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1'Y1 tIlJJ'fl 11lJ~11iJ'Ulu fll1 f!1uf!1JII(ldIB~ flU hi'll'Um . .nfl~ 1uflnffmllfl f~if l~mi1tJfh~thtlullfll!(l:::tJB'f1, .. 

. .. 
U1ntlrYh~ tJ~'lml1'Ulllti'U 

MDCK lfl' 7 'fi1BUN mflfll1fffl'l:Ilam:lw:::'YIHVi\.!1!flJ11J'Wuhj(Y'l'li111fllmY(ylfJ'nu.qtmi pandemic HINI 

2009 U(l:::i1j(y'hhY1f11m"Y'lm(y1tJ'W'U{ HIN2 ri1ufll1'tln1'il'l'lH~f1J1'1'1t1lfl'1tJn HI test 'Wull1~(lU1fl~B 

l1f(Y:j~1-rJ~lmumlJffltJlhrfi HINl(06) JJlflli(yfl ~'Btm::: 78.23 1B~(l~JJ1j5}B HINI (09) H3N2 (07) U(I:::
t.I ~ q q 

'V 0 ." 

H3N2 (05) 1BtJ(I::: 33.959.9611(1::: 0 f1Um1flU 

m 1~fltJ1afltJW:::'Vl NVi''U'Il m11J'lW ~11 j (y'l'lil'f'lfll'HtY'lflJ ''UtJ1:::1'YIr{'1'YI tJf! f-.ld Yl'ulifl1lJJ'l1 a lfl'Ha11J 

lJlfl~'U l'f1tn~1If)ln:::1llfl'UB~'hj(Yl'1il1'j'f11mYfflml'U{I'Hli pandemic HIN 1 2009 U(I:::lJj(y'l'li'H1fll'l1tY 

'lflJ~ flf~(YlJ(y1 tJl1ui HIN2 '\U 'lfl1 ~JJttJ IIUlI fll'Hmllfl'UfH11 tJflulJjff'1'li'H1'f11'Hqj(y1t1Vl'Uilmi pandemic 
t' ~ , 

HI N I 2009 j5}B lifll 'Hj(1'lJ fl'U'tIB~fjulilJlul flll~(Ym ff'fl 111ft U(I:::1J'Ulla CU-:jiJ~1liJJ.uBlJClU'U iJ'U{)-:j~fHJflll'i'UB ~. , ~ 

• iI " " 

mnI'U tJ1 :::1'Vlr{ 1'1'1 I'ln;lJ.u'U 'UB mn flil iJ~'Wu fllJ ~'f1liftlqj'llJ'j::;'H1H1(Y,.u'H1'f1hyUJ1 (Yml!(l::: I-Jjff
1
l'1i'H1fllmU 

11 u q u 

;jJJ1'Y1 1'l11'f11'l111 HI test ~B~',rbjmw'U~lu'U.yb:::1llfll'Ul'i'B~~'\.m1BliI'U '1j(yUtJ'U~I'il'U~JJOjJ~1Jfl'U.u11J 

fl'U ~~'fl 1JJJ fl n'YITU(yBlI fll 11~'1j(yIIB'U~IU'UB01 ~(y~ll(ylJtl 'H1Bfl111;VJI'U 111i~~1 1'il 'l~'j 1fll~ 1I1o:::~1 I'lfl11 

HI test I,tBfln1i1uijl'l~1 1'f11~1u:::,hl'll'UflnilB~ fl'UIlO::;fl1Uf}lJ hfl 'fl'" 



iv 

Abstract 

Swine int1uenza is one of major respiratory pathogens in pigs causing respiratory diseases and could be a 

zoonotic disease. Genetic mutation could result in a new strain possibly leading to higher severity and 

becoming pandemic either in animals or humans. Continuous virological surveillance in genetic and serologic 

study is necessary for the future disease prevention and control. In this study, samples from 143 nasal swabs 

and/or lung tissues and 27 I pig sera were collected between late 2009 to 20 10 from the intensive pig raising 

areas. Seven swine intluenza viruses were isolated using either embryonated eggs or cell culture system. 

Based molecular genetic analysis, pandemic HI N I 2009 and HI N2 viruses were recovered. Serologically 

using HI test tor HINI(06) (78.235), HINI (09) (33.95%), H3N2 (07) (9.96%) and H3N2 (05) (0%) were 

demonstrated. 

Based on molecular genetic analysis, genetic variation of the Thai swine int1uenza virus was evident since 

pandemic H1Nl 2009 and a reassortment HIN2 swine intluenza were demonstrated in the Thai swine farms. 

Similar to the triple reassorment of pandemic HI N 1 2009, the novel reassortment HI N2 genes contains 

mixing of gene pools from swine, avian and human origins. Currently, there is no study demonstrating the 

pathogenesis study and potential pandemic or interspecies transmission of this novel HI N2 virus . 

Serologically, H1H I swine intluenza has an impact in term of prevalence than the H3N2 virus. After the 

introduction of pandemic HI N I 2009 in the Thai swine population, increasing of genetic variation is 

unavoidable. In addition, there were evidences o/" interspecies transmission of swine inlluenza virus in humans 

or vice versa . Regular monitor on antigens used for HI test is essential in order to determine the true 

prevalence of the specitic swine influenza virus due to cross reaction among strains. In addition, new 

diagnostic methods should be developed for a better diagnosis for prevention and conlIol since HI test is time 

consuming and required laboratory skills. 
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I. 'Ul1'th 

(Introduction) 

Q, ~ Q,I .cs 9 ')100 .... 1 c9 91 "",I ~ i I' 1 
{]llfllflleJl'IHJfI~11UH)fH1HFllfllJ1l1U1UlJ';i::'lf1flHl-3'HHJfl::; 26 'Url-3lJ';i::;'lf1fl';)11-3lflJfI'Url-3 flfl - ~HJ 

lQ~rJ~rltJll::;JJfI'UlffrJ~1f1lllU~lU1U 14 ~lUflU cJt-3hHhlt1ltif~rl£Jfl::; 40 ("fllllUrrlrJfl:: 28 'Url-3U';i::'lf1fl'J 

1fl fl) ihnl'l1f1llHllfl hfljj'~l~rl (communicable disease) lyt£J~rlUHI~t'd 1l.1rl-3lJ1flfliJU';i::;l11jflUllflUQruUl'Ufi , '" 

'V • 11 • " 

rl UNII rli~lJl fl1JU fl11lJ£Jlfl'ilUl~lJ'lj'U ff'Uft fllltll::'Url.:JRflU flflfl~ ihllfli\J~rlU';i::;'lnfl';) lufliJ fIlflU U.:jiifl11lJ 
~ • u • 

• ." . . ,v t 

~ 'l1~rl n~rlllllmmn fi~ 0-3fl-3iifffln~iil'lIull'Umi.:jl~lJrlUd~U~lU 1UlJ1fl cJhriftrl fll'J IftrJ.:jfffl111'U'Ulfil-3U1'U11
" 

.. " .. • jI • 

'U 1~ ';i ::;UUfll ';i{]'fJ-HiUl1H:jf1flTVi (biosecuri ly) 11 1fi'1l1fl ';i~lU U rlfl'il1 flill'll)~flnlJ fll';i1jfl1 flih rnm~llnuVi 
d. , dQl 0 J , . ~ " ." .QI

Ifl'tJ~ 'J fl 'J ';i lJ II fl ::;'Ylrl~eJ 1jfrJflrJ-3 fI-3Ifl~'UU rl rJNflrllUrl-3 i1mim1-3'l1lJ'fl~-3flril1ft1UIYllJ1rlfl1ffhf'nuiilullflU 

{]:IJ f1l fl W !~t'JfI:d'UrlrlfH ij rJ-31~';i 1lJo-3th::;mff1'YlCl 11lU ~fll~rJ-3'UeJ -3 fln Iflfl i ';ifl~~14eJ'il1fl fffl1tiflu~lllu.J-3 

h fI~u~I'l1lj\!fl::; hfl~U~~lIM i 1eJ[h~I'liU hfl1.ulflf1u fl (';ifl i.u'l11'fl1lftYtlfl';) llfl::;fl1~eJ i'ti'lf1f1 'l'l1tYff1rJ 

• v v v 

ltU{~u~ hfl~~ 1-MeJ\1tJllf·'~hfff'lu tlm hfljj'fll,-MeJ 'bfff Weslnile 'luu fl!1Cl::;fffl1IftM~fl~1t'JUlJlffllt'J'lfU~ 

lifl tl'ti'fflJeJ~8flmulll~'lu'lm hfl'j1U1 hfl'U~I"lffllfl<iffluu~fffl1 hfl~fll~eJl1mUfffl1'1f11f1fiwl cJt-3 hfl 

I'I1ri1ii JjJ-3~mllnfljj'flfieJ lfWflHtl1flfffl1ihmYflu l'lfu hfli.u'lf1'flUflff1rmui' H5NI hfl1.u'lf1'flhwi
• , u 

0-3 'hiJj ';i 1fJ-31U luu';i::; !'Yljf1lHJ eJ UNh rifl UJfI';il'U 'l'fl~O-3JJ fll ';i~1'U1 t'Jfffl1';i::;'l1iNU';i::l11lf flnulI'u'll'i eJ-llli 

-rlU].fffl1 fl Uclfl fleJ'Uti11.u'11l fl::;lfI~rlUlJ1 t'Jfffl1f11lJU~I1\u 'lf1m I~U~ iJ-3f1~JJeJ '"ufieJ,tieJ.:j i eJ fllff'UeJ-3fln Ifl'fl i ';ifl 
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1HlH''I11~ufl~11'flll::~~I:5el 1UflU~ffllA(I'lm1'i~o1J lriihfJ IICl~lJ~lU1U ',jueJr~,11ullfl~vl1Jlu'lm l'lfU 

1m l.u'l11~ lmY'lfll Ilfl~mrfll(l'1J~~~ij'b'iiftij hfl~~,:5m1u1l11Tr(l' hfl~~I:5ij111'(1' Westnile 1m::hfl1,r 

(I'll ij-!le)flI(I''U !lIu~u c1t-!l1JN hflO-3!1,j~::hiihllf'fllH11ue)u~n 1fJii-!l:;}1~ lliliihh1lf'lfi~fll11J(I'WliYfJ~lU flU 
- .. a 

. .. " 
1'm:l1Ilfl lI'V1l fl9SelU lu'Uw::ii'Ul.:J IlrtNihoUfll11llfffJ.:Jff-!lii~:lfifle)u ~ll11ii.:Ji1f1 Uij fl1!l flii ~a.:JiJ1lflel11'~.... . 
J1 ~Ulu C(fll~elH]jfll11ll1lu itJ'~~ll::~~lirrU'l1JtiflU (zoonotic potential) lW hflnij~cIt-!llfi~1!lfU~ijlu 

mill Coronavirus riel hfl'tlel.:JlfffJ1U ~;jfffll ii,mUll:: hiihlfJ-!llU1,jfJtiUVUi'~!llU'h11~i lflff~1ffflU U~'ill fl 
'<Ii 'U Q .. 

flnrlnl1J'luvh{lI~]jfl1n::'Ul~'lJel-!l'VINf'lW::ffflll1l'l'VIfJfI'lfffl{ ~l'n<1 (Unpublished" dala) ~fi1U1J1 X'W'U 
d p ~ 

flU -nw 'IUl'h {1JillfJ~lfJell fl n'tlel;jlfffJ~lU1U111N fl;jUU 1J:::n1'U i~11 fl nl~n :::l-!lfl1l ~~I~ellu FJ-!llT~1i-!llj... 

. " . 
predisposing factors) ~ij I'll flClii 1~\l1fl!fI:i ;j flU 11lm1 U ij fl'ill fl~:::lil1l11~lNI!ffi.!I~ijCl~ii~11l'Uij-!lfl1l!lm· 

l::;'U l~'Uij'l hfl ff~rj'tifl'U l~fJlllYn::; hfl i.u'Hl~lmy 'lfl'W~l V'l'lf ':WI't1flflff1l1flllllfl1l !iu-!l'lm l'UtJ)":::l'Ylfl' 

'1'V1 ~ JJf'll nlu Clij~ i)fJ~ij~,itl-!l\lCl:::U)" ::: 'Jj'1 fill1Cl fl IICl::;1111J1~.:Jl1t1 '1~~I'~lI~'U'lJij;jlflll~)" fll I'VIO rael'l1J1 fl 

~'U11fl f'lJJWJ HI Jul1J~elfl n1Jl1flfl!ifelff~1elON!I'tl1J~ 'l 

flll;; fl1l1f'lf;jii~;j]Jlf1mh::;ff'1fl!~el (l'h:Jlfl1fl<U ltlU"~)":::'UlJ fln I~n ::;1-!l1:iflij11'~1l1ljll"::;eJ1r~cillu lffl1. . . 
I~CJl ~l'n::;m1~.yid!uhflfffllrifl'U ,'Viel111 ,iij h1'ffhj''I11~lmUffm~el11Jlll'Uff1mfl'Uij-!lhflel1J";1l1lJIICl::; hfl 

'U v '<Ii q III 
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(Materials and Methods) 

lJ6tr~ (~!itJ'HYfl1) ~~rrilt1l'Hlmn.mYmi'mifl1U'YI'YI6U(l:::~lJ~:::ml1Jt1n l,ieJm~lff~lJrr~Nfl111Jl,j'11~ 

l~tJlri'U hrleJtr~hnjllm; hflB,j~ilhHifl1Wfll\11l'U hflfffl1fffl'U l~HJllll'tl:::lifl 'hj...·ri~11111irrtll nmf:l 
1.. 	 cu U ... 

ufl'VillBfl rrn ~l1eJ (Disease facts) I~Blff~lJ rr~Nfl11lJfll(l:::I,iBl1j'UH'U1'Y1Nt.lD,j~1'Ut1n l~n :::1'lhf11'Uvh{lJ 

HI')::: fl n 1~'U'fl1eJciN!..tmi'lfl~1'il1i! \Illfl hfiBaNfi fl"'eJ'llll'):::,jl')eJ~ flfl 
'" 

..o:::).QJt ~QJ'

2.2 'If'W~HfYllll1:l:::flllm'lJVllB[JH 

a. 	 'ji]lflnl~ml1eJcil'lli1eJfl nasal swabs 1I1'):::/""~eJFh"lflfH't~eJl~'U~1BtiN~l'IieJl.leJfI ~lfl"lfl~~ 

iJltJ ~1lJriUfl1':i fflJ~leJtil'lmflff!fl11.lfl~ n~eJ!fl~1~""11~eJ ',j""1~ imurrfli , 	 u • 

2.3 

. .. 
'ji] 1fl n !~n :::1'lI'UI'tIfli',m1fli1ii fll~lilv'lrrfl ~ eJUN'Ht!lIlUU 1'ii'U ~·m1ii1n'l$'U1 U'l'H1~'U fI~t.l1ilJ, 	 . ~ 

o Q tI J' Q.I lcid~vl 

J!I mfl1Hl';i1llYV~ll'Ulf1('Ii'eJmfl~J':leJfJH'mflU If! f!fJflH 


• 	 rrriflrrnli'U1!fn~lJ'tIf)'l'~eJriell~fI 

• 	 ~n1~lf11~eJf111'J11i Reverse Iranscriptase (RT) - Polymerase chain reaction (PCR) 

"" 	 ""'" 11~eJ1Ii Realtime RT-PCR 

b. fI~ 1~~1eJriN9H'm~eJ'fn1~~flflllJlIeJU~ueJ~h~B11i'rr1,j''H1f1hfWrrm" . 
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(Results) 

1f1'~~~i eJlh~i;lllHll-l fllJfffl1l!lTl'la et.l'j~m)lJ fl n !!Cl~~ufiu~'nl-l1l-1'rh{1Hlm t'~eJ1,1t'111JJ r~ 

l~tldillJ ht'lll.u\,t1~h1tYC'{m I';'U ,j'eJlqJCl..f'U!lllfll'jlil~ht'l mflU mHn1lJIICl~fll'jlflmi1eJth'l 11l'U;J'U 

" '". 
'j TIJll'1'tHlt'l11lJ 11lJlieJ 1 'U fll 'j I flmi1eJ tiNtj~1JIICldhtH)lJ flI,"eJfI'j 1 lJ111 l'lfeJ 

.. .. 
W~I~'1I'l'l'.il Ilf1'~~fieJlh~i;l1'lNl'UU1'U1'U II lh{lJ IfllJ~1eJfh'lihtl'il1Jfl11~eJW!l1eJueJ~Ul'UTU 4 yh{lJ I!('I~

'" 

2 2 

2 o o 

3 2 2 

4 2 

11 4 6 

http:W~I~'1I'l'l'.il
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G '" 	 ,

3.2 	 fll':Hfl1JYl131'1 HUi:l~UiUl r:iYl';j"J'il 

'MlfhJ~1elriH'lhtl~lJfllt~enJelfl\)1 fli1mlinnu 4 'vll {lJ n~rJ~nj)l1HYu-n'l-l1i flJ'ilJ'UtH11fcr'!.ul1i'fl... 	 , 
~ 	 y 

111tY?!flJ i'fltll'VlflUfl RT-PCR IIn:::I'Yn:::1I0m<tffllu'hj'lriVJflrJlfJ 9-10 i'U IIfl:::mlfll<)!ncfn'll:::I~O~'Ii'UVl MOCK 

IIn:::IAmi"JelriH~Hmi1'U1'U 61h{lJ Ivtfl~nU1-U\Hrtl'VlH~flJ~'YItIlf1'1t1n Hllesl ~~if 

l'Vlfl-Ufi 	 RT-PCR lVltll~ primers iielelfl!I1J1JlJl\)lflri1'U'Uel~0u M 'f1'110 5' TGA TCT TCT TGA AAA TTT 

J 	 CI Q.I' Q.I QI " 
GCA G 3' !I(l::: 5' TGT TGA CAA AAT GAC CAT CG 3' ~n'ill'l1JA(lU1fl\)1'U1'U 14 'f11elOH mH'lJlfl'U'U 

111 'hJI'Vn:::!ltJfl 1'1-1 11i1 ol'lfllln:::;<)!(1 cll1'I1:::lil'N'b-Ufl MOCK crllJUmWfl 11fcri~ 7 i1el~N (~nN~ 2) j) 1f1 

fll'iUl!!'Uflcr1m:r'U{~1t1l11fIl1fl RT-PCR iflo1~ primers ~elelflIlUul~1i1Im:::~el1i'U HI, H3, Nllln::: Ni r-l(l 

fllHln'ilVlUITlcni'U{ HINI1i1'U1'1-1 6 i1elrh>1 1I(l:::ft'ltl-W'U{ HIN2 111'1-11'U I ~1rJ~H !~el~'il1fl~1el~Hi1i'ft' 

ft'1 tI-W'U{ HI N I ~!!fJll i~'tf>1 6 ~1elriwi1'1-1i1el~Hi{bl~1J1~-!llIfi 6 li'U lfllJ 2553 ~>1 '1Ifli1fl1l'f1elVl'i11ft' 

VI'U-qflJlJ/hJHr;l1 2 i 1elOl.;J 't'lUi1!i1'U 11i'",''Ii\11'fl1myft'ltll'I'U{ pandemic H IN I 2009 ~lifl1n:::Ul'fl \'UfI'U 

11(1::: M''iHJ>11'U 1'l.i1l~'1 T'fltl Sreta et el., 20101'U Emerging Infectious Oisease
6 

(i.;J,yju'Uu H~'nnlltl'il tI-!ll'U) 

l~lJI~lJ~f1 2 flf.;J ft'llJUflll'n:::Utlfl11fcr1Yl'ni1J~f1 4 ~1rJriH ~.;J'l'11fln1i111'UflcrltJli'U{II(l:::~l'1'il1il\)~tIIltlfl 

~hfft'1<Ulti'fll'Hili"'luVI'U'lr pandemic HlN I 2009 flU llfcr1'li''H1'f1 hitY?!fl'i !~1Jii'YiUfl~!lil'1hnh:::I'Vlfl"1'Vl tI 

~1t11'Vlfl-Ufi RT-PCR l'f1ul~ primers iirJelfllIUUlJllJ1flri1'U'Ufl~1i'U PBI 'iJ1f1Anfl1Hln'il't'l1J11f"'ft'lU~'Ui 

HINI J'I 4 ~1elOH;iel 11fcr'1.u'H1f11mYff1url'U{ pandemic HINI 2009 ri1'U~1mj1-!1tJrJVl~lfi'lHl1fl?!fl'il'U 

~~'H1'fl 'b'(lU~ l'IU111AnU 1fl~el i1fft'cr1 Ull'Ul HI N2 ~1el U1-!li~ flril11J1'il1 flUflVl'Uel-!l {yfll'el1rn.h :::mUl 
'l ~ 	 '1 'III 

9 
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Q.I ~ C) cf ~ Q.I' d.Jt do Q,I 

rH'l fl n fleJfl 'i~ 'I1m'rtf!!mnm(\::mnlft'i 1~11f11UJll1lJeJ'Uf1U (homology) lJl f1'Y1~" IlJeJ!'YItJU flU 

;ilU.oeJlJe'!1u GenBank IIfffl'llmlln~~ 3 ,,(\:: 4 
~ 'U 

flf-.1ifI'UltJu!'YltJUrlm<j'U1!m'ilJ'tIeJ'Ib;i:r~ijQ1'U!1'U.ueJ~e'! GenBank IIfffl'l~'1fll'Vf~ 121m:: 3 TVlUfflU 

111ll1l-llf1l'J'tIeJ-.1UU HA 'tIeJ-.111i'ffi.o111V1'11i1i'lmffltJl~'Ui Hi iJ 2 ffltJ i~l!ri ffltJ~-.1I~lJ Classical swine HI 

('riU'i::1Jlfl1'Uffl1f!eJllJ!f1l) lie'!:: fflOq laJ Eurasian swine HI (l'tU'i::1J1V11'U1'l1t1QInJIl"::leJl;tJ) i1fff 

l.o111fl htWfffl'i ''UtI'J::1l1ffil'l ufflUnui' H I lJl'01f1ffltJ111'J1'Ulf1l'J Classical swine HI 1flU RA 15 1H'l~ RA75 
u • • 

\lfleJ~1'Uf1~lJ Swine HIV miJeJ'Uflu11fff,.o111fl1'11tYi:rlrrt1'U{1l11j HINI 2009 ril'U K4 ,jVlij~I'Uf1~lJ Swine 

HI a miJeJu flU 1lfff1.o111flll1tY'lm~,fttJl'tuhl1.h:: Il'I ff1l'1tJ mi,rleJ 11f1'J 1~"ffll1lJI11 iJeJ'U'tIeJ'I11i'ff K4 

(HIN2) J-.1 8 UU (fll'JN~ 4) ,\'luihnU1i\lll'Ulfln'01f1f1lnllJflU'tIeJ'IUU~lJl'OlflJ.:J"C!m ff~Wfl 11,,::1-1'4116 

(fIll't~ 4) ~-.1fl1HmlJfl'U'UeJ-.1 'hi'ff K4 (H IN2) fI~ltJflUttlAlUU flnr-lfflJfl'U'UeJ'I ili'ff1.o111V1111tYfflUyiu i 
hni HINI 2009 ~-.1f1l'Jl~n::i.:J\I(\::rln1'O-rf'l,\'lN11i'ff1't1tJl tJii'lJ1'Y1Ul IIl:1::ft'fl1Jru::'VIHi'U1!,f1nlJ'tIeJ-.1 'hi'ff 

l.o111flll1tY"C! fl 'JI 'Uti 'J:: III ff'll'l umiNvleJltieH 

~fl l~eJrilJUlJ6~lU 
'U • 
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o QJ' cid 
111 'U 1'U~1iHJHVl!fl1J 

RT-PCR 

86 2 9 6 

23 3 o 

25 4 4 

':llJJ 134 9 14 7 
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Gene SIV isolates 

(length; base pair)7 

(Cheung and Poon, 

2007) 

RA15* 

(DIN I) 

RA15*" 

(DINI) 

K4**" 

(HIN2) 

PB2 (2341) 2.279 2,257 2,259 

PB1 (2341) 2,233 2,233 2.274 

PA (2233) 2,151 2,151 2,119 

HA (1778) 1,674 1,691 1,700 

NP (1565) 1,487 1,489 1,496 

NA (1413) 1,411 1,410 1,403 

M (1027) 967 981 979 

NS (890) 849 822 837 

* RA 15 Hfl~ RA75 ~Vl1J1'rlU Emerging Infectious Disease
6 

i'fltJ Sreta et a1., 20 lO 

*K4lhnn.HlvH'h'll'UIIUU l1Jffl~HI{~lIflln~11'U the 21't International Pig Veterinary SocielY Congres:>, 

Proceeding, 2010 July 18-21.lfW Srela el el., 2010 
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Vll'JH~ 4 j:-Hlf11':i11f1'jl:;11f111JJl'l1jJ~l-lfi\'\ (homology) lI1fl~,!" 1~~I'~(l'\JO'\J!l\'\,j~J.tCl'\'\ GenBank hw 

rlll-l1uHtll-Hll j ~rJC\:;~n1jjij\'\ ri\,\'lJ~ ,rihfl~n~ 'lnfl (% Nt identity) 

I 

I 
I 

I 


I 

Gene Virus Nucleotide 

compared 

Virus with the highest degree or 

Homology 

Nt identity I 
('Yo) 

PS:! RAI5 7-2286 Alswine/TbaiJandlCU-RA ll4/201O(H IN I) 99 

RA75 7-2264 Alswine/ThailandlCU-RA4IZ009(H IN I) 99 

-
K4 22-2281 AlswinelRatchaburilN1AH l48112000(H IN l) 95 

PSI RAl5 34-2262 AlswinerrllailandlCU-RA9/2009(H IN I) 99 

RA75 7-Z240 A/swinerrbailandlCU-RAZ9/2009(H IN l) 99 

K4 1-2274 AlswinelUdon ThanifNlAH464/2004(H 3N2) 96 

IPA RAIS 1-2152 AlswinerrbailandlCU-RA l14/2010(H IN l) lOO 

RA75 1-2152 A/swine.ITllailand/CU-RA 114/201O(H IN I) 99 

K4 1-2120 A/ThailaudJ271 i2005(H IN I) 98 

-IA RAI5 4-1678 AlswineThailandlCU-RA 114/20 lO(l-lIN I) 99 

RA75 7-1698 A/ThailandlTHB0421/2009(HINI) 99 

K4 35-1735 Alswine/RatcbaburilNlAH 148112000(H IN 1) 96 

NP RAI5 1-1487 AlSingapore/ON080 J}2009(H IN I) 99 

RA75 1-1490 AlSingapore/ON080 Ii2009(H I N I) 99 

K4 35-1531 AlswinelRatcbablUilNlAH59IZ004(H3NZ) 97 

iNA RAI5 3-1414 AIAtbeusl1NS392/201O(HIN 1) 99 

RA75 3-1413 AlAtheus/INS392/2010(H I N I) 99 

K4 1-1404 AlChristcburchi II 1996(H3NZ) 94 

M RAI5 6-973 AlManagua'2729.02l2009(H IN I) 100 

RA75 6-987 AlManagua/2729.02lZ009(H I N I) 99 

K4 1-980 AlThailandl271!2005(H 1 N I) 98 

NS RAI5 1-849 AlswwerrbaiJandlCU-RA 114/201O(H IN J) lOO 

RA75 1-822 AlswinelThailandlCU-RA ll41Z010(H IN I) 99 

K4 1-838 Alswine/ChonburilNlAH977/2004(H IN I) 98 
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s\'IQnlanoOJ(H IN I) DQ2{I(!195 

'- -  s'hNE92(H IN l.l109D6l 

.00 

100 

o 'iWS.nbunQ5fH1N2) AS414336 

• swThat-Sl1I09 (H INI ) 

o s....cb.lchoeAg'Sao05(H1NIl EU '296601 

o l1u11QbfldOStHlNI) EFIOl149 

o ~bun04(HIN1) AS414304 

o S"o/ICboobun04CH1N I} A8434 3 12 

O ...a.on_'NII EU296605 

.. 0 S'6Olonblril5(HlN II EU29660l 

• sw1bat-C8II\l6tHINI)
91 

• sw'Tha-tlFii85 fHln I) f J688266 
" 


'---------------,OO:-:-l,~-s.Oncarid)C(H 11'42) 00290236 

sv.tlIl5(H1Hl , FJ6J8298 

o huThail3nd06(H INI, EU021~ 

swOtfOfi(H1Nl) EU4099G:3 

hoNYOl(H 1 N I) C V()()280a 

....DDltH1NI) CV028 2,g 

.-------duckHOng Kmgl9(HIH I) EF6 i9 1gg 

99r-'i~HINI)AF09IJI1 

100~weelgium83(H1Nl)AF091JI6 
100 swfRDU85(H IN I) CY037983 

tOO ~m981HINI)FJ805962 

qg s:wCmes dArmot99(H1NI) AJ412712 

() swlllaitand-RA 1141 IQ(H IN') CV062168 

6610 i'_·~tG-.°~'!'j:: ~H:~::; C'fC5Z3I6 

() ~~I51ID(HIN')CY062216 

A ()~H1NI)C'Y062'308 

, () ~wTlQbnd-RA9J09(HIN I) CV0:62324 

()s.~A29J09(HINI)CVOtinoo.s....M8..m9(H1Nt) 

100 tluMeUto09(H1Nl)G0402189

.-----=.'1 D~INII CV039906 

~IN1)G0280191 

100 ~l(HINI) ElJ604689 

1(1() 

s....otl)l ElJ5Oeti89 

s w4lD1(H fN2) Af.t56681 

sW'lct"!'i~~1) .~f~ 

s'trMHOO(H IN2) Af455678 

swNC02tt IN I, £U139829 

hulA05(tt INI) DQ889689 

Swine Hll3 

1(1() 

.. 

9 7 

100 s\llOiAOC(HINI)EUIl9832 

tOO 0 ~1haUaG-AA2'flI(l9(H 1 N I) CVOti2284 

.----""-io swThaiMd-RA 20411 O(H IN I) CV062292 

• swThaH:8.918109(H IN 1) 

100 • swThaf....K4I09tHIN2) 

• swThai-UlO9(H IN 21 

'- ----OS>Ollal.._'NIIAS4l4296 

1S 

S'I"olAll(HIN1) EUI39826 

96 ~168(H1NI)EU13!J8'Z) 

[£
S\'IQH3S<H IN I) CY027291 

~----= SwtA3O(H IN 1) EU 139823IOO::-f 

w S'lrM45(HINI) EUI3982" 

O ...Thwnd06(H IN 1) EU02 12.46 

o :"Thailalld06(H IN 1) EU021252 

Swine H1a 

Swine H10 

Eurasian 


Swine HI 


Swine H1V 

Classical 

Swine HI 

00\ 

http:EU0212.46
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96JO s...chonburrCS1/05(H1N1) EU296604 

100 10 swThaliand-HF6IOS(H1N1) FJ688267 

o ...cnooburiC82106(H1N1) EU296006 

o huTha~and05(H1Nl) EF101756 

o swThai-SA43l10 (I-I1N1) 

'-----I 

100 

o SVoRatchaburi03(H1Nl) AB43<I298 
47 

100 o swlhai-C8918109(HI N1) 

o SlllRatchaburiOO(H1N1) AB434290 

o swThailand-RA20109(H1N1) CY062266 
59 

100 0 swThailand-RA204/1O(H1N1) CY062294 

m 0 sv.Chachoengsa()(J5(1-11 N1) A 843<1330 

o sv.Chonburi05(H1Nl) AB434322 


2) 100 0 sv.Ratchaburll8(H1Nl) AB514941 

Eurasian swine N 1 o swThai-ST3I09 (H1N1) 

5 huCalifomia09(H1N1IFJ966084 

I::JMe~icoOO(H1Nl) FJ998214 

100 0 huNonlhaburi09(H1Nl) CY039988 

o swThai-MB.2J09 (I-I1Nl) 
71 o swlhailand-RA29/09(H1Nl) CY06ZlO2 60 

Pandemic H IN I 
)8 0 swThailand-RA4I09(1-11 N1) CY0623lO 

6l 0 swThaoiand-RA9I09(H1N1l CY062326 

• sWThaila00-RA7S/10(H1Nl) CY062318 

48 0 swThailand-RA1 14110(H1N1l CY062270 

lS. swThailand-RA1S/10(l-l1N1l CY062278 

S¥oEngla0d92(1-11N1) AF250366 

67 sWIaly95(H1N1 lAJ410876 

roo 

I sv.fOinislere84(H1N1l AJ412689 


'---------lDo1, sVlSelgi....s3(H1N1lAJ4 1 2690 


-67L s ..... 0t82(1-1 1N1lAJ412692 


,-----dL'Ck0hi086{H1 N1 lAF2S0358 


mallard ducklALB76(H1N1) CYOO4548 


100 

Avian Nl 
100 malla__96(H1N1) AY633214 

mallard duckiALB 76(1-11 N 1 l CYOO5805 

o huThailand06(H1NllEU021253 

huYamagata06(H1 N1 )AB521091 

lOa Human Nl 

~ swToarjPl4(H1Nl) EU004442 

IL------huBre..;g MlSsion18(H1N1IAF250356 

lOa North American swine Nl 

swArizona77(H1N1l CY025004 

swTennessee76(H1N1l CY022031 

,----swAlberta03(1-11N1l 00280202 

\----j 
0.02 
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57 

o huThail.nd06{H3N2) EU021285 

o huThail.nd07(HJN2) A8501506 

swTexas08(H1N2) CY045585 

s_ (H3N2) AF25'412 

S>IIMinnesotaOO(H'N2) AF455694 

,-  ---- 

" .....ohne97(H3N2) EF409254 

swttaly96(H3N2) AJ293936 

,-- -
~-----'llOooi-____ 

61J 0 huThail.ndO!!(H3N2) A8501490 

99 0 huTh.,land09(H3N2) G0902827 

I 
Noo1l1 Amencan s";ne N2 

.-_---'J)()=-J[ 0 swThailaod-KU5.1104(H3N2) F.E61 002n:= 0 sv.Ralchabt.wi05(H3N2) ElJ296620 

._ 0 s..Ratchab'JTi04(H3N2) A6434370 Human N2 19905-20005 

huNew Y 0Ik96(H3N2) CY 00991 0 

63 100 huClvis1cbuoch96(H3N2) EF584346 

76 o swThai-L2J09(H' N2) 
'-------1 

IlO • swThai .K4.U9(HIN2) 

98 

IlO81 

swGermany02(H3N2) AM920743 

0 slNChachoengsaa03(H3N2) AB434346 

0 swlJdon Thani04(H3N2) AB434354 
Eurasian swine N2 

huEngland72(H3N2) CYOO9358 

94 sYMongKong76(H3N2) axJ716 

8 3 huToI<yo72(H3N2) AY210135 

Human N2 1970s 


93 huHong Kong74(H3N2) CYOOiiOO9 


E~	.~"·~'<l=72:I·CN2) CYOO9638 


huMemphis72(H3N2) CYOO2746 


huEngland6' (H2N2) AY209004 I	 I96 huEngland67(H2N2) AY209924 Human N2 1%0s 


87 huPuertoRic068(H3N2) AY210,,5 


o swChonburUi(H3N2) EU296622 

o swThailand-S1f05(H:lN2) F..688269 

100 o swNakhon palhom05(H:lN2) EU2966'6 

,---------- 0 swSaraburi05(H1N2) ElJ296608 

,-  --  slNGermanyOO(H'N2) AM920738 

IlO swCoIes dAnn0r98(HIN2) AJ412704 

4SL- s'-'IAlaly98(H'N2) AJ4'2701 

~--- s-M-ienan04(H9N2) 00961596 

100 L..____ duckShanlouOO(H9N2) AF523397 

L..____ ch,ckenHenan9\l(H9N2) 00004424 

~-------- chickenKorea04(H3N2) EU301287 100 
Avian N2 

,-- --<b:kNewYork88(HSN2) CYOl4874 


L..__-, ~____ ...anNew York06(HSN2) GO' 17' 87 


,------- chickenCalii:>miaOO(H6N2) EU182255 


~--- chickenNY98(H3N2) EU743197 


I------i 
0 02 
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~ Classical-Eurasian Thailand 
' . , : swine HINI./,,:;. ~": ~,~,~~" -

' -.i 

;~ n~~~~~~~ 
6 --, - - '. 

HA,NS, ~;.. /.. ~... ,,;~-t 
Classical swine HINI 

Human H3N21990s Swine H 3N2 Doub!j. reassortant swine H3N2 

11 

i1fJOl-195flJlj~1'U1'U~-1l1lJ~ 271 i1fJOH FlClfll':ifl':i1u~1U1i H[ 'V'l'UlHFlCl1Jlfl~fJ11fffffl£fW'U{ 

HINl(06) JJ1flvi'lfl ':ieHCI-1JJl~fJ HINI(09) H3N2(07) !lCI~ H3N2(05) (flnl~ 5) 1~tII~'Ui1flth~95flJl'Ui1-1 

11 emit! fUr. 2552 ii~ 2553 9t-.1,1j'U'lb-.1~}Jflln~'Ul~'UfJ~hfff1'11'111~Il1i1iffl!'ll~'U1nl1~ H IN 1 20091'UlJl~'lJ iJ 

,1j'U 1~fl'j'H ulflFlClfll':iVi':i1u'VI'UqrflJ fffll lHI'lCl'U1fl~fJ hfff1.u'111Vill1l:UfflU~'U;Im.i HI N 1 2009 ff.;jii~?eH.l 
'lI U Q 'U 

. 1 ... , 'j/ 1 . "'"'I' 1'j/ 1 1 _I 1 d 1'j/'" Cl~ 33,95 !lff~-1TI 1':iff 'U111~ l1il1fflUl'l'U1i l1JJ HINI 2009 ~':i~'Ul~ 'Uffm 'Uu':i~!'¥Ifl' '¥IV !lCl~1J!('U1 'UJJ 
u • • 

IlfJ ..'l'Vh-11'U Ifl f{~~ 'lfll l~fJ CI~1fJ fll fffll ':i~~ (.fffJ'I1'llJ'i~"f'h~'lfl ':i n'UlJlr~liJ 

'lJfJ-1'11fffLl.u'111~httY,ru~ w 
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'ill f1 f1l d" fffl'm cl011 m:::-llHYtU1! m d" 1JI!(l :::-'11 ~9H'lJ~h-Wl'tfe>~ 'hi~ i'li111fl1l1tY'lfl'HIl fll'h {lJ 'lm 1111 ~ 

11i1'.;J"u~m1fldl'lilJl vllJflln:::-lJ1fl'tfe>.:J·hi'~'1.u111flhmj~Hfrimnmj HINI 2009 U(l:; '1i'~,.u111flll1W
1 u ::a u 

~f1 d" ~l m~u i'~lfl tid" :::-lJ1fllw.h:::-l'fIil1,,1tJ ~.:J "1 fl~mnllilJl~lJU.;Jf11d"~flI4e>'lillJ'ill o~m fflJUlI rJ"l.n~l{lIu11.;Jif
1 1 q • • 

. " . 
fl 1 tl1~ HI test ViUNfh1NTU1fH\,<ti¥l~fld me>f11~~fll~e>11i'~ ,.u111flh,ui'illfl~fldlJlflfl':ilfl'Uli':Ulfltllhh:::-1~ 

• q u q 

Q.I Q.f & 91 do ..:::ot. cfq (V ..:::i '1 dl q 91 ~ 
~JJf.I~'f!flmw t\.;JHH'ln:::- 42.68 (f\1'UJ'W I'U Veterinary Microbiology fl.:J'VIII1UJ I'UllltUnnfl) 'il.:Jfl1d" Il1ft1lll~ 

IICl :::-ii1l1~ld f11 d""\.1 flld"ft1U fllJf11d"~¥Ilie>.ulll'ill il~fl'j~lJ'4110 l~e>nflle>f11~f11n:::-uuum:;flld om v~'U('tfe>.;J 

11i'~111111fl1my'Ifi'ifl Ie> 

Vl111.:J~ 5 !I~fl.;J~lU1'U'f11eHjN~i'1II1n:::-f.lnf11dfld1'il11111e>'U~Ue>~~e>!ie> ,.u111fllmY'lfl'j~ltJ-WU( H IN I 

I!Cl:::- H3N2 fl1t1n Hemagglutination-inhibition (HI) 

HtNI(06)t HINl(09)tt H3N2(OS)t H3N2(07)tI 

% 

)l'lflJ~ 76 62176 81.56 31176 40.79 0/76 o 14/76 18.42 

75 75/75 100 7/75 9.33 0/75 o 1/75 1.33 

120 75/120 62.5 541120 45 0/40 o 121120 10 

271 212/27178.2392127133.95 0/271 o 271271 9.96 

• '1 " q ~.I" '" '" "''1-;;'1HINI(06) I = Il'll:::-IWO ml1fl~fl) \\.Inl'.ilJ A U.;J111fl'tmUlIUlJfI.il.2006 , . 

HI N 1(09) t t = pandemic HI N I 2009 ml:::-llvo'lfl\llfl"!fl'j 1'U'Yh{JJ C 1l.;J111W.i1'!f41hillft.ff .2009 

f.lClU10 = Hi 'lIfIlf\e>d"" 2:. 40 

http:1l.;J111W.i1'!f41hillft.ff
http:t\.;JHH'ln:::-42.68


-------

15 

Percents sera-positive 

80 

~ -- -. -- -- . - -- - . . - ------- .70 

- --- .- ----60 


50 ..;. 

40 -t -- _ . 
30 i ./ ._-- 

20 .j - .. ....., -- " .----- - 
1 ... ...

10 ..; 
. -- " .-. 

o 1 -- 

1··· ·, ... · - ,_ ~ __ __ 

1-I1Nl(06) H1Nl(09) 
H3N2(05) 

H3N2(07) 

Hemagglutination-inhibition (HI) ifltl 

HINI(09) == pandemic HlNl 2009 !'Yll:::IIt1fl'~lllfl,!mhrrh{lJ C~,n-d'fl:il'n!~"ullfl .~ .2009 
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~16tjl\l lJlflfllHl'.i1U1ihnrO~10!'nfI'Ufi RT-PCR l'1'Ul-H'f.ln'U1fl~8hi'~''li''Hl~h,qj'll'i1~ w ~TU1U 14 

~16~l\I HCl~ crllJl'HII'Yll~UOfl h1'crhl1,ji 0l'lflIlCl~l'Hl61"l1nclll't1~lio.:, MOCK ,~ 7 i16 ~N 'illflfln~ml1 

~flllW~'YlTrvrU1ifl'.inJv.'U~16fh.:,111'~IIt1fl ~1~'illflll-1'Hl~'l1'll"U~~1'U1U 6 i16aN "6 i1:ii.'I"'li''H'j~lmum 0 
q.. 'II U 

.wu{lmj pandemic HI NI 2009,huBfl I ~16aNlItJfl 'lf1''illfl<ij-1'Hl'''Il'n1J~fml-H'Rn1.J1fl~6 'bi'i.'I'i'li''Hl~ l'Hqj 

f(fl'.ii.'l'l oVitt{ HI N2 Ul flflnllfl'l1~"ffl11lJl'Hl1'6U'tIeJ-1iiul'U'ibfl~16 i'nil v.mJl~lflfllmi.'l'lJ rlU'tl~N '1:ii.'I' 

i,j''Hl~ l'11tUi.'I'lmt'U1l H I N I ~lJ6all~1'U'\.h~''Yl~hltl rl'U hi'iYi.u'l11" lmucrmcrlOl1U1l H3N2 
(J CI <II <IIq.. 

.. 
fll 'j~mJ 1~fllJUl~'Yll-:Jl~'U,,! fl'.i'j lIl1lJlJfl1111'l1Cllfl'11Cll tlll1 fl~'U IT1o'nlJ fln 'j~1Jl'fI'tl6-1 i 1:i cr 'l,j''111~1'11qi 

crlo~'Uilmj pandemic HINI 2009 I!Cl~·h:icr1,j''I11~lmY'lfl'.i~flf.lcrlJcrloli'Ui HIN21'U'lfl'.i 'U6fl1'11U6Ulfl 

'hi'cr"l.,j''I11~ l'11tUcrm crltl'yhfli H IN I !lCl~ H3N2 ~lflO'l~'Ul'fl6ri!lcl'11'U1h~I'Yl~''Yl1'J l'U fll 'j~fllJlflf-3ifv-3hi
(.I 'I ~ 'U 

1'1'U f) n flfll (lvi'U ('lJeJ-111:icr1.u'111fll'11qjmo.w'Ui pandemic HIN I 2009 u~Ymh:icr'I'li''H'j~h,qj'lfl'.i~flf.lcrlJ 

crlOl'il-!( HI N2 ~11!D!I'U'Ufll'lf.lcrllrl'Uflt1'lorl'Ui1:icr'l'li''I11'fllmlicrlo.w'Uilmj pandemic HINI 2009 fleJlJ 

fll'l rmll rll-! 'lJeJ-1~tt~lJ 1Ul o.J-:JiYm lifl TIl 0 IICl~ll'UlJ if cJr-1V-1 ililJ'li'8lJau'Uu'Uf:i.:,iioOfllV.'tI6-1 on 06hfl fll 'j. . .. 

.. 
mHfln~11N;rU1'l'1m Ulflf1';I6VN~:illCrfl'j1l1'U1'Ui,mmt 271 i1eJOH lu'lf'J,nJaw1J fur. 2552 

i)-:J 2553 Ylu1-H'rlCl'U1fl~611i'cr'I,j'111'fllmucrmcrl mt'U1l HIN 1(06) lJl fl~crfl 'leJ-1Cl-1lJl;}eJ HIN 1(09)
u <II 'II q 

H3N2(07) l\Cl~ H3 N2(05) IIcr"-1 ';i1 11i'~'1'li''I11~lmucrm crltl'n'U1i~lj1J'tl'Ul'Yl1ufll n~'Ul~ l'UD 'j~I't1~''Yl O;}eJ
u , • 

HI N I UCldiUl-!1!U1J11 11i'cr'<U'I11'fll'11qjcrmrl'Uil'11li HIN I 2009 'il~'l~1JlVllucl-1crm l'UD'l~I'YI~''YltJ 

nill'~f'U l'U'lJUl~~'b:icrcrlfm'U1l H3N2 ~'fHJ'l~'Ul~I'UtI 'Vt~. 2548 ~n'ilhh~lJIMluil'il'illl'U uCl~i1:icrmtl. . 
1~'U{ H3N2 'ii'Wfl if1'i'UlI 'Vi.~. 2550 cJt-1lJl1'U,,! m 'jlJlI'fIfl~Hrl'U 'WlJmn~lJlfllu'j~fl1J'ii~lCl-1 (1.h~l.I1Ul!eJ tJ 

Cl~ 10) fll'Jrln111'YlH~~lJ1110nf~crlrm'U~ HI N 1 11(1: H3N2 \l::lilh1'Yl:n'Uf:i~crmu~on~fI'~eJ '1i'cr'ii 
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.. . 
fieJ 'l1 ~'11i'ml el'U~HIl.rYh:!::lJwll'Uliel'lfi'U'\1leJlll'U 111iYHel'U ~Hl'Uilij (!iJ~lJ rlu.u llJflU ~'lflTjijflWYl1U iYeJlJ 

fll:i l~'bi'ml eJ'U~!"'UelriHiY~1IiYlJ8 '\1lelrt1li\iilI'Ul11i~~ 'n1J 1~nfll~1Hn:!::~lOfr:h HI test l~elfln1i'i1JQfJ~ 

l1f1IS11J:!::'lhdt'UflnileJ'lrll-Uln:!::fl1lJiUJ hTl'~ ~fl,f'l~~'Yi Hl'Ulml~f1 iYflllj18flHY~iU~8 '1i'C1''liWlfihtw
, .... <!II U 
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(Discussion) 

~l"'i'JI ... q· "''''q' '1 • .1'" • d!
1Jlflf\lofllHln1J~1.1 THY 'U1I1f1ll1tyC'l'll'Jl'I'Ul! 11Il.l pandemic HINt 2009 Illfl,,!m 1'Ul'1l':il.lllll'lll'U\I 

~1i\l1I1fl n 'b'l{j 9t\llfll'J~ '.l11ll'lUlIUlfl'U1I-Ulrl'mr1IiJ'B1J01I'J1~eJ'U't'iq'tJ~ flll'J'U 't'i.~. 2552 IIC'1'fl\l'h i1i'C'I'i.u1l1fl 

h'lt1jC'l'lClVr'U{ pandemic HINI 2009 ~'.l::1Jlfl'llHmil 2009 J'UC'I'l1.1l'.lfl~fI~eJ1'U111'J'Ul'U,,!mif1fl~H-ueJmll'U 

11m 6 l~eJ'U I fll'J't'i1.1,,!fl'.lllfl·monnJIIC'I'fl\leJ 1 fll'.lI.yjCl\l~1~mC'l'1.11.111.11l0:: ieJl~fl-UeJ m'YhJ'U 1mhm'.l mrleJ 

tlo im~eJ1.n'iq'tJ~flll'J'U 't'i.~. 2552 'nU el~'.ll flwihfJ'l \ltI'.l::lJ lUi feJ l'Jo:: 50 l'U ,,!fl'.lll!'il'UlJ vieJl.llel ~'.llihfJOfl'H 

'O'Ui1\1I~erUJJ'UlmJ 't'i.~. 2553 11l~f)th::l.llwfeJI'J0:: 10-20 ''Yini'U ,j'eJ1jOi\lflo'11U\l~11'1m'li1\1l1rl'\llI!'h'UlJiJ 
" . 

fl11lJ '11i' mleJl~eJ 'hi'C'l'i,r1l1f11muC'I'm ~\I.yj\flfJij fll'.l '.llfJ\l1'Ul.ll1!~18.9.. . 
'ill fl r-Io f11nh'.l11l~\I'YIH l1i'C'l'1'Y1fJlUO~q$i'lJ1'Y1fJlflf\lif '\'11.1 fll'.lm:;'01U'UeJ\I hi'C'l'C'I'lU~'U{ H 1 N 1 '! 'I 

lI<fl1Il1.1'bi'i'1'C'I'ltrw'U i H3N2 ~1 'UeJflll lfliffJ\lYI1.1fll'.lfl'.l~'011'J'UeJ\llJi'C'I'C'I'll'J'W''U{ pandemic HI N 1 20091'U '1f)'.l 

. " 
9i\lijmnl-ulJlJ1 fl~'U ~\ll!ljbi'C'I'i~1I1f1 lHtY'1m 1l::lli rieJ hfl~'UIiHl'U,,!m Ilvifl1'.lijfll'.lINl':i::1-1flln::1Jl fl 

. " " 
l~eJI1l1H1l'.ltleJ-1fl'UIIO~fl1lJfllJ fll'.l I f1fl 1:ifll1-11'U C'l'fl 'J 1I0:;f1l '.l~fl~eJ'\JeJ\ll~eJ,r1lJlJlrifl'U.. .. 

" ~flElW::'YIN-W'U'Ii m'.llJ'UeJ-111i'C'I' 1,j' 1I1fl1muC'I'fl '.l1'U lh::I'Ylf{"I'YIVlJfl11lJlI01 fll101fJl.llfl.u'U 0'-1\1:0'01 fl
• u • 

fll':i~m':ll''Uflf\lif v\lhj~1.1fllmmfJ-w'U('UeJ\ll1fC'l'i.u1l1f1111qjC'l'll'J"'Ui pandemic HINI 2009 UviflTHl'.l1'O 

)'11.1 'hi'C'l'oflr-l C'l'l.lC'l'l U~'U ~ HI N2 91\1u-1;0' \lleJ fllC'l'fll'.llflflfll':i RC'I'lJfl'U'Uf)\ll1i' C'l'1'U C'l'fl'.l l'Ulh ::I'YI f{lYl Vi f1 ~-1.. . . 
fl1'.lINl'.l::1\1110:;rll':i1'OJ\I'YIH bi'C'l'1'Y\fJl 9HlJ1'Y1fJl lIo::ftfl'tJW::;'Y\H~'U1i fln l.l'UeJ-1'1i'C'I'i.u1l1fllm.UC'I'fl'.llw• u • 

tI '.l ~I'Y\ f{1'Y1 fJeJ ~NvieJ,iieJ -1 1~eJ1'18-1 rl'U I!o:;PI 11.1PllJ fll n:;1Jlfl'UeJ-1 11i'C'l'oyf-'l1'U C'I' fl'.llm::;fll'.l~flI4eJrilJ'U'tJVf11fJ
'\II <I 'U <a 
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Introduction 

Swine influenza virus (SIV) sUbtypes H1N1, H1 N2 and H3N2 are 
well established in the pig population worldwide. Since 1999, 
the H 1 N2 subtype has emerged and caused abortion storms 
in pregnant sows in the U.S. swine farms (1).ln Thailand, H1 N2 
SIV was first isolated in the non-clinical swine farms in Saraburi 
province Located in the central part in 200S (2). It was not until 
2009 that we found the H 1 N2 SIV associated with severe respira
tory distress in two pig farms in the eastern part ofThailand. The 
objective of this study was to characterize the major envelope 
glycoprotein genes, HA and NA of the re-emerging Thai H1 N2 
SIV. . 

Materials and Methods 

Two separate pig farms in Chacheongsoa province located in the 

eastern part ofThailand, faced with respiratory problems in the 

nursery to early grower pigs (4·12 wk). The morbidity rate was 

over 50% and mortality rate was approximately 10-20 %. Fresh 

6 rung tissues were submitted to the Chulalongkorn University

Veterinary Diagnostic Laboratory. Lungs were diagnosed of 

PRRSV, PCV2 and SIV by PCR. SIV subtyping and characterization 

of HA and NA gene were performed (1). 


Both SIV isolates designated as A/SwineIThailand/CU-K4/09 

(H 1 N2) and NSwineIThailand/CU-CHL2I09 (H1 N2) were charac

terized. 


Results 

The nucleotide homology of the HA and NA genes of the two 
current H 1 N2 virus compared to the first Thai swine H1 N2 
isolated in 200S (Hl N2/200Sj are 87.S-88.2% and 82.3·82.6%, 
respectively. HA genes of both 2009 isolates belonged to classic 
swine lineage si milar to the H 1 N2/200S but located in differ
ent clusters. The NA gene of both 2009 H1 N2 belonged to the 
human·like SIV similar to the H1 N2/2005 but also located in 
different clusters. 

Discussion 

Previous data indicated that the Thai H1 N 1 and H3N2 subtypes 
were separated into 2 clusters (a and b) (2). The Thai H1 N2 SIV 
reported in 2005 contained a combination of H1 N1 (H1 ·classical 
swine (CI) b) and H3N2 (N2-human (H) b). The origin of the N2 
of both 2009 H 1 N2 viruses in this study appeared to be similar 
to the human·like in cluster a (Ha) closely related to the Thai 
human influenza viruses. Characterization of the internal genes 
is pending. No pathogenesis or epidemiological data was done 
with the 2005 H1N2 SIV. 

Fig. 1: Phylograms ofHA gene (A) and NA gene(B) ofS/vHI N2.Both 
2009 HI N2 isolates were associated with the severe respiratory signs in 
pigs. This study demonstrates the presence and on-going diversity of 
the HIN2 SIV in the Thai swine population. The study also highlights the 
importance ofSIV as a contributor to PRDC which remains as a major 
problem in the Thai pig industry 
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Introduction and objective 

Swine influenza virus (SIV) causes an acute respiratory disease in 
pigs that occasionally can be transmitted to human. It is one of 
the major viral pathogen that contributes to porcine respiratory 
disease complex (pROC) (1). In Thailand H 1 N1, H3N2 and H 1 N2 
SIV has been reported in the pig population. SIV-infected pigs 
shed virus for a short period. Therefore serological tests have 
been used as an indirect method to study SIVepidemiology 
in the Thai swine population. However the most updated SIV 
seroprevalence data was reported since 2005 (2). Previous gen
etic datachara~terized Thai SIV H1 subtype into classical swine 
lineage which is subgrouped into two clusters; classical swine 

. cluster a (Cia) and b (Clb). Thai H 1 Cia and Clb were thought to 
have derived from a hypothetical Classical swine H 1 N1 common 
ancestor in 1981 and 1990, respectively. TheThaiSIVH3 sub
type belonged to human lineage and can be subg~ouped into 
two clusters; human cluster a (Ha) and b (Hb). Thai H3 Ha SIVs 
were closely related to Thai human H3N2 virus isolated in 1997 
while Thai H3 Hb SIVs were closely related to human-like H3N2 
virus circulating in the early 1970s (3) . This study, we provide an 
update data 

of the SIV seroprevalence based on both clusters of HI and H3 
SIV in pigs from the high pig population provinces in Thailand 
during June 2008 to May 2009. Materials and methodOuring 
June 2008 to 2009, 850 pig sera were collected from pigs of vari
ous age in the four provinces that have the highest density of 
pigs in Thailand. Those provinces include, Ratchaburi, Nakhon 
Pathom, Chonburi and Chachoengsao. A standard hemagglu
tination -inhibition (H I) assay was used to evaluate the antibody 
titer against Thai HI and H3 SIV. HI test was performed, accord · 
ing to WHO (4). All sera subjected to test with H3 virus were 
treated with receptor-destroying enzyme (ROE) and adsorbed 
with 50% chicken red blood (RBC) cells to remove non-specific 
inhibitors of agglutination and natural serum agglutinins. Sera 
subjected to test with HI SIV were absorbed with 50% RBC with
out ROE treatment. Positive 51 was considered when HI titer was 
;:: 40. Virus an tigen used for HI tests were H 1Nl Cia and Clb and 
H3N2 Ha and Hb (3). 

Results and discussion 

Table 1 shows the percentage of pigs with positive antibody to 
HI and H3 SIV in each province. It was demonstrated that pigs 
in all provinces were antibody positive to both HI and H3 SIV. 
However, overall the percentage of positive pigs to H3 Ha was 

significantly higher than H3 Hb (p<O.OI). There were geograph
ical differences of seropositive pigs to different clusters of H3. 
Pigs that were seropositive to H3 Ha in Nakorn-Pathom was 
significantly higher than Chonburi and Chachoengsao (p<O.OI). 
The percentage of seropositive pigs to HI N I SIV was indifferent 
between each province. However, percentage of seropositive 
pigs to HI Clb was significantly higher than CIa (p<O.OI). The 
findings indicated that Thai SIV currently Circulating in Thai pig 
populations are diverse antigenically. The data highlights the 
importance of updating SIV test antigen used in serological test 
for diagnostic purposes. 

Table 1 Seropositive pigsto HI and H3 srv by Hltest 

Tahle 1 Ser()po5iri\'e pigs iO H I and H3 51V by HI test 

% ~erorositi\'l' of HI test I, 
!P"oyincc HI 113 113 iHIlCb) 

(('Ib) (H.l) (HI!) ; 

~' , ',
\; ~"" .~,.i6.~ H5 13 .8 

R,1tdl~bllri 
j~5 II' J i 101 ~~7) (110I.i2\ i 1913S I I 

9~ . 2: IS .9 1 ' .9 n6
!'!;ll;hol,-P",holll 

(I~S 166113-' 20") (103231) i 2~ 1271 
99 56 .} 69 .1' 6.' 

Cllollb.lIf! i (S S I) (.JO "i.l I..J 6~ .,i3355.> 
~ 1.9 ~6.9 '9 .S" 21.1 

Ch~cho<:n!1sao 
(078~)(0 1~78) ( 173 JO~) II ~5S I I 
8~.~ l~.S !i 18.6 : ~O.I

Total i (12~683) : (~1:833) (}"3.~3") (61 3S5) I 
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General Introduction of Swine Influenza Virus (SIV) 

••--I.. 
Swine influenza virus (SIV) was first recognized in I 9 1fl COinciding with an influenza pandemic in 

human worldwide known as 'Spctnish flu' (Vincent el aI., 200fl). However, the etiology in pigs was 

•• 
identified as classical HI N I SIV in I 930 (Olsen, 2002a). SIV is a member of Orthomyxoviridae 

group A influenza viruses and SIV subtypes based on the antigenicity of two surface glycoproteins; 

•• 
. ... hemagglutinin (HAl and neuraminidase (NA). Currently, sixteen of HA (H I -H 10) and nine of NA 

(N 1-NQ) have been identified (Fouchier, 2005; Slemons, 2002). three major subtypes of SIV 

1
establish in pigs population worldwide are classical and reassortant viruses of HI N I, H3N2 and 

· " 5 
HI N2. However, other subtypes of influenzJ A virus such JS H5N2, H2N3, HI N7, H3N3, H4No, 

H3N I and H9N2 have been reported in pigs (Cong et aI., 200fl; Lee et aI., 2009; Lekcharoensuk 

et ai., 2006; Ma et ai., 2007; Shin et aI., 2005). 

f.

' -1,. SIV is a major endemic swine respiratory disease cJusing economic loss in the swine industry 

-. worldwide. Mostly, the prevalence is seasonally high in late fall and early winter months in the 

cold countries. Epidemics or pandemics of SIV may occur from many factors such as the presence 

of immunologically na_ve population, poor husbandry and cold weather causing stress and 

secondary bacterial or viral infections (Poljak et aI., 200fl). Moreover, SIV has a zoonotic potential 

..r··., 
r-

occasionally reporteo in humans in many countries including Thailand (NThailand/271/2005, 

HINI) as well as a pandemic HINI 2009 virus (Komadina et aI., 2007; Sreta et aI., 2010), In 

••'-.1, 
addition, pig can act as a 'Mixing vessel- since swine tracheal epithelium contains both 2,3- and 

2,6-N-acetylneuraminic acid-galactose viral receptors that can be infected with either human or 

avian influenza A virus (Suzuki et aL, 200 I). Therefore, a new pandemic virus can be generated 

from the swine ori in throu h r ass rtm n ada tation other hosts. p<;npri;:Jllv in h"m;,nc 

1,1 
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epidemiology of SIV occurs in two forms, epidemic or endemic. In the epidemic form, the 

rus quickly moves through .ill swine ullits of the immunologically na·ive 

Issues 

brm producing a 

~ I 

~~ -
~-
~.~ .... 

pronounced clinical signs but rapid recovery rate if no complicating factors are present. In the 

endemic form, clinical sign s may be less noticeaule and not all pigs demonstrate typical clinical 

signs (Brown, 2000). Clinical signs of SIV <:Ire manifested as an acute respiratory disease 

characterized by fever, inactivity, decreased food intake, respiratory distress, coughing, sneezing, 

conjunctivitis and nasal discharge. SIV is transmitted by direct contact such as nose-to-nose 

contacting and aerosol transmission mostly by the spreading of infected droplets. The virus is 

excreted directly with respiratory secretion from infected pigs . Incubation period of SIV is between 

1- 3 days and pigs rapidly recover within 4-7 days. In pregnant sows, SIV can cause abortion in 

3-7 days of infection mostly due to high fever (Dee, 2005; Webster, 2002). 

In general, antigenic variation of influenza A viruscs contains two characteristics, antigenic drift 

and antigenic shift. Antigenic drift refers to (In accumulation of point mutations inevitably 

produced during virus replic(ltion due to I(lcking of proof rC(lding (lctivity of the viral RNA 

polymerase Complex (Lam et aI., 2005; Laver et aI., 1951; Laver et aI., 196o). Antigenic shift 

Occurs through genetic reassortment of the multiple gene segments when at lease 2 influenza A 

viruses infect the same host cell and exchange of RNA segments (Lam et aI., 2006; Zhou et aI., 

1ggg) . Based on the virus origin and genetic mutation, chronologic(llly, SIV genetic evolution line 

contains two major SIV lineages, North American and Eurasiall swine lineage. The evolution of SIV 

in the North American countries is distinct from the Eurasian lineage since genetic variation in the 

North American lineage is much higher (Brown, 2000). For example, the Eurasian classic HI N I 

SIV was replaced by the whole avian virus jump into the pigs while the North American SIV 

contains mixed combinations of classic swine, human and avian virus genes (Brown, 2000; Olsen, 

2oo2b) . Similarly, European H3N2 SIV contains HA and NA genes from human 1970s like similar 

to the human pandemic 'Hong Kong' virus in 19B5 (de Jong et aI., 2007). However, other six 

internal genes were replaced by avian-like HI N 1 genes. Interestingly in the North America, double 

reassortant H3N2 emerged in 1 99B and subsequently triple reassortant H3N2 SIV containing 

human (HA, NA and PB 1), swine (NP, M and NS), and avian (PB2 and PAl viruses was 

demonstrated. Recently, a mixed virus containing two major SIV lineages was found in many 

countries and some had pandemic potential such as the pandemic HI N 1 2009 virus (Kingsford 

et aI., 2009; Sreta et aI., 2010; Woodland, 2009). 
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In Thailand, SIV has been an endemic swine respiratory disease firstly recognized in pig 
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since 1 975 by serological study using human-l 970s like H3N2 antigen (Kanai et aI., 195 I). In 

I g5a, SIV H t N 1 subtype was isolated and characterized as a classic swine H tNt using genome 

mapping, It was not until 2005, retrospective genetic characterization of Thai SIVs isolated in 

2000 to 2005 had been reported by Takemae et al. (2005): In addition, Sreta et al. (2009) reported 

a pathogenesis study of Thai SIV H 1 N 1 and H3N2 isolated ·in 2005 (Sreta et aL, 2009). The results 

showed Thai SIVs could induce flu -like sympiom in infected pigs and H 1 N 1 infected pigs showed 

higher lung lesion scores than those of H3N2-infected pigs. However, Thai pig farmers had no 

concern of SIV epidemic in their farms since the mortality was low with rapid recovery within 

5-7 days post infection, Thus, the information of the true SIV status in Thailand is not clearly 

elucidated since genetic and <lntigenic information was limited. Since avian flu (H5N I) and the 

pandemic HI N 1 2009 virus recently emerged and spread worldwide, WHO has been 

encouraging influenza surveillance in both humans and animals, particularly in pigs for the 

pandemic preparedness .. In Thailand, Chulalongkorn University, Emerging and Re-emerging 

Infectious Disease in Anim~ls (CU-EIDAs) has been studying nucleotide sequencing, antigenic 

properly and serologic diagnosis for Thai SIVs. Recently, basic information of Thai SIVs including 

human transmission potential, economic loss in Thai swine production system, interspecies 

transmission and prevention and control of the disease has been investigated. 

Epidemiology of SIV in Thailand 

Serological data from CU-EIDAs demonstrated that SIV sero-prevalence increased during the rainy 

season from August to October in 2005 (unpolished data). In aodition, SIVs could be isolated from 

September to December in 2005 to 2009 and from January to March in 20 I 0 after the 

introduction of pandemic HI N 1 2009 virus to the Thai swine industry. Furthermore, HI N 1, 

i, .
H3N2 and HI N2 SIV subtypes, well established in the pig population worldwide have also been 

circulated in Thailand (table 1), The first SIV subtype was H3N2 isolated in 1975, relating to the 

contemporary human strains detected by serological study (Kanai et aI., I 95 I). Subsequently in 

1gaa, the first HI N I SIV was isolated from pigs with an influenza-like symptom from Eastern 

Thailand (Kupradinun et aI., 1 gg 1). Later, a new HI N2 subtype was isolated from pigs in Saraburi 

province in 20[]5 (Damrongwatanapokin, 2001'1). Currently, major SIV subtypes circulating in 
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EIDAs. Previously, only 2.6% SIV rositive pigs were found from pigs with respiralory symptom 

.~ only H3N2 subtype was found using RT-PCR (Nakh;uuthai et aI., 200B). Moreover, the 2003 . . ~ 
J I a . study reported about 7.9% sero-positive for HI N 1 and 20.H% for H3N2 viruses, conflicting with 
, ' 
~ ," the data in 2005 showing higher sero-positive for HI N lover H3N2 in both grower pigs and sows 
.\ .. \ 

" (Damrongwatanapokin, 2003, 2006). Sero-surveillance in the mid 2007 to 200B by the CU-EIDAs 


was positive about 50':;'. for HI N I and 65% for H3N2 using HI test. Subsequently, in the late 


2009 to 2010, sero-positive was about 92% for HI N 1,24% for the pandemic HI N 1 and 4% for 


H3N2 (unpolished data). It should be noted that the incidence of SIV HI N 1 and H3N2 subtype 


become endemically in every 4 to 5 years and within two or three years the predominant subtype 


would dominate depending on many factors. However, it needs more epidemic information, 


validated tools, surveillance and specific factors of SIV outbreaks in Thailand in order to clearly 


elucidate SIV epidemiology and well-established prevention and control for the pandemic 


. influenza preparedness in Thailand. 


Genetic variation of SIV in Thailand 

In Thailand, HI N 1, H3N2 and H t N2 SIV subtypes have been circulated in the pig population. In 


2000 to 201 I, genetic data showed all Thai SIVs were reassortant viruses (table 2). Swine HI N I 


subtype had 3 p<ltterns of gene combinations between North American and Eur<1sian viruses; (1) 


classic swine HI HA gene mixed with 7 genes of avian-like or swine Eurasian lineage, (2) classic 


swine HI HA and NS genes mixed with EI genes of avian-like or swine Eurasian lineage and (3) 


classic swine HI HA, NP and NS genes, avian-like or swine Eurasian lineage of NA and M genes, 


avian PB2 and PA, and human PB t gene. In addition, both HA and I\lA genes of H3N2 subtype 


belong to human lineage, similar to the Eur<1sian strain (Chutinimitkul et aI., 200H; Takemae et aI., 


I 200(3). Swine H3N2 subtype had three reassortment patterns; (I) Human-like HA and NA and I) 


swine Eurasian intern<11 genes, (2) Hum<1n-like HA and NA, classic swine NS gene and 5 swine 


Eurasian internal genes were, and (3) Human-like HA and NA, classic swine NP and NS genes, and 


4 swine Eurasian internal genes. For HI N2 subtype, HA and NS genes were classic swine, NA was 


Human-like, and 5 internal genes were swine Eurasian. In addition, the HI N2 SIV was a reassortant 

- , . " p !. 

from a classical swine HI N I and a human like swine H3N2 (Takemae et aI., 2006). Moreover, a E'~ 
I 

novel reassortant HINI virus emerged in a pig farm at central part of Thailand in early 2010 
___ h 

(Kitikoon et al., 20 II a) . The novel virus contained the pandemic HI N I 2009 virus back bone ~ . -:" 
replaced only NA gene from an endemic Thai swine HI Nt virus. Furthermore, genetic variation of 

~:-:~ 
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H 1, H3, N I and N2 genes occurred since the introduction of new 

example, Thai swine H3 subtype can be divided into 2 groups, human-1970s like 

human-1990s like although they share the same human origin (Lekcharaensuk et aI., 2010; 

!~ 	et al., 2009; Takemae et aI., 2008). Genetic variation may cause difficulty in diagnosis and control 

the disease due to the phenotypic and antigenic property. SIV diagnosis in Thailand should be '! ....~.,.,-~ 
:1.~1~ based on the specific information of genetic, antigenic and serology obtained in the local areas. 

Table 1: ·History of SIVs in Thailand . 

Year Report of Thai SIVs 	 References 

1975 

. ~--~ ' orr 

19BB 

2000 

2003 

.~ . ~ . :-:; 
!:'I---  2004 

2005 

First reported of swine H3N2 by serological study 

First reported of swine HI N 1 isolation 

Genetic characterized of swine HI N I; classic swine 

HI (swUS) and other 5 genes were avian origin 

(swEU) 

Stable genetic HI N 1 similar to 2000 

Sero-surveillance 7.9% HI N 1 and 20.5% H3N2 

(ELISA) 

Genetic characterized of swine H3N2; Human- 1970 

like HA and NA, Avian -like of internal genes 

Antigenic drift of swine HI HA gene 

Human-I 990-like of swine H3 HA gene 

2 clusters of swine HI and H3 HA gene 

First reported of swine HI N2 isolation 

Circulation of swine HI N I, H3N2 and HI N2 

subtypes 

Sero-surveillance 55% HINl and 31% H3N2 in 

grower pigs, 91% HI N 1 and 52% H3N2 in sow 

by HI test 

Sera-surveillance 50% HI N J and 55% H3N2 by 

HI test 

Kanai et aI., 1951 

Nerome et aI., 1951 

Kupradinun et al., 1991 

Takemae et aI., 2005 

Takemae et aI., 2005 

Damrongwatanapokin et aI., 

2003 

Chlltinimitkul et aI., 2005 

Takemae et aI., 2005 

T<'lkemae et aI., 2005 

Lckcharoensllk ct aI., 2010 

Takemae et aI., 2005 

Takemae et aI., 2005 

Sreta et aI., 2009 

Takemae et aI., 2005 

Damrongwatanapokin et aI., 

2005 

Sreta et aI., 2010 

I 




!
>1 

> : 

Sero-study found pig-to-human transmission in farm 

workers about 50'Yo swine H I by HI test 

2009 

Highest swH3N2-07 sero-positive when compared 

with the swH IN I-Uo, swH IN I-Og and swH3N2-05; 

55.4,50.1, la.E! and 15.13%, respectively 

2009 	 Pandemic HI N I 2009 virus was isolated from pigs 

A new triple reassortant swine HI N2 was isolated 

2010 	 Sero-surveillance 92% swH1Nl, 24% pHINI and 

4% H3N2 by HI lest 

Reassortment of pandemic HI N 1 and endemic 

swine HI N 1 in a pig farm 

Phylogenetic analysis of three HI and two H3 

subgrour 

2011 	 Gellctic variation forming separate groups from the 

origins (swine EU and US lineage) 

Kitikoon et aI., 20 I [] 

CU-EIDAS, unpublished data 

Sreta el aI., 2[) I 0 

CU-EIDAs, unpublished data 

Kilikoon et aI., 20 I I 

CU-EIDAs, unpublished data 

lakemae ct aI., 20013 

Kitikoon et aI., 20 I 1 

" 

~~ 
Interspecies transmission;~,ll..:. 

" 
: . , 	

Occasionally, there were several reports on SIV infection in humans (Myers et JI., 2007; Myers et 

aI., 20lJ5). Myers et al. reviewed cases of SIV in humans from PubMed database in April 2005 and 

found 50 cases of apparently zoonotic SIV infection (Myers et aI., 2007). Similarly.in Thailand, 

evidence of interspecies transmission between pigs and humans demonstrated that SIV HI N 1 

pig-to-human transmission was found in a 4 year old boy in 2005 (Komadina et .11., 2007). Soon 

after the human pandemic HI N 1 2009 emerging in the United Stage in April 2009, the virus was 

found in pigs in the swine farms in many countries demonstrating the transmission from humans to 

pigs (Cutler et al., 2009). In Thailand, the pandemic HI N 1 2009 virus was also found in both 

human and pig populations (Sreta et aI., 2010). In addition, pig-to-human influenza transmission 

in the Thai swine farms was demonstrated that pig-exposure is one of the major risk factors since 

pig-exposed participants had significant higher percentages of SIV sero-positive number than that 

of non-pig-exposed group (odds ratio> 40, 95% confidence interval) (Kitikoon et aI., 201 1 b). In 

Asian countries including Thailand, pig production systems mostly are an open housing system of 

growing to finishing pigs practicing a continuous flow system which may increase a chance of 
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Table 2: Genetic characterization of SIVs isolated in Thailand from GcnBank database. 
Year PB2 Pili PA HA NP NA M NS 

e Isolation 

2000 swEU swEU swEU sw swEU swEU swEU swEU 

Swine 
HINI 

Pandemic 
HINI 

Swine 
HIN2 

Swinc 
H3N2 

Swine 
H3N2 

Swinc 
IBN2 

2005 

2004 
2005 
2006 
2009 
2010 

2009 
2010 
2011 

2005 

2004 
2005 

2003 
2004 
2005 

2004 
2007 

swEU swEU swEU sw 

Av I-Iu Av sw 

swEU swEU swEU sw 

swEU swEU swEU Ilu 
1970s 

swEU swEU swl; U 1fu 
1<)90s 

swEU swEU 

sw swEll 

swEU I/u 

swEU Ilu 

sw Ifu 

swEU swEU swEU Hu swEU lin 
1990s 

• or sw=swine origin, or swEU=swinc Eurasian lineage 

® or A v=avian origin, • or Hu=human origin 

swEU sw 

swEU sw 

swEll sw 

swEU sw 

swEll sw 

swl:U swEU 



)~; 

i ~ . .. . 

of humans, pigs, farm pets and other animals. Future investigation of specific risk 

pig-to-human influenza transmission or vice versa should be routinely performed. 

.. . 	 Diagnosis of SIV in Thailand 
'.. . ..~.. 
: + 
-0 " ' .; 

.. ' :~ 	 III general, SIV is genetically unstable known as antigenic drift and antigenic shift. Many 

sub-c lusters have arisen within the different HI N I and H3N2 SIV subtypes (Ma et aI., 20 I 0). In .. .....i§ 

.: , ~ 
' .;~ 	 Thailand, total 35 HA nucleotide sequences of both H I and H3 SIVs could be divided into five 

..~ 
clusters containing three of the H I viruses (H I cluster I, II and III) and two of the H3 viruses 

,i, 
.~ (H3 cluster I and II) (unpublished data) . The genetic characters tend to evolve gradually having 
/1 

separate line differing from its origin. Moreover, antigenic drift and reassortment patterns in 

Thailand are locally specific. Thus, molecular diagnosis should be concerned particularly when 

subtyping using specific primers. For serologic study, using virus antigen from' local SIV isolates . 

should be utilized in the established tests due to SIV antigenic variation. Based on a study of SIV 

antigenic properties at CU-EIDAs using hyper-immune rabbit sera, the results showed that Nsw/ 

Thailand/OElCB1/200El (HIN!) should be used as a reference HI antigen for swine HI virus 

antibody detection. For Thai swine H3 virus diagnosis, both Nswrrhailand/S 1/2005 (H3N2) and 

Nsw/Thailand /CU-PN5 .4/2D07 (H3N2) viruses must be included in the tests since both isolates 

did not have cross antibody reactivity. It should be noted that genetic characterization monitoring 

is necessary for HI assay evaluation since phenotypic characterization relates to the genetic and 

other factors. The results suggest that the SIV antigen used in the HI test should be genetically and 

serologically evaluated at least every two years. 

Conclusion . ".j~ 

........"
~" 

Swine production system in Thailand is different from the systems in North America and Europe. 

The production size in Thailand ranges from large industrialized to backyard farms with the 

increasing in numbers of intensive farming. Pig housing in Thailand also consists of both closed 

housing (evaporation cooling system) and open housing where natural air flow ventilates the units. 

From the SIV epidemiology, Thai swine H I viruses were rather stable and showed only a few 

nucleotide changes due to genetic drift different from what happening in the United State and 

European countries. It was not until late 2009, Thai SIVs have undergone increased genetic 

variation since the introduction of the triple reassorted internal gene (TRIG) cassette that could play 
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a major role in interspecies transmission. It should be noted that the pandemic H I Nt 

transmitted to the Thai pig population in late 2009, has been spreading and becoming .:>n."i.:>rn. 

many pig farms . Thus, moving the infected pig into the na ve swine population may cause . 

epizootic outbreak. In addition, SIV is a primary pathogen in porcine respiratorY disease complex 

(PRDC) that leads to economic loss. Supporting information, mainly positive SIV farms showed 

respiratory problems concurrently with the presence of other respiratory pathogens including PRRSV 

and PCV2. Therefore, prevention and control of SIV in swine herds is necessary, particularly in the 

PRDC-affected farms. 

Importantly, SIV is a public health concern since it has a zoonotic potential and influenza A virus 

can infect many animals including birds, horses and humans (Myers et aL, 2007; Myers et aL, 

JI ' ll:1 ~ ...- - 2005). In addition, pig-to-human influenza transmission in the Thai swine farms was demonstrated 

i (Kitikoon et aL, 20 II b; Komadina et aL, 2007). Also, swine-exposed populations serving as the 
'~.~ 
' ~.~-=~ frontline of contacting SIV, particularly in Thailand should be concerned since (I) swine influenza 

i 
vaccination is not performed on Thai swine farms; (2) clinical signs in pigs are hard to identify in ,~ 

'~.'~ 
SIV endemic farms which renders personal protection management difficulty; and (3) most pig 

, 
,~i _ handlers are uneducated migrant workers from neighboring countries. Therefore, continuous . • ._-w,t 

,,------ monitoring for SIV infection, education on self-protection and additional research aimed at 
4I _ 

characterizing specific risk factors unique to the populations are required to help implement
• " ' ~I 

-"""'- . 

future influenza control programs. In addition, persons who work with swine may play an 

j
] . 

, .... . - . ~ 	 important role as a mixing host, leading to reassortment and development of novel progeny strains 

with pandemic potential (Ma et aL, 2009). Moreover, people exposing to swine may be the first 

person becoming infected in the event of a novel virus and serving as a bridge for transmission of:j'" .: 

J 
~---

the virus to their communities. A policy of vaccinating swine workers annually with human 

; "--'-11.1. 
, ..	 influenza vaccine would decrease the risk of reassortment events. Persons who work with swine ....;...-. 

should be considered for sentinel influenza surveillance and may be an important group to include 

i :~.""!! in pandemic planning (Myers et aL, 2007; Myers et aL, 2000). ~
-

.~. - However, there are no specific treatments for SIV infection, prevention and control are of ~ ~...--~ 
importance (Dee, 2005). Treatments of clinically infected pigs include anti-inflammatory 

medicine to reduce the severity of affected pigs, antimicrobials to prevent secondary bacterial ., ....-···t~'~).~ '. infections and importantly, all good management strategies. Prevention is largely depending on 

biosecurity and avoiding the introduction of carrier animals (Poljak et aL, 2006). To introduceif~ 



swine influenza vaccine is commonly used to prevent the clinical diseases but not in 

iland due to limited information. Control program commonly depends on rigorous biosecurity 

and limiting Jnd avoiding the introduction of carrier animals . 
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2009 virus. SlY (HIN I) in Thoilund contains st.face proPandemic (1-11 N1) teins of infiueI1Z£l viruses from Nonn America ond Ewasi.:l, 
which are oJso found in pand'lttic (H I N 1)2009 ,"ru.,; SlY2009 Virus on (H INI) in Thailand conuuns imemal protein!' of VinlS(!S 
from Eumsj3~ Illld pMd~lrtic (H I NI) 2009 vil115es .:ontil.inCommercial ~:;wine 
llwine, hunlan, and aviilJl virus gl..!ne segments (5/) 

We report an oU[br~ak of infection with p\:l.fldenuc 
(Ill N'I) 2009 virus dlu1ng Nov.rnb.. 2009-Mnrch 201 0 on 

Donruethal Sreta, Siriporn Tantawet, II commercial pig funn in Thrulancl. The outbreak preslun· 
Suparlark N. Na Ayudhya, nbly result~d from huma.n·te>pig trDJtljmis~;on 1)(Ca1l1~ I of 

Aunyaratana ThontlravOng, the workers on this farm had inftl.)t:I"\1..a -likc:: clinico.l SignS ill 
Manoosak Wongphatcharachal. the· beginning of the outbreak. Infection in this workt'r W(IS 

JlradeJ Lapkuntod, Napawan BUnpapong, not confirmed because he quit his job on the farm after the 
Ranlda Tuanudom, Sanlpa SUradhat, star! of th, outbr,a}.; anel cOllld not be located 


Linda Vlmolket, yong Poovorawan, RoongroJe 

Thanawongnuwech, Alongkom Amonsln, The Study 


and Pravlna Kltlkoon In early November 2009, a smoll cornmercinl pig f:tmt 

in central Thailand reported re.piratory problem, in pig., 


A swl"" Inf~enza oulorea~ OCCUlTeo on a commercial (morbidity rete 5001D, monality rate to%) in nursery pigs.

pig farm In Thailand. OJlbreak InvestigaHon Indlcaled lI1at 

Farm, Th~:liland 

The farm conlained 3,235 pigs (700 sows, 35 boars, 1,000 
pigs were cc>lnfecleo with pandemic (H 1 N 1) 2009 virus aM piglelS, 1.000 nursery pigs, and 500 fillislung pigs) . .11 ha< a
seasonellnfluanza (H1Nl) viruses. No ",Idence of gene 

conventional open-h~ prodUction ~Y5tem in which bol"hreassortment or plg-tc>human transmission of pandemic 
sides of the unit have naullai air flow ventihltion. The fllnn(H 1 Nt) 2009_virus was 10und during the OUtbreak. 

I
also has continuous nursery herd ftow in which new pigs 
ore continuoll'liy addc:d when theyar, old enough. Tluii pro

n April 2009, a novel swine origin inftuenza A (HIN\) cess results in pigs of different a.ges being in the SOlme urUL 
virus, now referred 10 " pandemic (H I N I) 2009 virus, Sick pigs had clinical signs (fever, cough, nasal disch.1.rg~, 

erneIK~d in h\unM1s in Mexico and the United Stoles and edemalous eyelids, and conjun.ctiviti,) of infection. 
spread worldwide (I). In May 2009, pnndemic (HINI) Nasal swab, from 20 nur..ry pigs (4-9 weeks of age) 
2009 was confumed in 2 patients in Thoilond who }li1d Q wt:le submined to Chl~alongkc'm Uni\'ecsny Vt:tt'rinary 
history of travel to Mexico. Shoruy alb' emergence of Oiugnostic Laborntory. All .s<)Jn()le~ were PO!HtiV': for por· 
this virus, reports of tr8n''IlTussion from hl.unans to pigs on cine circovirus type 2 and porcillt: reproductive and respi
pig farm, were doclUTIenled (2,3). Hwnan.·lo·pig transmis· ralory syndrorne VlrllS (these viruses ore major causes of 
sion of this virus was reported in Thailand on December !owine respiratory diseaSe), and 2 ~amples were po:)itive for 
17,2009 (www.d1d.go.thldcontrollAlerVAhlnl /HINI%20 influenza A virus hy reverse trunscription-PCR (RT· PCR) 
update22_12_2009.pd!). Pigs showed mild '""Piratory wirh primers for each s~cific IXII.hogc:n (8- 10). 
siglLo;;; only 1 pandemic (I-HN') 2009 virus Wil.!l isolat r::d Bccaust rc:splratory problern.s in nurs~lY pigs connn· 
from 80 nasal swab specim~ru. ueel, nA~al swDbs specimens frolll 20 nursc:ry pigs and fin· 

Swine inftllenz~' virus (SlY) was reponed in Thf\iland ishing pig', gillS (young females), and sows (I 0 per group) 
in 1981 (4) . All 3 subtypes (HINI, H3N2, and BIN2) of with clinical signs were submined to the ruagnostic 10.00
Oli, vin" ore circlll,ting in Thailand (,S). A recent palhogen· ralory by the end of Dec,mb.,· 2009. Two ,umpl., fi'om 
e,is 'tudy demonsn~led thai subtype HI N I induces typicw musery ptgs were positiv. for inlluenza virus A (B I N I) by 
SlY-like il1nes~ and slightly more sevc:r, f705S lesions than multiplex RT·PCR (II) . Both samples W,," suhjeCied 10 
illn«s induced by subtyp< H3N2 (6). Genetic dJI' indicale virus isolation in MDCK cells C/2) and de,ign,1ted RA20 
thai SIV (H I N I) inTI13i1and difTe" from pandemic(H I N I) anel RA29 (fllblt I). Gcnoln~ dl."lfIlCreri7.B.tion Idt:J1tific:d 

RA20 .s SIV and RA29 as pnn·:lemic (HINI) 2009 vim, 
Author affUlations : Cl'lulalongkom Uh,verslry. Bangkok . Thailand (T<lblc: 2: Figurc:). SIV-lX')lriw n~sil.l swalJs obrainc:d in 
(0 . Srela, S.N. N. Ayudnya. A. Thonliravong. M. Wongpl'lalch~ra November were then ch.1.racteriud. Results sJlOw~d thaI 
cha i. J . lapkunlod. N SunpJpong. R TuanudlJm. S. SIJradhll , l. isolates: R.'\4 a.nd R.A9 were pandemic (H I N1) 2009 vir~) 
Vimolkel. Y. poovorawan . R. Tnanawongnuwecl'l . A. Amonsin. P. which inelicllted lh.ar pIgs on tht: fa.nu wcr~ illkct~d \vllh 
l<.ilikOon): and Matlldol Unl"e~lry. Nakl'lon Pathom . Thailand (S. lhis Vlm~ 
Tanlawel) Pa..ndem.ic (H I N I) 2009 i n\fe~tigillJ()lb l'fl the farm 

indllded diJ\ic~1 sllIveilllllcc and s.unpic: coJl~dion frolll001: 10 . 3101l.ldI610.10066~ 
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DISPATCHES 

Table ~ . rnfluen;:. (M1N1) lliruset sludied. Thailand' 
Study ---GenBan" accession no 

Influenza (H lNl ) virus I,olate Collection date Idenlificatlon deslgna~on (gene segment 1-8) 
AJswfTnailanOlC-U-RA41200-9------200i"NOv"e----Pandemk (H 1N"1)2000---- -RA·i---- ·-CY06230S-C-Y0623·i2

AJriwfThiililancilCU-RASn009 200S NOli 6 Pandemic (H 1 N1) 2009 RAg CY062321-CYOe2328 
NswfftuilandlCU·RA1012009 2009 Dec 26 Tha i SIV RA20 CV062281 -CV062288 
AJswfThalland/CU_RA2912009 2009 Oec 26 Pandemic (H1Nf}2009 RA29 CY062297-CY062304 
AJsv.fThalianCIfCU_RA 1141201 0 2010 Jan 17 Pandemic (HI N 1 )2009 RA 114 CYOS226~-CY062272 
Alswrrnalla nd/CU-RA204/2010 2010 Jan 17 Thai SIV RA204 CY062289-CY062296 
AJriwlThaliandlCU·RA 1 snOl0 2010 Jan 30 PandemIc (Hl Nl ) 2009 RA 15 CY062273-CY062280 
AJawfThlllancLICU_RA75120'O 2010 Jan 30 Plndemlc (H1 Nl) 2009 RAT5 CY06231 3-CYOe2320 
'~~t'lJs. - - 

sick and contact pigs and clo!)e monitoring of s'Nine work pigs, no pig! showed respiratory !iigns anel :\01 llaS[11 swub 
ers and hum pets for in11:uenza-likt: illness. Nasal swab specirnem w~re n'gilllve tor mtIUl.:n7il VIl11S. 
specimens were obtained from pigs on January 17, 2010, Gene 5eqllencc:~ were comp:1reel for corrc:sponel
January 30, 2010, .nd March 9, 2010. Becaus. initiw ing genc:s of other inftuenzft virus ~tT.uns oblained fwm 
l.bornlOty finding' indicated 01!t1 Ihe outbreak invol ved G.nBank by using the MegAlign program (DNASTAR, 
the nursery herd. weaned pigs were moved to J separate Madison, WI. USA). Phylogenetic Ireel were construCI' 
~ile on the farm 10 control di,ease in the nursery pigs. Fol· ed by ,",ing MEGA4 (www.megasoftware.nelf) and lite 
lowing Food and Agriculture Organization (www.fao .org) neighbor-joining methoel with 1,000 bootstrap rl!plic;ues. 
sample collection recommendations, we oblained 20 n&.sru Whole g~nome annlysl.s showed that contempor':IlY SlY 
swabs from pIgs with SIV·like illness In addition, nasal (HI NI) und pand<mic (H I NI) 2009 virlls were conCl.· 
swab specimens (n JO per group) were collected from remly circulating in the nursery h~rel (Table: 2; Figwe). El:: 

gills, ,ows, and finishing pigs 10 I." for pandemic (H I N I) On the basis of virus hem<lgglutinin I gel1(: grouping 
2009 virus, .1hhough no clinicw signs w~re observc:eI in (14), OlU findings show Ihnt newly isol'led SIV (HINI) 
any pigs from these D~C groups. All SIY-po.llitive samples from Thailruld are groupc:eI in the classical s\\'in~ clusrer 
....verc: sUbjectc:d to virus isolanon (12), virus subtj'1'ing by with other SI V (H I N I) isolate, (online Appendix Figl.e, 
multiplex RT·PCR (11), .nd whole genome ,equenoing v.ww .cclc.gov/EID/conlenlftoll 0/15g7·n~pF . hll\\). The" 
o[suhrypc HINI viru,es (13). Of 175 samples obllined WDS no ~VJcience of gen~ rt!ossorUTIent bl!lWcen SIV 
during Deceml"'l 26. 2009-·Mnrch 9, 2010, filleen swab (HINI) and pandemic (H INI)2009 viro, c1luing Ihe in· 
spe~i mens !JOITI nlU"Sery pigs \vith clinical sigllS we!"' posi V.stigRlIon (T,ble 2). 
~ve for influe= (HI NI) 2009 virus; 8 viruses w.re dtar· To test for ~viel(!nce of p;mdelnlC (H I N I) 2009 vinls 
acteriud. No other SlY subtypes were fOlUld. On March imerspeClt:s transmission, we obtiuned serWll s:!.mple~ on 
9,.:r 1 month after implementing tll~ chnnge in hancUing. of Janu3fy 17, 20 I0, flOm 40 piSS in 8 .ge group' (S/grouP), 

Table 2. Gene Origin iJnd percent homolo9Y.~RNA segmenlS compared wlrh pandemIC (H1N 1) 2009 lllruS. Thaillnd' 
PB2 PA NA M HA NS NP P61 

Innuenza (H1Nl)IIirus (1-1229)t (1-2ISm (1-1347)1 (1-9Bl)t (I-169~27!)L-l.I~.LJ!cll~~L 
P,ndemlc (HIN1) 2009. AvIan TRIG Eurasian SVrtna Cluslcal rMne Human TRIG 
SI V from Thailand§ 
RA4 

Eurislan ,wIne 
A~i'n TRIO EUfl.lan tI-Moe 

Clnlica-,SWiMe----EU"ri'ii'ln-~M-·~

-  ----Cilnlcal 'oMn-;---~man TRIG
~A9 AV'ln T"'10 Euru'.n .wlne Cln.lclll>Mne Human TRIG 
RA2~ Eurnlln SVilne CluslCllswlne Eurlll.n ,-Mne 

e3.1"~ 85.1% 69 .5".A:> 94 .2°~ 86 .4% 90 .8%, 82.4% 85.f% 
RA29--·--------.A:;1iMrRiG- EUl"3slan S'Mne -------Ciffil(aJS~----------;:j"UmanTRIG 

RA~-·---- A....lan TRIG Eura"an t"WIne- Cla.ssical ~....Ane Human TRIG 
RA204~ Eurasian swine Clnsleal swine Eurasian s......ne 

83.2% 85.2% 89.5% 94 :(% 86.8% 90.8% 82.3°"" 8~ 1%
·RA15---------------.A"Vi;;TRtC------ Eura$lan SVr1ne · -------ciiss;e~---Human TRIG~· 

RA7S--------~ Avi an TRIG Evrasian swine ----~~-----H\UTii~ 

·...n sWine Inl\.Jen:, 'il1\l$ (SI\') 110111118' ne.pl RA10 Ind RA204 I'lIII' "99% nomology wtln corr ••paneling gen.1 or ~onmltlI.l"Vl02l2009. P8. 

pOl)metlu B. P .... pol)'l'ner.l.... ; NA. nll...mll'll(ll": M. malrll; I-\A. htmaggl1A1nll'l ;NS. roonslru,llul: NP. nuclloprollln: TRJG . ItIJl" ""u~ld 

Inll1mll gen • . 

tNucl.olld. pCIIIII~, ccmp••d. 

t,A.-Nonln.tlurV"I02/2009 (H1N1) """I. 

§AllwJR,e\'l'IlItlr.m..,... ... H148112000 (H1N1) Vlru. 

l1P." .... homolOgy Dr comp.,.~ ••qu.",•• '0'411'1 Inot. or cCI"f.spondlni i.nll or ~D...n.t"••I"02l2009. 
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Figure . Percentage of pig_ 't'Ath 'nllbodl" againsl pandemic 
(H1N1) 2009 vlrlJl and swine Intfuenza virus (H1Nl) de!'cled 
by l'Iemlgglullnallon-lnl'llbltlon 1'51 , by pig type. Thailand. Serum 
samples: wtre obtained from pigs of d"lfTerent agestn January 201 0 
S3mples 'MIre p01Ulv e when I~er W81 ~40 . 

15 workers, Dnd 4 farm pels (3 dog' IlIld I CDt), SAmpl.. 
were subjected to hemagglutinotion-inhibition (Hf) test
ing with SlY (HINI) and pandemic (HINI) 2009 virus 
an~gen' (12), 

Conn-ol .-.bbit antibodie, 'g,inst SlY (HINI) viruses 
did not erO"'''act with pandemic (HI N I) 2009 viru,_ Se· 
rologic re,u1t.. showed tNt only 2 (9_5%) of21 t ••t samples 
ftom the nu"ety group hnd po,itive HI tilers for pandemic 
(HINI) 2009 vin~ ,nd 8 (38%) of21 hod positive HI ti· 
ten for SlY (HINI) virus. For pigs in other oge grollps, 
II (55%) of20 had antibodies ngainst plllldemic (HINI) 
2009 viru, Rnd 14 (70%) of 20 had ontibodi.. against SlY 
(H I N I) by HI te,t No h,unan cn,e, of co·mfection w"e 
observed, We found no evidence of pondemic (HINI) 
2009 virus imerspecies transmission from pigs to hllm.lJ13 
or to farm pels. 

Conclusions 
Cort,i'tellt with findings of previolL' reports (2,3), 

ow findings d~monstrate (hat young pigs aft!' susc~prjLle 
10 infection with pandemic (HINt) 2009 viru.'!I Infection 
in pigs substantiales the hypothe<is that the clirucn] otn· 
com. callsed by infection Wlth pandemic (HINI) 20W vi· 
rllS dJITers from that of infection with SIV (H IN I), willch 
clUTcntJy cil"l.:ldate~ in pigs in ThaIland. Serologic: rc:-"ul\!I 
demonstrated l.t"uJt uninfr:cl~d populc1tion:; arc: !"ItlSCC:I)tiblt!' to 
infection wiUI pandemic (Ii I N I) 2009 VIM. Result, of ge
nom~ 111laJysis (lid nOI show gel)~ n!o!>Sl)nJIlc:nt l~C:[\'Ic:t!'n lh: 
2 difftrt!'nt inth\ef\2:c1 (HINt) viruses Howc\'c.'c, Q pft!'VIOU~ 

r~port showed uuu reRssOltmem of inftu~nzll. virus B~n~!. 
occurs in pigs Uo5) . Continued monitoring, chaI3cterization 
of 51 Vs, and 5t.:rologic sUI'veill:Ulct!' of pIgS :-Ire necessary 
(or furur< intlu~n7.a p:l.Jld!!mic fJh:pll!~cl.nes:; 
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ARTICLE INFO ABSTRACT 

Arriclt hilcory: We InvesugJetd in tlut'rlz~ ImcrspeClej rriln ~mlss'on 111 two cornrncrci.l1 swine (Jllll5 in 
Recei ... ed 14 June 2010 Th.1l1oi1nd. Ser~ fro nt swine -ex posed worlttrs (n -78). ilge-m,)(cht.d non-swlne·exposed 
R,cd... oo In revlu'd torm U Stpltm~r 2010 healthy people (n-60) ~nd swine populiltlons In both fanns (n-S5) were slu(U~d . 

Accepted 2\ Srptember 2010 Hemoilgglutillatlon-Inhlb lrlon (HI) .us"y was perfonn~d on rha l swine HI vIruses 
(swHINI and swHIN2) isoJ':Hed from both farms. Thai humiln HINI (huH1Nl) anct 

Ktywords: pandemic HI Nl 2009 (pHI NI) were also used olS test amlgens. The h~mGgglutlnlll (HA) I 
Influenza aenu of swHINt .and swHIN2 vlnlses wel"t setluenced and shown to be w,enetlcCllll'
Interspecll!5 translnls,lon dlHInct (rom the Thai huH1NI Jnd pH1N I viruses. Evidence of plg-to-human Innuenzc1 
Hcmagglutln.atlon Inhibition virus rransmlsslon w~s found 1M farm workers with Increased odds of elevated amlbody Antibody 

titt<' to both ,wHINI (OR42.63. 95% CI. 14.65-1 24) and ,wHI N2 (OR 58. 95% CI . 13.12
256.3) viruses. Noevldence of human-to-pi g Intluenza virus tral1smlssion was detected In 
this study. 

02010 EI5evier BY All righ ts reserved. 

1. Introduction 

OCQslonally, swim~ Innuenzoil virus (SIV) tr.lnsml5slon [0 

humans, and vice versCl, has ueell documented (Karasin 
el ,1..2006: Katslld"1 al.. 1995). Pr.viou,ly docum.nt.d 
SIV-illfec[C~d human caSes were nonfatal ilnd humiln.o[o
human transmissIon WIlS rare (Myers et al.. 2007 ~ In 
addition. a large number of cases involved swine fanners, 
p~ople who lived on swine farms or were in close conCaer 
with pigs. A[ pres~nt rhl'f'e SIV suurypes. H IN 1. HI N2 and 
H3N2 art" commonly round in swine throughout che world 
(Ea'lerd,y 'nd Van Reeth . 1999). Th. firsl subtype isolated 
waS n.amed "classic.al·sVw'lne" innuenz.a virus ;)s all eight 

, Correspond1n!; author al: P.1cu1ty ofvetcr1nJry Sc,ence ind [n,erg!ng 
and Re·emcrglng Inrectlou _~ Disuse In Anlmal5. Rest.rrh Unl! (CU[IOAs). 
Chul.1ongkorn Unl ... erslty. Henti.Ounolnl Rd., Pnnumwan. 8Jna:kok 
10330. ThJII.md Tel: .. 660 22 18 9615: fJ x: ..6602252 0779. 

[-mall addrtu: rocm1l'roJc t~hul.:u,c [I, (s j Th.n.wongnuwpch). 

0378-1135/J - see rronl mailer otl 2010 Elsey ler B.V. AI1 rlgtHs ~served. 
do l: 10 1016/j .... Ptmic.2010 09.1)19 

gene segments Were of swine origin. Class ical svvine H1Nl 
(dIlNl ) was known oilS the dominant virus In North 
American swine popuJ;][Jons for over GO years (EoiIsrerc.lay 
and Va.n Reeth. 1999). Recem doilta indkatt'd th:ar the HAl 
genes of classical-swine SUbtypes could now be 2rouVCd 
Into thrte separJte clust~rs . swine HI-alpha (swHla ). 
swine H1-beta (swH1j3) .nd swi ne H ·I ·~'mma (,wHl-y) 
(Vinctnt.t al.. 2009). The HA 1 gene o( swH1'1 Is known" 
the progonitor oCtIle pandemic H1 N 1 2009(pHl Nl) virus., 
(Kingsfold et al.. 2009). In cOnlrast. f.11Nl virus oliginally 
jlHroduct:d imo (hI: t:uropean pig popula tion Is often 
referred to as "avian-like" virus since it comalns enelrt' 
.avian gel1es that .He gen~tlcJlly disrinct from cht' cHl Nl 
viruses. Currently. European H1NJ isol.les contain.n HAl 
segm~llt (rom both human and ;JVlan lineages while th~ 
remaining gene segments are still ofavl.m origin (Zell et .ill., 

2008). Tilai H'INI SIV cont.in, surratt HAl 'nd NAI 
antigens from the Norrh American (classical swine)- and 
Eurasian (aviall-like)- swirle lin~a£ e s , rt"speCli vt'ly (Srt"ta 

http:ThJII.md
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et al" 2009; Takemae et JI.. 2008). Notably. this feature is 
uniquely shared among the pHl N1 viruses thar emerged in 
early 2009 (Kingsford et aL. 2009). 

Swine production system in Thailand is ditTetent (rom 
the systems In North America and Europe. The pl'oduaion 
size In Thailand ranges (rom large Industrialized (arms 
(>1000 pigs) to backyard farms (<50 pigs). Pig housing in 
Thailand also consists of both closed housing or ev~pora[ion 
cooling system and open hOllsing where natural air now 
ventilates the units. Normally, Tholl sw1ne (arm OWners and 
farm workers including their spouses and children live on 
the (,urn. Such an environment provides an excellent 
humOin-anlmal Interface (or inflllenzJ virus cross-spedes 
transmission, The aim of [his study was to Inv~stlg.ue the 
sereloaleal evidence of Innuenza virus Interspecles tram:
ml~slon among Thai swine workers and pigs on the farm. 
Tests for hemaggl~llln.1tion-jnhibicion (HI) antibodies 
against the Thai swine H1N1 viruses (swH1 Nl alld swH 1N2) 
Isolated from both fanns amlrhe represenrative Thai human 
H1Nl (huH1N1) .Ild pH1N1 were performed on bo,h 
human and swine populatlolls. To evaluate th~ genetic 
diversity of the viruses utill7.ed as HI rest antIgen. the HAl 
genes of swH1Nl and swH1N2 viruses were sequenced 
followed by phylogene,lc allalysis addillg huHl N1, pH 1N1 
and other reference Hl Innuel1za viruses from CenBank, 

2. M"terlals and methods 

2.1. Srudy populaHon 

2.1.1. Human popularion 
From 2008 to early 2009, sera frol11 78 swine~xposed 

participants were collected from cwo Jarae .scale commer
cial fiilrms In the centr.1l-eastern region of Thailand. 
Subject! were farm owners (n· 2). pig handler's (II- 52), 
veterinarians (n. 8). farm cleaners (n - 8) and people 
working in the f.rm office (n· 8) with their age ranging 
from 18 to 59 ye.rs (50% males and 50% fem.les~ Sixty 
negative control sl1bjects with no history of swine 
exposure (verified by personal Interview) were voluntarily 
recruited from the Blood centre and hospital in the central
eastern region of Thailand. The non-swine-exposed concrol 
sera were obtained from 50% males and 50% females with 
their age ranging from 19 to 60 years. During the time of 
investigation all subject.! were healthy with no inOuenza
like Illness. The study had been approved by 'he 
Inscitutlonal review board (1 37/2007recordlI400I49). 

2.1.2. Swine populorion 
Eigh[y~five pig serum samples were collected from 

fJrrns A and D. 46 and 39 samples, respectively. BQth farms 
maintained iiln open hou~lni system. Swine serum was 
randomly sampled crolS-sectlonally from dlfftrem age 
,roups Includlnllillts, .ow" weanil1g and srowing pigs. 

2.2. Influenza viruses/or hernagglurinarfon-inhiblrion (HI) cest 

Influenza viruses used as HI [est antigens included two 
swine and human InfluellZd viruses each. The swine 
viruses. H1Nl (A/SwinefThail.ndICU-CB1106; ,wH1N1) 
and HI N2 (A/Swille/Th.iland/CU-CHK4/09; ,wH lN2) 

were isolaced from the lungs of pigs during an ourbreak 
of widesprt.'Jd illness among nurs'!/,y pigs rtom farm A and 
B, respec[ively. Both isolates wete propagated in MOCK 
cells as described previously (KII;ikoon et al .. 2006). The 
human viruses, Thai seasonal HI Nl (A{ThailandjCU41/06; 
huHIN11 and pandemic H1Nl 2009 (A/Non,haburl/l021 
09; pHl Nl) .•ccession numbers ElJ021246 and CQIS0342. 
respectively were kindly provid~(1 by Proressor Y. Poovor
awan (Chulalongkorn University. Th.lland). 

2.1 Hemag.glun'notioIHIl",bicion (HI) ce,H 

Swine and human serum samples were pretreated \-Vith 
20% kaolin and re",p[or-descroylnli enzyme (Denka Sellten 
Co" ltd" Tokyo, Japan) Jnd Influenza-specific Jnribody 
detection was performed with a standard HI assay (Yoon 
et a/.. 2004). Serum-ollly controls Jiang with positive and 
negative senlm controls ((rom Innuenza A seroneg.Hivt' 
rabbi[S hyperimmunized wit!l swH1N1. swHIN2 and 
pH1N1 HI [est antigens) were Included with each set of 
samples tested. HI aSSJY5 on swHl Nl ,swHl N2 and huHl Nl 
viruses were performed using 0.5% chicken ROC in 
phosphate bulTered salin. (PDS). Assays on pH1Nl virus 
were performod with 0.5% turkey ROC in PBS. SJ/11ples wl,h 
HI rirers ~ 40 were considered positive evidence to previous 
exposure (Olsen e, al" 2002). 

2.4. HA 1gerle analysis of (tie Thai swirle HI viruses 

Viral RNA was extracted froen swH1Nl and swH1N2 
using [he NucleoSpin Extract ViroJ! RNA Kit (Ma(;ht!rey
Nagel. DOren, Germany),nd cDNA, were synthesized usln~ 
universal prlmer( Unl12 primer 5'-ACCAAAACCAGC-3') and 
Omniscrip' RT kit (Qlagen, USA) followed by hem.ggl,uinin 
(HA) gene amplification as described previously (Hon'm,nn 
et al.. 2001). Complete HA gene sequencing was carried out 
by 1St BASE Company and analYlfd by Bioedi' Sequence 
Alignment Editor V.7.0.5.3. SeqLlences were submitted to 

Cenbank laccession numbers. GU454848 (swHl Nl) and 
CU454849 (swH1N2)1. The phylogenetic cree was con
structed using MEGA4 with neighborejoinlng method and 
1000 bootstrap replicates (Saitou and Nei. 19B7). 

2.5. Sratistical analysis 

The differences between each il'oup'sHI ¥eometrlc me;]n 
titers were measured using WiJcoxon/Kr\.lSkal-WaJlis [est 
or Rank sum ,est UMP 5.1 Softwa,,·. SAS Institu,e,CaIY, NC). 
HI test results were also evaluated as dichotomous <lUte 

comes with HI titers? 40 considered to be previoLlsly 
exposed to virus antigen. The assodatlon o( occuparlonJI 
risks was chen examined (or scatisrlcaJ significance by Chi
square or two-sided Fisher's e"".ct analyses. Analysis was 
performed using Open Source Eplctemiologic Statisrics for 
Public Health. Version 2.3 (Dean et 01.,2009). 

3. Results 

J.1. /njlueru{1 virus anr(bodies III IIUrllWl popuiariull 

Fifty ,lOd 92% of swint'-expos(~d workers from farlll A 
and O. respectively had developed amilJodies against Ihe 

P. KIC/koon rt a/./VtwinQI')' Mll'robiology 148 (2011) ';1)-418 

Tablr 1 
He-manlmln.Hion-/nhibHion ticers and percent.age or seropO!ltlye serum umple:s frorn f;Jrm .and conlt01 humJns .ag.air.ls[ the Th.al swine Jnd human 
InnUcn2,J Ylruses Jnd pandemic U1NI 2009 virus. 

Ten ,Jntlgells F.,lfmA (n .. 28) Farm D(,,-SO i COlltr"] pJrllcip.lnu 

-------- (n .. 60 ) 

HI Uter • (n) HI litl't .\ ('1) Hll1tr..:r '\ (tI) 

~wH1Nl ,c/' 50 (14) IGIf 96 (4B) 'rO' 5 P) 
~wHlf\!2 

lLulllNl 
zo' 
10 

21.4 (6) 
143 (4) 

.If 92 (46 ) 
ZO 42 (21) 

10' 33 ('J 
1.7 (J J 

pHINI 10 0(0) 10 a to) 0(0) 

MeJn titers with dlffertnl tJtPQnentliJ lenet'1 wllhln. row art suthUully slj:nlflc.anl (p::. 0.0001) Hlllttr ~ 40 oIre (on1ldtred seroposirve Jnd IndlcJI~ 
prevloLtS tllrectlon swH JNI" A/Swrrh.allolnd/CU-CB1/OG (HI Nl) iwJolttd rrum pIgs In (.ann A. swH' 1"12" A/Sw{fh,)lland/CU·.(HK4/09 l H 1N2J Isol .l ted lrulll 
pigs in f':Hm 8. huHINl • t\mull~nd'CU41/06 (BINI) pH INI .. A/Nontholburl/l02/09 t H 1NI ) 

SIV isolate circulating on the corresponding farm (TJble 1). 
The: SIV antibody positive parricipJn[s included 2 (arm 
owners (2/2, 100%), 46 pig handlers (46152. 88.5%), 4 
veterinarians (4/8. 50%), 5 farm cleaners (5/8. 62.5%) and 2 
people working In the farm office (2/8. 25%). The 
participants rrom farms A anct n seropositive to Thai 
huHl Nl anlounred to 14.3 and 42%. respectively. However, 
nOlle were seropositive to pH1Nl. The difference in 
numbers or antibody positive samples between [he (arm 
workers and non-exposed controls was statistically sig
nifican' (p < 0.001). When compared to the non-exposed 
comrol subjects, swine·exposed panicipants had 
increased odds of elevated antibody levels to SIV IswHl Nl 
odds ratio (OR) 42.63,95% confidence Incerval (CI). 14.65
124 and swH1N2 OR 58, 95% CI13.12-256,31, 

3.2. Influenza virus ann'bodies in .rwlne population 

Overall, pigs from all age groups from botl1 farms were 
found seropositive [Q both swHINl and swH1N2 viruses 
except for gilts 011 farm D proving seronegative to swHl N1 
virus (dm not shown). No huH1N1- or pHl NI-speclfic HI 
antibodies were derected in the studied pig population. 

T~blt 2 

3.J. HA 1 sequence analysis of nlai' swill!! H'I viruses 

Phylogenetic analysis based on {h~ HA gelles ofswiue 
H1 viruses revealed that the I.th'uses grouped 111 the 
cI\lsslcal swine lineas:e cluster !;wHlo: as (wo s~para[~ 
clades (cI.ssical swino J (CI.) and Clb) (Table 2 and 
Fig. I). Data indicated [h.t swHrN1 and swH1N2 
differed by Jess than 3.2% and '1.2% from the rep"..n
carive serain of Clb and Cl., respectively (Taule 2). 
Generic analysis has shown {h~lt {he HAl genes of all 
Thai H 1 Nl human innuenza vhfUses isolate:d prior ro 
2009 (with 'he excep,lon of A(Th.iIJndf271105 (H1N1)) 
have HAgenes or human origin iiIInct are distinct from the 
TIlai swine Hl viruses (less than 80% similarity). The HA 
Iiene of huHl Nl dlffe,.d by Ie" ,han l.J% at the 
l1ucl~otide level when comp.ued to other Thai hurnall 
H1Nl (Isolated durin~ 2006-21l0B) and hllman H1N1 
strains Incorpora[~d Imo th~ human illn11en za vaccines 
during 2007-2009 (Table 2). These Thai season.1 human 
H1Nl isolate5 shared 98.9% ;]011110 .acid homology of [he 
HA protein indicating antigen ~;imilariry between sei{
sonal human HINt viruses Isolatecl in Thailand during 
2006-2008 (datJ no' shown). 

Percenl hOmtlooJ)' or theHA ,enes of IwH 1 N2 . swH 1 Nl. huH1Nl .and pH1Nl compneo to rertrence swint .. nd humJn H 1 vlruSti .1 ..... II ,'010 .. t Ii'll' GenS~nk 
d.al.atlHe. 

SpecIE'S of origin (c!usttr) Str~Jn Deslgn;ulon ., llucltoUde Mmology 

swH1N2 5WH1NI !mH1Nl 

Swine {5wtllu) A/Sw/Thil iJ~nd/C U-CHKAf09( H 1 N2 ) swH1N2 100.0 8~. 8 71.1 
A/Sw/Th.all~nd/CU.CBIf06 (HINI) sW~lHlJl 85.8 100.0 n.s 
A/SW/Ritch.a burliNIAH t48 '/00{ H 1 N 1) JwR.1tC,JO' 96.' 86.2 72.0 
Alsw/CllonburI/NIAH~ag/OS(H 1 N 1) swCl'ton" ao.!! gS.B 72 .2 

Swlnl! (swHI"'!') A/5w/lndl~nol/P1243",00( H 1 1'12 ) ,wINO!1 .79 86 I 6g.7 

A/Nanth"buri/I 02/09(U 1 N') pHINI 8S.S 834 69.6 
Arrh.al101ndICU·BS/09(H I Nt) pHINI 115 .6 83 .4 69.3 

Thill Arrh.. I'.and/CU41/06i.HIN1} huH1Nl 71.1 72.5 100.0 
Hum.an A{Th.all.ano/500/07(H1Nl) tluH1NI/07 79.2 77.7 96.7 
SeJson.1J A{fh.alJ~nd/669J08(H 1 I'll) huH INlf08 78.4 777 97.3 
Human A/ New CJIf!donl~f20/99(H! N') V.1cc'n~ 2007 1].3 141 91.5 
HINI A{So.Iomon Jsl.anrlsj3/09.H 11'11 J VJccint 2008 
V.,U'C'ine A/H nSbolne(59(07(H1N 1) VJccln'! 2009 

696 71.4 
72. 73 .2 

99 ! 
97.9 

;, Represtntalive- slt.aln orTllJi5Wlnt HI Clo15S1cJI 5will~ a{O.a) (TJlcem')E' er al..2oo8). 
" J{i' vre5enl~[I"'c stuhl of IIlal swine HI cl.uskJI swln~ b (Clb) (Tak~mJe ~I .11.. 200S). 
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rn~~:':r"a;"~09·~;~1; GO;&;~; . .. . ~ ., '. 
1- huOuiil.oI'l(] I09(H 1Nl) G08G69Jl) 

fr= 
I'Iu JhJd.!lnCIJ091H1NI) G08G6951 ~ 

100 I'IvNO,'~h 'b l".'J IO~ (H1N l) G Q17!19 JJ pH1Nl ~ 
fluMIt.tCOfO!)~HIN1) (;0 160538 SwH1't4_ 1(Xl .. ~~,~~r~n.ll~.o:r~.'~~).~~ ~,1:r:-..4,. •• • ~ .. : 

'f\'INIoo(H1N2J AF' 455QeO 

70 1 • $w()HI01 (HIN2) AF~55875 

~ !'lVIV{\l (H IN2) AF-i55e81~u s: ...MNiOI(H1Nlj AY060047 

......MN'9S(HIN1) EU I J9817 

'"MNJOO(HIN1) AF 45~78 Classical 
, ..lAIC 1 (H 1Nt) AF ~ ~~e79 SWH1fi 

S'f'lAlO5{1-IIN1) 00889589 Swine'" 100 l.. IwIAr04(1"41Nl) EU1 39BJ2 

'.~,::~::.;~::~') AB'~'" } Thai 3wH1 
---- ....A.ltl'l,ouri/0 3(H1Nl) A84)4296 

-- 1... r-.'E192(,H1N', 1.09063 

IwI.OJ7 3(H1NII EU139S2& 
SwH1(1

•w$"'bv,!tO~(H1N'J eU2OeM7 } 

100 I IwChonI)!JN05(HI N1) A64J4l20 

I .....CI'IQ(t\ceI"lIlUOI05(HIN1 ) ,AB4)4ne Thai 8wH1 
100 r ,wThlilland.'(]S(l-I1Nl) F..E.8B2eO 

5...,111N' .... 

bLI ~wCl'lOn:lI.ffi/04(H1 NI) AS·14l12 

100 IM.ITn.,I,'IOIO,<HINI) EF101749 -' 
~ltThG,'..n(1lD6(MIN1J EU0212e. 

l'luTe:o:uI07(H1Nl) cyo282,9 

\II - • ...,MNI07{H1NI) F.! 116911 (un 
·,tll:No..., CIlI&UOrllaf99{H1N 1) AJ34I<40 14iL ____.________~ - nl.ll./o111 '(otIv'03IH1N2) CY002M8 Human 
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ttpftstnl~tlve hllm~n.l[kt virus Isol~ltd In 2007 rrom pigs In North Af1'Ierlc. dut .ro u~d with $wH 18 (hum~"·lIkt HI). ISol~tes In the dOlt~(I squ~re uox 
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4 . 	Discuss ion viruses and Thai huHIN1 and vacH1N\ viruses suggests 
th.at Thal swine-exposed workers might not have been 

Previolls generic an~lysis of Thai swine H1 viruses prOlectecl Jgainst the ThiJi swine Hl viru ses even if they 
(s\lbrypes. Hl Nt and 1-I"lN2) has demonslrated that Thai hOld b~en vaccinated with the previously availabh.> humJn 
HA 1 gene, i,olaled in the cour,e or 2000-2005 were influenlJ vaccines. To date. the pH 1 Nl strain has been 
derived from the North AmeriGIn cJa ssicJI~swlne lineage includ~d inro the 2010 human influenza vaccincs . How 
ilild are separated illlo 2 subclusrers (Cia and Clb ) ever. cross-protection provided by rhe vaccine [Q rhe 
(TJkemao et JI., 2008). The HAl gene, o([he Thai ,wine contemporary ThJi swine 141 Yirus~s requires fUHller 
i11 viruses isolated in 2006 and 2009 were l.. rg~ly illvest;g;nion . Swine-exposed populJrions as the fromlillc 
homologous ro [he previous Thai swine HI viruses. In of contr')Cling SIV, pankulJrly in ThJiland should be 
addition. recent isola[~s. swHl N2 and swHl Nl were concerned since ( 1) swine influenza vaccination is not 
placed into 2 separate sUbclustersCla ind Clb. respectively. performed on Th~i swine farms; (2) Clinical signs In pigs 
simililr [0 older Isoliltes from the same provinces (Takemae are hard to identify on endemic (arms which rencil'rs 
"I al., 200B). Phylo~ene!icJlly, bo!h old and new Th.i personal protection mallJgem~nt diflicult; and (3 ) 11\0))t 
swine HI viruses were genetically distinct from the Tholl pig hJndlers ar~ uneducated migrant workers (rom 
seasonJI humJn H1Nl (huH1Nl) viru,e, (2006-2008), neighboring countries. Therefore. continuous monitoring 
human Hl Nl vaccine strains (vacH1Nl) included inro [he (or SIV infection. edUGHion on self-proter.:t ion and ~~dc1i
2007-2009 human inOuenza vJccines and pH IN I viruses. tional research aimed at cha racterizing speCific rIsk (ac(ors 
The Thai huH 1 Nl vlruse" however, grouped with A(Swine( unique to the populations are requi rt.'d [0 help implem~nt 
Minnesot,a/07002083/07 virus which WJS isolated from (uture illnuenzJ comrol proirams. 
pi¥s In North America Jlld previously grouped with a new 
cluster. 5wH15 consisting of HAl genes or human origin 
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