1163. 

Khanna T, Friendship R, Dewey C and Weese 2008. Methicillin resistant Staphylococcus 

aureus colonization in pigs and pig farmers. Vet Microbial. 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 

assignment: 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 

Microbial. 42: 792-799. 

Larsen J, lmanishi 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: e31245. 

Li B, Wendlandt S, Yao J, Liu Y, Zhang Q, Shi Wei J, Shao D, Schwarz S, Wang S and Ma 

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, S0rum 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 Lee H-S, Jung and Kwak H-S. 2012. The first detection of 

methicillin-resistant Staphylococcus aureus ST398 in pigs in Korea. Vet Microbial. 

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, Marszalek N, Orczykowska-Kotyna M, Komorowska I, 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 eOl 70745. 

Naimi TS, LeDell KH, Como-Sabetti K, Borchardt SF, Boxrud DJ, Etienne J, Johnson SK, 

Vandanesch F, Fridkin S, O'Boyle 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 Microbial. 47: 4138-4140. 

Oppliger A, Moreillon P, Charriere N, Giddey M, Morisset D and Sakwinska 0. 2012. 

Antimicrobial resistance of Staphylococcus aureus strains acquired by pig farmers 

from pigs. Appl Environ Microbiol 78: 8010-8014. 

Overesch G, Buttner S, Rossano A and Perreten V. 2011. The increase of methicillin-resistant 

Staphylococcus aureus (MRSA) and the of an unusual sequence type ST49 

in slaughter pigs in Switzerland. BMC Vet 7: 30. 

· Patchanee P, Tadee P, Arjkumpa 0, Love D, Chanachai K, Alter T, Hin joy 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

(\.f/SCCmec57395) in methicillin-resistant Staphylococcus pseudintermedius CC45.

Antimicrob Agents Chemother. 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 I, 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, DA, Enright, M.C., 2004. Evolution of Staphylococcus aureus by large 

chromosomal replacements. J Bacterial. 186: 1060-1064. 

Rodvold KA and McConeghy KW. 2014. Methicillin-resistant Staphylococcus aureus therapy: 

present, and future. Clin Infect Dis. 58: S20-S27. 

Sasaki 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 Microbial. 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 Microbial. 44: 4444-4454. 

40 



Schoenfelder SMK, Dong Y, Fe�ler AT, Schwarz S, Schoen C, Kock R and Ziebuhr W. 2017. 

Antibiotic resistance profiles of coagulase-negative staphylococci in livestock 

environments. Vet Microbial. 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 Microbial. 

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 Microbial. 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 Microbial. 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 Microbial. 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 Microbial. 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 

Microbial. 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, Fe�ler AT, Manecke S, Ehricht R, Schwarz S and Kadlec K. 2013a. The diversity 

of antimicrobial resistance genes among staphylococci of animal origin. Int J Med 

Microbial. 303: 338-349. 

Wendlandt S, Li 8, Lozano C, Ma 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 5. 

2013c. The enterococcal ABC transporter gene lsa(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 



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. t:,Jf:l-:J1'W�'<\1�111'h.JL'1'W€l1t1-:i1t1'lh���1'll1nT� The 9th International Conference on Antimicrobial

Agents in Veterinary Medicine (MVM) 611.:i'<\J�'<ij\"ilL'Wl'W� 16-19 �mf1� 2561 ru n1-:i11� 

43 



1 Journal 

2 Zoonoses and Public Health 

3 

4 Original Article 

5 Title 

6 First detection of methicillin-resistant Staphylococcus aureus sequence type 

7 398 with a composite staphylococcal cassette chromosome mec and 

8 heterogeneous strains in pigs and swine workers from Central Thailand 

9 

10 Short running title 

11 First swine MRSA ST398 detected in Thailand 

12 

13 Authors 

14 Pattrarat Chanchaithong 1, Vincent Perreten2
, Nutthee Am-in

3
, Kittitat 

15 Lugsomya 1, Padet Tummaruk3 and Nuvee Prapasarakul1 

16 

17 Author's affiliation institution 

18 1Department of Veterinary Microbiology, Faculty of Veterinary Science, 

19 Chulalongkorn University, Bangkok 10330, Thailand 

20 2Institute of Veterinary Bacteriology, Vetsuisse Faculty, University of Bern, 

21 Bern CH-3001 , Switzerland 

22 3Department of Obstetrics, Gynaecology and Reproduction, Faculty of 

23 Veterinary Science, Chulalongkorn University, Bangkok 10330, Thailand 

24 

25 

1 



26 Summary 

27 The study aimed to characterize methicillin-resistant Staphylococcus 

28 aureus (MRSA) colonizing pigs and swine workers in Central Thailand. MRSA 

29 were recovered from 59 of 607 (9.72%) from pig samples with 37.03% herd 

30 prevalence (10/27 farms) and from 3 of 38 swine workers. Of 63 isolates, the 

31 MRSA carried staphylococcal cassette chromosome mec (SCCmec) V 

32 (n=41 ), SCCmec IX (n=9), a composite SCCmec (n=12) and non-typeable 

33 SCCmec (n=1 ). SCCmec IX was associated with MRSA-ST9-t337, MRSA-

34 ST398-t034 and MRSA-ST4576-t034, a new single locus variant of ST9. 

35 Other SCCmec were carried by MRSA-ST398-t034 only, except one negative 

36 spa amplification. The isolates exerted multidrug resistance and carried 

37 common resistance genes found in livestock-associated MRSA such as 

38 /sa(E), /nu(B), cfr, fexA, vga(A) and spw. With molecular characteristics, 

39 resistance and PFGE patterns supported evidence of clonal spreading and 

40 pig-to-human transmission. This is also the first report of MRSA ST398 

41 distributing in swine herds and workers and the presence of multidrug 

42 resistance cfr in ST9 in Thailand. Minor variation of molecular features and 

43 resistance gene carriage in both STs represented heterogeneous population 

44 and evolution of endemic clones. Monitoring program and farm management 

45 with prudent antimicrobial uses are needed to reduce the emergence and 

46 spreading. Together, strict hygiene and personal protection are necessary to 

4 7 prevent the acquired LA-MRSA in humans. 

48 

49 Keywords: 

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

2 



51 Impact 

52 • Swine methicillin-resistant Staphylococcus aureus (MRSA) ST398 was

53 firstly detected in Thailand presenting the spread of major livestock-

54 associated (LA-) MRSA clone in the country.

55 • Heterogeneous MRSA clonal complex (CC) 398 and CC9 containing

56 various staphylococcal cassette chromosome mec (SCCmec) types

5 7 and resistance genes illustrated endemic evolution of the LA-MRSA.

58 • Identical characteristics supported evidences of pig-to-worker

59 transmission and distribution in pigs in this region.

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

61 resistance to critically-important antimicrobials in human medicine.

62 

63 Introduction 

64 Methicillin-resistant Staphylococcus aureus (MRSA) is one of major 

65 resistance bacteria opportunistically causes serious infections with limited 

66 antimicrobial treatment option (Rodvold & McConeghy, 2014 ). Antimicrobial 

67 uses in livestock production were associated with emergence of livestock-

68 associated MRSA (LA-MRSA) specifically clonally spreading worldwide 

69 (Barton, 2014). Pigs are recognized as a reservoir of LA-MRSA that can be a 

70 source of transmission to humans, especially in swine workers and their 

71 household members, and foodborne transmission by contamination in meat 

72 products (Vestergaard et al., 2012). By multilocus sequence typing (MLST), 

73 LA-MRSA is commonly specific to sequence type (ST) 398, ST9 and ST49 

74 (Cuny et al., 2015, Overesch et al., 2011 ). In addition to resistance to�-

75 lactams, LA-MRSA can usually mediate multidrug resistance by accumulation 
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101 (4 farms, NR1-NR4). Two farms were farrow-to-finish (FF) holdings, and 12 

102 and 13 farms were farrow-to-wean (FW) and wean-to-finish (WF) holdings, 

103 respectively. Pigs in different age-group included 80 sows, 21 0 suckling 

104 piglets aged <3 weeks (S-piglets), 156 nursery pig aged 3-8 weeks (N-pigs) 

105 and 161 fattening pigs aged >8 weeks (F-pigs). All FF and WF farms used in-

106 feed antimicrobials consisting of amoxicillin and tiamulin in nursery period, 

107 and no in-feed antimicrobial was prescribed in sows, S-piglets and F-pigs in 

108 all farms. Samples from three piglets per litters were pooled, and individual 

109 sampling was performed in other age-groups. Sampling protocol was 

110 approved by The Chulalongkorn University Animal Care and Use Committee 

111 (CU-ACUC) with the Animal Use Protocol No. 1631051. 

112 Thirty-eight swine workers from 16 farms were consented for human 

113 sampling by nasal swabbing at the same period. The protocol was approved 

114 by The Ethics Review Committee for Research Involving Human Research 

115 Subjects, Health Sciences Group, Chulalongkorn University (No. 198.1 /59). 

116 Preserved swabs in Stuart's transport medium (Difeo, France) at 4 °C were 

117 sent for culture within 24 h. The Chulalongkorn University Faculty of 

118 Veterinary Science Biosafety Committee (CU-VET-BC) certified biosafety of 

119 the study providing the Biosafety Use Protocol No. IBC1631037. 

120 

121 MRSA isolation and identification 

122 Swabs were inoculated in 5 ml of Muller-Hinton Broth (Difeo, France) 

123 with 6.5% NaCl and 4 µg/ml cefoxitin. The 0.5 ml of first inoculum was 

124 transferred into 4.5 ml of phenol red mannitol broth with 3.5 µg/ml cefoxitin 

125 before plating onto tryptic soy agar with 5% sheep blood. Each step required 
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126 incubation at 32°C for 48 h. Hemolytic S. aureus colonies were selected and 

127 primarily identified by gram-positive coccal staining, positive catalase and 

128 coagulase production. Presence of 359-bp nuc amplification by PCR 

129 genotypically identified S. aureus (Sasaki et al., 2010). Bacterial DNA was 

130 isolated using Nucleospin® Tissue DNA extraction kit (Machery-Nagel, 

131 Germany). Cefoxitin disk diffusion test and mecA PCR were employed for 

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

133 

134 Antimicrobial susceptibility 

135 Minimal inhibitory concentration (MIC) of 19 drugs including cefoxitin 

136 (FOX), penicillin (PEN), tetracycline (TET), gentamicin (GEN), kanamycin 

137 (KAN), streptomycin (STR), erythromycin (ERY), clindamycin (CLI), 

138 ciprofloxacin (CIP), chloramphenicol (CHL), rifampicin (RIF), tiamulin (TIA), 

139 sulfamethoxazole (SMX), trimethoprim (TMP), mupirocin (MUP), fusidic acid 

140 (FUS), dalfopristin/quinupristin (SYN), linezolid (LZ'.D) and vancomycin (VAN) 

141 were determined by broth microdilution assay using EUST customized plate 

142 (Trek Diagnostic Systems Ltd, UK). Inducible clindamycin (iCLI) resistance 

143 was detected by D-zone test. Resistance was interpreted according to 

144 breakpoints recommended by The European Committee on Antimicrobial 

145 Susceptibility Testing (www.EUCAST.org). 

146 

147 Molecular typing 

148 All MRSA isolates were characterized by staphylococcal cassette 

149 chromosome mec (SCCmec) typing, pulsed-field gel electrophoresis (PFGE) 

150 and spa typing. SCCmec were typed by two multiplex PCR panels classifying 
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151 ccr complex and mec complex (Kondo et al., 2007). DNA fingerprint analysis 

152 was performed using Cfr9I-macrorestricted PFGE. Briefly, bacterial cells 

153 embedded in 0.9% Seakem Gold agarose (Lonza, Rockland, ME) were lysed 

154 by lysostaphin, lysozyme and detergents before chromosomal DNA digestion 

155 by 50U of Cfr91 (Thermo Fisher Scientific Inc, Waltham, MA) (Argudin et al., 

156 2010). Macrorestriction fragments were separated using CHEF-DRIii PFGE 

157 (Bio-Rad, Hercules, CA) with a switch time 5-40 s and a voltage of 6 V cm-1

158 for 21 h). Dendrogram was constructed to illustrate genetic relatedness by 

159 Gene Directory Software (Syngene, Cambridge, UK), using Dice coefficient 

160 with unweighted pair group method using arithmetic averages (UPGMA) and 

161 position tolerance at 1.0%, and more than 80% band similarity were clustered 

162 in the same group (Figure 1 ). Polymorphic X region of spa gene was amplified 

163 and sequenced for spa typing (http://spaserver.ridom.de) (Harmsen et al., 

164 2003). Representative isolates from different host and farm origins exhibiting 

165 different SCCmec types, spa types and DNA fingerprint patterns were 

166 selected for MLST analysis (Enright et al., 2000). Seven housekeeping genes 

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

168 

169 Resistance gene detection 

170 Gram-positive resistance genes were screened in representative 

171 isolates by customized DNA microarray tube version AMR+ve-5 (Alere 

172 Technologies GmbH, Jena, Germany) (Perreten et al., 2005). PCR were used 

173 to illustrate the presence of specific resistance genes in all MRSA isolates 

174 (Supplementary Table). 

175 
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176 Results 

177 MRSA distribution 

178 Of 607 pig samples, 59 (9.72%) were MRSA-positive. from 10 of 27 

179 farms (NP2FF, RB1 FF, S81 FW' ss7WF, PB1 FW, PB6WF, ps7WF, PB8WF, NR2WF

180 and NR3wF). MRSA were isolated from three of 38 swine workers from three 

181 farms (NP2FF, SB1Fw and PB4wF). Two positive swine workers were from 

182 farms with MRSA-positive pigs, and another was from a farm with negative 

183 MRSA isolation from pig (PB4wF). MRSA were found in pigs from 2/2 FF 

184 farms (NP2FF and RB1FF), 2/12 FW farms (SP1FW and PB1FW) and 6/13 WF 

185 farms (PB6wF, PB?wF, PB8wF, sp7wF, NR2wF and NR3wF).Both MRSA-

186 positive FW farms had history of supplying piglets to the MRSA-positive WF 

187 farms. Table 1 summarizes MRSA carriage in different age-groups of pig and 

188 worker from the positive farms. 

189 

190 Molecular characteristics 

191 A total of 63 MRSA isolates, including 60 swine and three human 

192 MRSA isolates were included for SCCmec typing, spa typing and DNA 

193 fingerprint analysis (Table 1 ). Three SCCmec types were identified in the 

194 MRSA isolates including SCCmec V (n=41 ), IX (n=9) and a novel SCCmec 

195 composite island (Cl) (n=12), consisting of ccrA1B1, ccrC and class C mec 

196 complex, and one isolate was non-typeable having negative ccr and mec 

197 amplification. Spa types of the isolates were to34 (n=55) and t337 (n=7), and 

198 one isolate presented negative X-region of spa amplification. 

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

200 patterns of the isolates from the same farm with the same SCCmec type, spa 
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226 erm(C) (34/63) and erm(A)+erm(C) (8/63) and erm(A)+erm(B) (13/63). The 

227 same 55 isolates contained genes encoding lincosamide-nucleotidyl 

228 transferase (/nu(B)), ABC exporter (/sa(E)) and spectinomycin 

229 adenyltransferase ( spw), and spc and vga(A) and cfr gene was found in 21, 8 

230 and 5 isolates, respectively. Two genes encoding phenicol resistance 

231 mechanisms were detected including fexA (5/63) and cat
p
c221 (3/63), and cfr

232 mediating ribosomal methylase was detected in the same fexA-positive 

233 isolates. 

234 

235 Clonal relatedness of MRSA from different origins 

236 MRSA ST398 distributed in nine swine farms in Central Thailand. With 

237 genotypic characteristics, MRSA-ST398-V-t034-C (ST-SCCmec-spa-PFGE 

238 cluster) colonizing pigs in PB1 FW, PB?wF, PB8wF, NR2wF, NR3wF, SB1 FW and 

239 SB?wF was the most prevalent characteristics. Isolates from SB farms 

240 contained additional erm(A) and spc which were not found in those from PB 

241 and NR farms. The SB1FW and PB1FW supplied piglets to SB?wF and PB?wF, 

242 PB8wF, NR2wF and NR3wF, respectively that shared the strains with same 

243 genotypic and antimicrobial resistance characteristics. These particular strains 

244 from sows and piglets in each FW farm also had identical characteristics. One 

245 MRSA ST398-IX-neg-C was also found in a pig from PB?wF _ MRSA ST398-

246 Cl-to34-E and MRSA-ST398-NT-to34-E were recovered from NP2FF only. A 

247 closely-related ST398-Cl-to34-D was isolated the swine MRSA-negative 

248 PB4wF _ MRSA CC9 isolates were found in pigs in three farms (RB1, PB6 and 

249 PB8). MRSA-ST9-IX-t337-A expressing linezolid resistance was found in 

250 RB1 FF, but those from PB6WF were susceptible to linezolid and lacked cfr, 
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251 fexA and erm(B). The MRSA-ST4576-IX-to34-A from PB8wF shared the same 

252 resistance phenotype and gene pattern with MRSA-ST9-IX-t337-A isolates 

253 from PB6wF _ Human MRSA-ST398-V-t034-C and ST398-Cl-to34-E isolates 

254 had the identical characteristics with the swine isolates from the same farm 

255 origins. 

256 

257 Discussion 

258 This study presents the prevalences of MRSA-positive swine herds 

259 (37.03%) and pigs (10.21 %) in Central Thailand and the distribution in this 

260 area. Previous studies reported herd prevalences of MRSA ranged 9.61-

261 25.00% and prevalences in pigs are 0.62-10% in northern and northeastern 

262 parts of Thailand (Anukool et al., Patchanee et al., 2014, Larsen et al., 2012, 

263 Sinlapasorn et al., 2015). High up to 40% (6/15) of MRSA-positive pigs in a 

264 farm in Samuth Sonkhram province of central Thailand is indicated 

265 (Vestergaard et al., 2012). Pigs in swine industry are considered as a 

266 reservoir for LA-MRSA in Europe, the US and Asian countries (Graveland et 

267 al., 2011, Chuang & Huang, 2015, Smith, 2015). A recent study from Portugal 

268 showed the highest prevalence up to 99% in piglets (Conceic;;ao et al., 2017). 

269 The variation of proportion might be affected by many factors of the studies 

270 such as isolation procedures, sampled populations and geographical areas. 

271 Evidence showed 100% of 9-12-week-old pigs are MRSA carrier, and 36% of 

272 adults are colonized (Smith et al., 2009). Colonization rates in pigs younger 

273 than 12 weeks are significantly higher (Fang et al., 2014, Smith et al., 2009). 

274 Accordingly, colonization was higher in early stage of cultivation that seemed 

275 to be the most susceptible period. Transmission and proliferation in this period 
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276 could be promoted by pooled grouping of pigs and in-feed antimicrobial 

277 selective pressure (Broens et al., 2012). The 7.89% prevalence in swine 

278 workers were relatively low, compared to 20-80% from previous studies 

279 (Smith et al., 2009, Conceigao et al., 2017, Khanna et al., 2008, Oppliger et 

280 al., 2012). High density and large-scale farming are indicated as a risk for 

281 human colonization by LA-MRSA (Fang et al., 2014, Battisti et al., 2010). 

282 Several transmission routes can promote MRSA circulation in endemic farms 

283 including direct and indirect contact, airborne and environmental 

284 contamination (Broens et al., 2012, Friese et al., 2012, Broens et al., 2011 ). 

285 Even lower colonization in fattening stage, presence of MRSA in slaughtering 

286 processes and pork has been evidenced (Vestergaard et al., 2012, Beneke et 

287 al., 2011 ). Contamination in products should be further investigated to know 

288 current possibility for food borne transmission. As an occupational risk, strictly 

289 personal hygiene, monitoring and infection control program are highly 

290 recommended to reduce the risk of swine MRSA colonization in related 

291 personnel. 

292 The MRSA isolates belonged to CC398 and CC9 which are major 

293 livestock-associated clones distributing worldwide and Asia, respectively. This 

294 is the first detection of swine MRSA-ST398 distribution in Thailand, whilst 

295 MRSA-ST9 have been previously isolated (Larsen et al., 2012, Sinlapasorn et 

296 al., 2015). Widespread MRSA-ST398 is the predominant LA-MRSA 

297 disseminating in many parts of the world. Over a decade, this is recognized as 

298 the major LA-MRSA clone in Europe, North America and can be found only in 

299 some Asian countries including South Korea and Singapore (Lim et al., 2012, 

300 Sergio et al., 2007). Only a single spa to34 was associated in Thai MRSA-
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301 ST398 strains representing shared common ancestral subtype of this clone 

302 disseminating in the country and Asia (Lim et al., 2012, Asai et al., 2012). 

303 Despite to34 is one of the predominant spa types found in MRSA CC398 in 

304 Europe, others such as t011, t108 and t889 are also prevalent and 

305 heterogeneous (Battisti et al., 2010, Concei<;ao et al., 2017, Mroczkowska et 

306 al., 2017, Kadlec et al., 2009, van Duijkeren et al., 2008). MRSA-ST9 was 

307 also found in as same as in the northern and northeastern provinces 

308 (Patchanee et al., 2014, Sinlapasorn et al., 2015), but was less prevalent than 

309 ST398 in central Thailand. Likewise, MRSA ST9 distributed in many Asian 

310 countries, but different spa types associated with this clone in mainland China 

311 and Hong Kong (t899), Taiwan (t337, t1430) and Malaysia (t4358) (Wagenaar 

312 eta/., 2009, Fang et al., 2014, Guardabassi eta/., 2009, Neela eta/., 2009). 

313 Swine S. aureus-ST9 usually are methicillin-susceptible from European 

314 reports (Mroczkowska et al., 2017, Kehrenberg et al., 2009). Not at all, 

315 MRSA-ST9-t4794 strains was firstly detected in Italian finishing herds (Battisti 

316 et al., 2010). Indeed, only two spa types (to34 and t337) were detected and 

317 were virtually specific to MRSA-ST398 and MRSA-ST9 in our study, 

318 respectively. These represented dual endemic major LA-MRSA clones spread 

319 in Thai swine herds in the central part. 

320 SCCmec V and SCCmec Cl were identified in MRSA ST398-to34. The 

321 SCCmec V, consisting of class C mec complex and type 5 ccr complex, is 

322 more common in MRSA CC398 (Vanderhaeghen et al., 2010). MRSA-ST398 

323 and other staphylococcal species isolated from canine and human sources in 

324 Thailand also carried SCCmec V suggesting the most common SCCmec of 

325 strains derived from animals in the country (Chanchaithong et al., 2014). The 
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351 the endemic Thai MRSA-ST9 had a specific acquisition of SCCmec IX in 

352 swine population in the country. The current findings of heterogeneous 

353 characteristics by STs, various SCCmec and ectopic spa could infer 

354 continuous evolution of LA-MRSA in Thai swine herds. 

355 All MRSA expressed multidrug resistance phenotypes and carried 

356 multiple resistance genes. Most of resistance gene families are found in 

357 staphylococci and gram-positive species, conferring resistance to common 

358 available antimicrobial classes used in human and veterinary medicine. 

359 Resistance to some drugs could be mediated by more than a single 

360 mechanism or gene such tetracycline, erythromycin and clindamycin, 

361 reflecting high accumulation of acquired resistance determinants. Liked LA-

362 MRSA isolated previously, tet genes were carried in the isolates, including 

363 transposon-borne tet(M) and plasmid-borne tet(K) or tet(O), and erm(A), 

364 erm(B) and erm(C) abundantly disseminated in LA-MRSA (Wendlandt et al., 

365 2013). Dihydrofolate reductase gene dfrG was found in both CC9 and CC398 

366 from pigs and swine workers, but MRSA-ST398 from canine and veterinarians 

367 from our previous study contained dfrA (Chanchaithong et al., 2014). This 

368 minor difference possibly means distinct events of gene acquisition and 

369 different spreading of ST398 subpopulation among pigs, dogs and related 

370 humans in Thailand. Resistance gene carriage and resistance phenotypes of 

371 were mostly specific to molecular characteristics and origins of the isolates. 

372 Bifunctional aacA-aphD was carried in the MRSA CC9 and MRSA-ST398-

373 SCCmec Cl, but not in MRSA-ST398-SCCmec V. The CC9 isolates exhibited 

374 CHL resistance from different resistance genes from different farms. Those 

375 from RB1 FF carried fexA and ctr, which having genetic linkage on Tn558 
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376 (Kehrenberg & Schwarz, 2006), whereas other CC9 isolates had the plasmid-

377 borne cat
p
c221. Presence of cfr is highly concerned as a public health threat 

378 due to the cross-resistance activity to streptogramin A and oxazolidinones, 

379 last-resort antimicrobial groups for treatment of serious MRSA infections. All 

380 CC9 and ST398 isolates harbored vga(A) and lsa(E) mediating lincosamide-

381 pleuromutilin-streptogramin A resistance, respectively. The co-localization of 

382 lsa(E) and lnu(B) is firstly detected on the multidrug resistance plasmid 

383 pV7037 carrying aadE, aacA-aphD and erm(B) of MRSA-ST9-t899 (Li et al., 

384 2013). These genes could be found in MRSA-ST398-SCCmec Cl and ST398-

385 SCCmec V from Suphanburi. The difference of resistance gene carriage in 

386 MRSA-ST398 lineage in this study supported different and continuous genetic 

387 alteration for the evolution of mobile elements in LA-MRSA strains. Also, 

388 MRSA-ST398 strains had spw, while only SCCmec Cl-carrying strains carried 

389 physically-linked erm(A) and spc (Fer.iler et al., 2010). The vga(A), lsa(E), 

390 lnu(B), cfr, fexA, spc and spw are uncommon resistance genes in human 

391 MRSA but widespread in MRSA from animal origins that are acquired by 

392 bacteria in the same niches and antimicrobial exposure in livestock (Kadlec et 

393 al., 2012). Resistance to VAN, RIF, FUS and MUP were absent as well as 

394 rarely found in other studies. However, ileS2-carrrying ST398 exhibiting high-

395 level mupirocin resistance is found reflecting the risk of introduction of this 

396 drug in small animal medicine (Chanchaithong et al., 2014). As evidenced, 

397 these MRSA CC9 and ST398 from different sources showed heterogeneous 

398 accumulation of acquired resistant determinants to be successful clones in 

399 animals in the country. 
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400 Clonal distribution, endemic circulation and pig-to-human transmission 

401 in among these populations could be supported by their identical features. 

402 MRSA-ST9-IX-t337-A carrying cfr and fexA and MRSA-ST398-Cl-t034-E 

403 could be recovered from RB1 FF and NP2FF presenting specific subclonal 

404 lineages circulating in the farms. Also, identical characteristics of swine and 

405 human strains from NP2FF and SB1FW demonstrated possible pig-to-human 

406 transmission of LA-MRSA (Table 2). MRSA-ST398-NT-to34-E and MRSA-

407 ST398-IX-neg-C were heterogeneously recovered and were in the same 

408 PFGE cluster with the major strains from pigs in NP2FF and PB7wF, 

409 respectively, presenting minor changes from the main lineages in 

410 hypervariable regions as SCCmec and spa. Also in CC9, MRSA-ST9-IX-t337 

411 in PB6wF and MRSA-ST4576-IX-t034 in PBBwF had minor variant by a single 

412 locus mutation, spa type and acquisition of resistance genes. Identical 

413 characteristics of MRSA-ST398-V-t034-C with the resistance gene patterns 

414 supported transmission between farms having history of supplying from 

415 PB1 FW and S81 FW _ MRSA-ST398-Cl-t034 also contained erm(A), erm(B), 

416 aacA-aphD and spc which were not found in MRSA-ST398-V-t034 suggesting 

417 divergent evolution in this clone mediated by genetic recombination and 

418 horizontal transfer. Only ST398 was recovered from swine workers in our 

419 population, but human colonization by MRSA-ST9 is also demonstrated in 

420 Thailand. Both associated with infection have been increasingly reported 

421 worldwide that are suspected as livestock-to-community spreads (Lulitanond 

422 et al., 2013). 

423 This study provides more details about molecular epidemiological 

424 information of LA-MRSA spreading in swine herds and workers in Thailand. 
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698 Table 1. Methicillin-resistant Staphylococcs aureus in pigs and swine workers 
Origin Age-group Proportion Proportion Positive farm t Studied 

of MRSA- of MRSA- isolates 
positive 
farm 

Pig 
Sows 2/6 
S-piglets+§,J 3/13
N-pigs 7/9 

F-pigs 4/9 

positive pig 

4/80 
5/210 
37/156 

13/161 

SB1, PB1 4 
SB1, PB1, NP2 5 
NP2, RB1, 38 
SB?, PB?, 
PB8, NR2, 
NR3 
NR2, RB1, 13 
PB6,PB7 

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

699 MRSA, methicillin-resistant Staphylococcus aureus; F-pigs, fattening pigs; N-
700 pigs, nursery pigs; S-piglets, suckling piglets 
701 tsB, Suphanburi; PB, Prachinburi; NP, Nakhon Pathom; RB, Ratchaburi; NR, 
702 Nakhon Ratchasima 
703 +Three S-piglets per litter
704 

705 

706 

707 

708 

709 

710 

711 

712 

713 

714 

715 

716 

717 
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735 Figure legends 

736 

737 Figure 1 

738 Dendrogram constructed by Cfr91-macrorestricted pulsed-field gel 

739 electrophoresis using unweighted pair group method using arithmetic 

7 40 averages, 1 % position tolerance and 80% similarity grouped in the same 

741 cluster and molecular typing illustrating genetic relatedness of methicillin-

7 42 resistant Staphylococcus aureus isolated from pigs and swine workers in 

7 43 central Thailand 

744 

745 Figure 2 

7 46 Diagram demonstrating possible distribution and transmission of methicillin-

747 resistant Staphylococcus aureus (MRSA) by genetic characteristics in pigs 

7 48 and swine workers in MRSA-positive farms in central Thailand in this study 

749 (Farm and province: PB, Prachinburi; SB, Suphanburi; RB, Ratchaburi; NR, 

750 Nakhon Ratchasima; NP, Nakhon Pathom. Holding operation: FF, farrow-to-

751 finish; FW, farrow-to-wean; WF, wean-to-finish. Grey box: S, sow; P, suckling 

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

753 

31 
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