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March,2011 

Abstract 

Influenza A viruses infect wide ranges of animal species. Quail has been proposed to be an 

intermediate host of influenza A viruses for the generation of novel reassortant viruses for 

interspecies transmission. However, the detailed information on the susceptibility and the 

pathogenesis of low pathogenic avian influenza and swine influenza viruses in quails is limited. In 

this study, the replication , pathogenicity and transmission characteristics of a low pathogenic avian 

• H3N2 virus (dkH3N2) and a Eurasian-like swine H1N1 virus (swH1N1) in quails were determined 

and compared. Quails were inoculated intranasally and orally with each virus and evaluated for 

... clinical sign, virus shedding, virus transmission , pathological change and serological response. All of 

the infected and contact quails did not develop any clinical signs . Quails infected with dkH3N2 shed 

significantly higher virus titers predominantly from the oropharynx than those of swH 1 N 1, and 

transmitted to naive contact quails via direct contact. Gross and histopathological lesions were 

observed mainly in the respiratory and the intestinal tracts of infected quails which dkH3N2 were 

significantly more pathogenic than swH 1 N 1 and contact quails. Seroconversions were detected in 

most of swH 1 N 1 infected and contact quails. Taken together, this study demonstrated that quails are 

more susceptible to infection with the dkH3N2 compared with swH1N1. 

Keywords: Quail , avian influenza virus, swine influenza virus, infection, transmission 
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1VHY'l!ii~beJ(ih"5'it'] b'lfU reassorted-virus pathogenesis adaptation and transmission v\~tl reassorted

t virus-host interaction <l1 eJ ttl 



3 

• 	 t~u1'2l1'i'r~l'VIQj']jli~tu 
LiflH'VI1<111'V1rY"l!u<11tfl dJ'ULifl~rillibil<111 1m::UU'Yll~L~'U'VIlrJhl~~~1'U:lJ'U~tfLLiil::;<111mn rJ, 

"l!U<11 1<11mifld'ffl:lJl1rl'l'111iLfl<1111m::1J1J'Yll\lL~'U'VIlrJh1'ULL1,Hliil::LiJ'UfflL'VI~m1L~rJ;1~l'Uvmttlh n~~, , 
500,000 ftW~ifltJ (Horimoto and Kawaoka, 2005) 'Uflmnnd'Lifl'h1ff$~n~11u~Lll'UfflL'VI~'I'111iLfl<11nl1, 
1::::1J1<11ftf\ll'Vlnjl'U:lJ'U~tf (pandemic influenza) l~LLri LiflH'VI1<111'V1rU"l!u<11Lflfflm~'Uli H1N1, H2N2, LLiil:: 

v q 	 CJ q 

H3N2 (Horimoto and Kawaoka, 2005) LLiil::~l ff<11btJ'V'lfl. 2552 (ftfl. 2009) 'V'lU"h~nl11::Ul<11ftf\l1'V\(u 
~, 

"lJEl~hftH'VI1<111'V\(yl'Uft'U~fl H'VI1<111'V1q)fflrJ~\\'fl'VI6.J 2009 (H 1 N1) ~~rh~;Hll'Uhft~~~lfl'1!LLiil::Lll'UtJcy 
'VIl~flru'Yl1\1ffl1l11rnff"lJ"lJ rn::d' (Smith et aI., 2009) nl1~ih.:BflliT'VI1~1'V\(lj"l!U~Lfl~<11L.:Bfll'U;~1'VI ~lrJ"l!U<11 

~ 	 ~, 
tiJ::nflUn1Jnl1~nl11::Ul<11"lJ fl\l11ftH'VI1<111'VI ruLLiil:: 1'll'VI1<11'Unmh~~ elliifl~ ~\ltJ~~u'U fll~'I'111i~m1Lvi:lJ 

~ , 
1flnl ff1'Unl1LD~ rJ'\.l.UD iil~ LLiil::nl1n iillrJoW'U!5"lJ fl\lb.:Bfll11ff 'VI1fl fll~ Lfl<11111ffiil n~ ff:lJ"l!u<111 'VI6.J"lJ fl\lL.:Bfl H'VI 1<11, ~ 

L.:BflH'VI1<111'V1ru"l!U<11Lfl -;)<11fltJl'U~1::niil Orthomyxoviridae ibDil~'Ymniil:lJ (spherical) 'VI1fl 
Q.I '\I 'U 	 '\I 

1Jl~ftf~~1D'YmhlLL1i'Ufl'U (pleomorphic) ii"lJ'Ul<11Li'U~1'UfI'Utfniill\!D1:::lJl rn 80-120 'Ul1'UL:lJ~1 ~\!Lll'U 
~ 	 ~ 

L.:Bflb1ff"l!U<11iiLD~flni:lJ (enveloped virus) uiil::ii~n~rn::fflrJoW'Ullm1:lJLiJ'ULLUU single stranded RNA . 	 , 
fflrJiilU'lJ'U1<11D1:::lJlrn 13,600 Ulft~lfll'Y1~ ~ii~n~rn::Lllm1eJ'U:'U<J ~lm'U 8 rim.-l. l<11mL~~::rieJ'Uii'V\'ct~ 
tJ'U~LiJw~l'ULL1J1J1'Um1ff'h~1D1~'U~ LiJ'U~1'UD1:: n El1J~l\! <J "lJfl,'lL.:BeJ111ff ~~ tJ'U'#\! 8 ri eJ'Uffl:lJl1rl rl fl<111V;'ff 

!.ih1D1~'U 10 "l!U<111~Lbri 1D1~'U Polymerase Basic 1 and 2 (PB1) (PB2) 1D1~'U Polymerase (PA) 

1DJ~'U Hemagglutinin (HA) 1D1~'U Nucleoprotein (NP) 1DJ~'U Neuraminidase (NA) 1DJ~'U Matrix (M) 

LLiil:: 1D1~'U Nonstructure (NS) (Webster et al.,1992) L.:BEl1'll'VI1<111V1q)"l!oU<11LeJffl:lJlJmLti~eJeJmll'UfflrJ 
~'Uli~l\! <J (subtype) ,r'UflrJnu~n~rn::"lJfl~ glycoprotein ~~1'UEln"lJeJ\!L.:BeJl11ff~eJ 1D1G1'U Hemagglutinin. ~ 

(HA) LLiil::LD1G1'U Neuraminidase (NA) l<11rJ~ii HA ~l'Ul'U 16 subtypes LLiil:: NA ~lml.t. 9 subtypes LieJ 

1'llVl1<111VI ru"l!oU<11beJ'YI nffl UoW'Uliffl:lJl1 rl'V'lU1<111'U'UnJ1 1J1\! ffl rJ~'UliY~u1~'U;~lb~rJ\! iil n~l rJ'U:lJVI ~l rJ"l!U<11 
v q q 	 q '\I 

Lozi'U ffnJ iTl ~\! Diilll1W iJ~~ bLiil::l'U:lJ'U~tf 11:lJ~\l1'U;~{tJnVliillrJ"l!U<11 (Webster et aI., 1992; Webster 
• 	 q 

et aI., 2006) 

Lit) l'll'VI1<111Vlru"l!oU<11 LElffl:lJl1mhliLn<11 m1~<11 L:BEl'lll:lJ ~1 tJ~'Uli (species) lD U\l;~1~1\!"l!U<111~
~ , 

Ut'l:::: ~mJ11rl'V'l'I.Jl~ti eJ rJftf\! eJrJl~11nwn:lJ m1~b:BeJ ll1ffffl rJ~'UTI'V\'ct\l~::::ft\ll'Ub1tJ'UEl rJl'U;~{"l!oU<11'V1ii\l bbih, ~ 

Ln<11m1~~wimL'V'l~nJ::~ltJ1DrJ\l;W1'hu<11~'UdJ'U1DMmn t;)leJ rJl\l Lozil.t.l'U'Umrl"l!-U<11~l\l <J (aquatic bird) ~\l 
L'LJ'U;~11\lhfl<111:lJ1l1J:lJ"l!1~'lJeJ\!L:BeJl11~ (Webster et aI., 1992) l<11m;eJ~::::L'~:lJ~lm'Ulm::::1J1J'Yl1\lL~'U 

Co , , Q.; I r.::> 	 IL<o ,d
fllV111blt'l::::W1<11l71eJm'U'YI1\lnl1'lJUbllrJUt'l::::nl1n'U (fecal-oral route) (Hinshaw et aI., 1980) :lJn'V'l1Jllb'lleJ 

l'llVl1<111V1q)"l!oU<11LeJ~ln'UnJl,r'U ~1:lJl1myj:lJ~lwml<11'~~1'Uft'Ubw:::: primate (Beare and Webster, 1991) 

1'U'Yll\ln~1Jn'UL:BeJHVl1<111'V1q)~lnft'U1~ffl:lJl1mvi~~lm'Ul~~1'U;W1{tJmozi'Unl.t. (Hinshaw et aI. , 1983) 

http:rJ'\.l.UD
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J 

.. 

~.J,fm;El1-:r~-~~.Jnr,:il1~01~L;alUUmil~.J<1la.JiinTmJ~ IJULLU t1.J tn'1!frn::m.J~mJn'mJri aU01tn~ a1u tJ;J ~tnl 
q 

"lIiitn5u1<1i' 

L'cta.J'iJlm;a1-iT~ltnhqj"llii~LElii~l'l~U~m'l:!J~iitn'1!frn::b1JUrlau (segmented genome) ~.J 
~l :!J1'lflL n Cfi nl'HLt1 n L U~ IJUrl ElU~l'l~U1in'l'l:!J'l :: ~ll.J'l::~ll.J til UJJ"lJ EI.J L;a111~<1i'11J nu1<1i' (genetic

q 

reassortment) ltn lJ'WUlll;a1-iT~ltn1~ qj~u~1:!J1'ln1utiU'iJl n l ;a1'JY~lCfiune.hum.J m'lLLt1 n b u~ IJUrl au 

~T:i~U1im'l:!J (reassortment) lulu~~~lnt1l;J (intermediate host) ~lar.il;Jl'liu l;a1'JY~1~1'VHll"lliitnla~
q ~ 

bLtJnl<1i''iJlnm'l'l::UlCfi1 uum'l. 1957 (Asian influenza virus) LLt1::U~I"I. 1968 (Hong Kong influenza virus) 

,fuLnCfi'iJlnnl'lLLt1nLU~lJutim::~11.JtiU"lJEI;Jl;a1'JY~1~umlt1::1l1~1'JY~lCfi1~qj~u (Webster et ai , 2002) 

uan'iJlnd'L;al'JY~lCfihru~llJ~UTIh:lJ 2009 (H1 N1) ~'\'hliLn~m"l"l::U1Cfil~ru1u~u lnCfi'iJlnm'l 
~ q ~ 

LLt1mU~lJutim::~ll.JtiWlJa.Jl;al'JY~lCfihqj~m 1l1~1'JY~lCfiumlt1::1l1~1-iT~1~l~qj~u (Smith et ai, 

2009) i1'iJ'iJUU~.JiiLLU1~Cfill'1-i,Til::ii~Cfil~Yhmrl~Lihlm.~~~ln t1l.J (intermediate host) 1 um"lt:-l~(9)111~ 
q 

d ~" .
t1nt:-l~JJ (reassortant virus) 'll.J b(9)lLn~m (Castrucci et ai., 1993) Llt1::unm::Yl1 (Perez et ai, 2003b) 
~ q 

ltnlJlu~m'Wull~miiml:!Jl1~am'101m;a~.Jl;a1-iT~1~1~ru~u 111R'H~1~l~ruR'm 'l1:!J~.Jl11~H~1~ 
q q cu <:L.I q 

un (Choi et ai , 2005) LtlEl.J:JJ1'iJlnlurlElt1JJ (trachea) "lJa.JR'm,fUlJ~11U (receptor) 2 "lIii~i'lEl@\11U U-
q 

~~ do . ..t~,,~ ~~~,,~
2,3 linkage sialic acid blt1::(9)l'lU U-2,6 linkage sialic acid 'll.J'iJlb'Wl::(9)EIl"llEl b"lJ~l~UmLt1:: bl"l~ b"lJ~ltn 

lmU~U(9)l:!J~l@\U (Ito et ai, 1998) Elr.il.Jl"lnCfil:!J'iJlm~(9)mnl1'm"l~Cfil;aH~l~Un~llJ~UTI H5N1 'iJln 
~ q q 

~Cfilum.n~~u1tnl~ IJCfi 'l.JlCfi1.Jl:lJ~.hulu~~~lnt11.J "llJJC1.Jb ~(9)m'lru~l;aH~lCfiUn~l1.J~uTI H9N2 ~.J 
~ .. 

'l::Ul~ar.ilu;CfilunlU'YllubEll~1.J~l:JJ1"ln01Cfi~a~~UbLt1::~ml<1i' (Peiris et ai, 1999) ~.J'iJlnLWllnTHl1'~.J 
~ 'U q q 

~a.Jd''l'l11iiimlJJLUUlul<1i'11~<1l1un (land-based poultry) ~l:JJ1"lnYhmrl~LiJulu~~~lnt1l.JlUnl'lyhli 
l;Ell'JY~lCfiUn~1:JJ1'ln01Cfi~EI'JY1JJ~11.J~uTIlutJ.J~mML'liU!lu (Peiris et ai , 1999; Shortridge et ai, 1998)

q 

U'I1U1'11'l1f:hl,"nm::rll'1,"nTH1J,"LuG'l<?l~1 n iil1\l 

i1'iJ'iJUUiimlJJb~ElllUn m::m ~1:JJ1"l nYhmrl~ Lih1u~~@\lnt11.JlUnl'101Cfi ~ a'JY1:lJ ~l1.J~UTI"lJ a\l 
q • 

L:Bal'JY~lCfi1~ qj"lliiCfi b a L tla.J'iJln'Wullunm::mii @\11u~.J~a.J"lIiiCfiUU~t1aCfit1:!JLLt1::m.Jl~ual~1"l (Wan 

and Perez, 2006) 'iJl n~tn~lum.J"l::UlCfil'Yl1.Jl~e.ilU:JJ1'WUll b;aH~lCfi1~ qj"llii(9)la'luunm::mii 

,)l tmu~f.JLL'ln~1.h::l'Yll"la(9)l~1uu~l"I. 1966 1l.J 1968 (Nardelli et ai, 1970) ~a:JJ11<1i'iim'll'Wl::lwm;a 
1-v~lCfi1~ru"lliima~t111.J~ tJ~uTIl<1l'iJlnunm::m'lU'YllUEIl:!J1ml~ita 1.J hUbb~::lEll;tJ l<1lllri l;El1l1~~11.J

v q q 

~UTI H5N2 , H7N3, H9N2, Llt1:: H10N8 (Guan et ai, 1999; Guo et ai, 2000; Saito et ai, 1993; 
q 

Suarez et ai, 1999) uan'iJlnd'ihl1.J.J1Um'l1'il1.Jll unm::mtn:JJ1'ln01Cfib;El1'JY~lCfiun"llii,Cfi'lUlb'l.JR'11.J
q 

~UTI H5N9 lCfi1.J1:;jlb~Cfi .J alm'liJlml t1::~1 :JJ1'l(')01Cfi~a1utJ.J1ribb~::'l'l1'l~1.riCfil1.JM (Tashiro et ai, 1987). 
llt1::ii'l11.J.J1U11l';a1'JY~ 1(9) un'luun m::mii t n'1!frn::'Yll.J~mj m'l:!J~~l1.J~~.J nUb;a1'JY~lCfiun ~l1.J~U TI 

H5N1 lL~ :: H9N2 ~'l::Ulmlr.ilu~m'liunu (Guan et ai, 1999) llt1::lDu~'I-i,l~uhllunm::'Yll~l:JJ1"l(,)~Cfi
" 

L~aH~lCfiun~1.J~uTI 
q 

H5N1 llt1:: H9N21CfilCfi1.Jl:lJLL~~mllnl'liJl1.J blt1::t{l:JJ1"l(,)U~Cfiur,:iam;fHlEInJJl'Yl1.J 
~ 

J::uum.Jb~u~-1tJh 1Cfi1um:JJ1 rn~.J (Perez et ai, 2003b) ua n'iJlnittJ.Jii"l11.J.J1Um'l~mn'Wullun 
~ 

m::miimlJJb~am'l~Cfib;aH~lCfiUn~l1.J~UTI H5N1 :JJ1 nnlllri lCfi m;a111~~1:JJ1"lm~:!JlllulUlu
• 

http:lnt11.Jl
http:llJJC1.Jb
http:a1'JY~lCfiune.hu
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• 
imJ~\lI'Ul,ij[J~~,"u~'U'UU'YlUl'Yl"lJ El\l'Unm~'Ylll'Um1lD'Ul"ff~i'm ~I\l"lJ el\ll;Elli<wr~1VI nhfii.~ lEl" , ~ 

~\ll"li'U 'WUiIL;ElH'V\'J~'Un 14 ~rJ-w'Uli (H1-14) Illn'UnJI~I:lJl1myj:IJ9hwml~1'U'Yll\ll~'UVlI[Jh"lJel\l'Un, 
m~'Yll~\llD'U~1 LLWU.\I~L;Elli'V\'J~1'VI n.hfii.~LEll~:IJ,jl'U 'm 1 'U~~{L~rJ\I ~ n~l [J'U:IJ '5 n~\I tJ\I'WUill%ElliWJ~ 

~ " 
< ..t VJ ~ , ~ "~I ~ .. ..t ...1Vlb!!~mLL~~L'lfEl \11~~m..jff:IJ1~Vl11\ll,il~lumL~~l,iI~lL~rJ\I~n~lrJ'U:IJ (avian / mammalian reassortant 

virus) ~ij~'U HA lL~~ NA LD'U"lJ El\l11~l,iI'Un m~'Ylll'U"lJrn:::~'Yi ElU-WUllm1:IJ~'U"J dJ'U"lJEl\l11:rl,ilf)'Ul,iIl:lJ11rl, 
lyj:IJ,jI'Ul'ULl~~~~'1imL'Wim:::IllrJb'Unm~'Ylll~L"li'Url'U (Makarova et aI., 2003) ~\I,r'U~\lijml:IJLD'UltJl~ 
~L;ElHW1~'UnLL~:::11:rl,illiwJ~1VI ru l,iImll:::Ln~ m1lL~mtJ~ [J'Uff11-W'Ullm1:IJrl'U 1 'U'Unm:::'Yll 

~ , , 

LU'U~tilff'Ul1lilL;Elli'V\'J~'Unffl rJ-W'U15, H9 ~ LLrJn l~IlI n'UnJIhll,ill:IJTHl L YJ:IJ-.(iIUl'U1~El Ul\lii 

tJ1:::~'Yl~rn'Wl'U'Unm:::'Yll (Makarova et aI., 2003) rt\l~L;Ell,illrJ-W'Uli H9 ii'1~1Jl~Elul'U~~{lImb~:::~n:lJl1rl
q ~ 

~~'1im'ff)'ULL~:::l,iIml~ 'UElnlllnii'tT\I'WuilL%Ell,illrJ-W'Uli H9 l,iIl:lJ11rl,ijUrluil~U a-2,6 linkage sialic acid " , , 
1~ (Matrosovich et aI., 2001) Il:::L~'Ul~ilm1~L;Elb~l,iIl~:IJ,jlm'UlL~:::~~<1iEll'U'Unm:::'Ylll~ ,jllD'U~b;El 
~El\lii m1'1Huil1'U'Unm:::'Ylln el'U ~\ll,iIel~f) ~El\l rlml'Ul,ijtJ~11 rJ\lI'Uill;Elliw1~'Unl,ill [J-w'Uli H2N2 ~lLtJn, 
MIllmU~L~EliimJ1Huil (adaptation) 1 u'Un m:::'YlllL~ll,i11:lJl1rl~~'1i ElltJtT\llnlL~:::.yh1'VI'nLLff~\lEllm1 
lhrJl~ (Perez et al., 2003b; Sorrell and Perez, 2007) 

7iJWJ~ lV1l1hf'uwWvlni~{iJniJtl3J1Jn'11f1JtA-mi;nlH1Ju virus variant U6/::;iJtla.Jl JnrJi~rderlll(J,lIi... ~ 

i~{iJn7fuwifu7; LliEl\lllln'Unm~'Ylliiil:rU~,jlL'Wl:::<1iEll1:rl,ilJ\lliwr~'Un lli:l:::H'V\'J~1VI rul,ilm i.,J,r'U~\I
v , 

iit El nll,ilLD'U1'l.Jl~~L;Ell1:rl,il~\ll,iI€).,J'lfii.~Il::: dl~ nl1Lbi:l m tJ~ tJ'Ul,iI11-W'UIiWmJ n'U1 u un m:::'Yll LLi:l::: l,iIl:lJl1b1 
q 

bil ~ nl1~~<1i €)il:IJltJtJ.,J~~{'lfii.~ ~'U1~ ~\I,r'U\ll'Ul,ijrJd~\I:U\lL ,"'U~Il:::~ mtl'V11ml:IJ l,iIl:lJ11rl 1 'Unl1'l!l.,J:rU , 
m1~~ L;€) LL~:::ml:IJl,iIl:lJl1rll 'Um1LL'Wim:::Ill rJ"lJ €)\lb ;elliwJ~1VI ru~ii~'Unllii.ml miJ~LLi:l:::ffmltJ~'Un 

v , " 

m:::mil~'U"J ~elltJ 

iil,ill:IJtJ1::: nl1V1 ~n~lrJn'Ui.,J~ElltJii' 

1. ~mtl~n'ltrn::: 'Yll\l-W'Ullm1:IJ"lJel\ll,relHwJ~'Un'lfitIi111.hml1..,j H3N2 bl~:::l~el1iwr~hmjl,ilm
<J q v q 

H1N1 l~el~utTu~'Unllii.li1-Wmm11:IJ"lJ€)\l11:rff~hl'Unl1~mtlrt.,Jffel.,J, 
2. ~mtlml:IJffl:lJl1b1"lJ €)\I'Un m:::'Ylll'Um1~li1l;Eln11'V;:IJ,jl'Ul'U"lJEl\ll;€)11:rff1iw)~1 'VIruffm v,, 

H1N1 

3. ~n'ltlml:IJffl:lJl1b11'Unl1LL,,~im:::Ill m~Elll:rffHw1~1VI ruffm H 1 N1 l'I.JtJ\I'Unm:::'Yllil~'U 
~ , 

http:ru~ii~'Unllii.ml
http:U6/::;iJtla.Jl
http:ElltJtT\llnlL~:::.yh
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d ~.t.,
nl'WWHJ:!Jl'1ffl 111l:! 

l.:Bfl'l-l'~'l:!1'Jlv\,)<ll1v, qj'1fU<lllfl~~~\t1:lJ11i1Um1~m~If1~,JdiJ 2 isolates ~fl l.:Bfl111l:!Hwllllun 

'1fU<ll'laJ1Ull1,'l H3N2 ~l'Wl~utJmlnLiJlll (dkH3N2) ~,J'l<l111Jml:!Jflmml~y{:lJ1~ln WI.U~'W.<ll1.'Yllfln~, , 
~,Jll:!~:I.J f1rn:::~mll'W'YltJ~l~f§lf :!JV,I~'YltJl~mm~f§l1~1~f§lf bbt'l~l.:Bfl'l11~'l'JlWr<ll1v,qj~m H1N1 (swH1N1) 

~l'Wl~utJn~ln~ml'Uth:::l'Yl~'l'YltJ If§l tJV,lt1 tJ'W tJ1li~'Yl tJ1 fI rn:::~f§llll'W'Yl tJm~f§lf ~WIt'l~mrn:!JV,l~'Yl tJ1~tJ, , 
biJU~l 'W1:::bl tJ n1u1J'W. ~. 2549 l:%fl 111~rf,'l l:!fl,J'1fUIll~~ C1 n b yj :!J-;51Ululu1 'Ii1 riVl nLbiil::: b'll'iil ~b'W1~ b~tJ,J'1fU<ll 

~ ~ 

~mi1fl,J (MOCK cells) f§l1:I.J~I<l1lJlbiil:::y'hm1v,ltJ~:lJ1rn"lJfl,Jb.:Bfl111~<l11tJ~li"lJfl~ Reed and Meunch 

(Reed, 1938) hl'll'iil~l'Wl~b~tJ,J'1fUill~mi1fl,'l (MOCK cells) bbiil:::lu'l'li1riVln bl~l~~ aliquot 111~bnlJ'l-ih 
flrnv,nil _80

D
C byjflblum1~mm:::tJ:::~ 1 bbiil::: 2 ~flltJ 

, '\J 

\tlb.:Bfl H3N2 ~lnLiJ<llbbt'l:::b.:Bfl H1N1 ~lnl:!m :lJ1~bml:::V:~n~rn:::Ym~U1im1:!J"lJfl,J'Yiflu~urf,'l 8, , 
'YiflU <l11tJ~li complete gene sequencing (Karasin et aI., 2000) ~1V,11Jb:%fl H3N2 ~lm1J<ll T1rn::: 

bb'W'YltJ~l~f§lf ~Wliil,'lmrn:!JV,1~'YltJ1~tJ1<l1y'hm1f§l11~~bml:::y{m,J~U1im1:!J"lJfl,J~UbL~1~,'lV,:I.J<ll 5 'Yiflmln, , 
8 'Yi flU 'l<l1bbri Yi flU hemagglutinin (HA) nucleoprotein (NP) neuraminidase (NA) matrix (M) 

nonstructural (NS) <l1,'ltfu1U,'llU~~tJd~.J'Yhm1f§l11~~bml:::V:'Yi flU ~U1im1:!J~ biJu polymerase genes, 
(PB1, PB2, PAl Ein 3 'YiElU ~lUb.:Bfl H1N1 ~ln~m"lJrn:::ii'1.<l1'Yhn11~11~~bml~V:bb~1 2 'YiElU~ln 8 'YiElU, 
l<l1bbri YiflU HA bliil~ NA bb~U,'l"lJl<llm1~n~1'YiElU~U1im1:!JEin 6 'YiEl'U~b'V\~fl, 

1:::£.I:::~ 2 m":i@i(;ll~8h-rt'll,","nm:::'Yl1 
'Unm~'Yllbliil~m1~<llmi:!J'Yl<lliilfl,J 

i 

'Unm~mnltJ'U ElltJ 5 ~tJ~lV: -;51'UlU 65 1111 lnlJI111mil~b~El<ll~lnun~1'U1U 10 1111 lyjElm1~
v , , 

)::<l1lJUflU~lJEl~<l11tJlfi Hemagglutination inhibition (HI) ~m.:Bfl H3N2 llt'l ::: H1N1 Un~bv,~El~:::~q) 
V\mmt'l"lJtJ1:::~11111~"lJl bbt'l:::nnLbti,'jbU'U 3 n~:I.J (n~:l.Jiil ::: 15 1111) k)V\11Jn~:l.JYi 3 bbiil::: 4 (n~:l.Jiil::: 5 ~,)

'\J q 'I'I" 

~,'l~El1tJd 
n~:I.J~ 1 n~:l.J1ib;flHw1illUn'1fUillhJ1'Ubb1,J H3N2 (dkH3N2) q, , 

n~:!J~ 2 n~:l.J1ib:%ElHV\lq)1V\nJl:!m H1N1 (swH1N1) 
q q v q 

n~:!Jfi 3 n~:!J contact birds 1i1'in~1n11~ill~m:%fl H3N2 ~ln'Un1'Un~:!JYi 1 (cH3N2) 
, , q 

n~:!J~ 4 n~:I.J contact birds 1i1'in~1n11~q)~m.:Bfl H1N1 ~ln'Un1'Un~:lJfi 2 (cH1N1) 
, q , 

n~:lJYi 5 n~:lJmlJfI:lJiillJ (NEG)
, , q 
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nl'~1~A'eJb1~91:::'Yhlu~biLl\l~<ill'Yl<il~eJ\l\i;~nLl;lml"n:::~lJ 3 t<ilLl'Unm:::'Yl11'Un~JJ~ 1 LL~::: 2 
~ , 

'il:::l~1lJl~m.fJJJ1ru 10 
6 

ELDsofml t<ilLlm1vweJmhn 200 fll lb~:::91~nil\l~::: 50 ).11 LL~:::'il:::,xtj'J'U~l';;b~eJ 
ltl'U'J'U~f'I'UrJ (Day 0) 'lleJ\lm1'Yl<ill.'1eJ\l ~l'U'Unm:::'Yl1€in 10 ~l ~\lbtl'U contact birds nmbb'lhhhlJJ 

~ ~• 
1'Un~JJ~ 1 lbl.'1::: 2 <illJJih~lJmLl'VI~\l1';;l~eJ111~Llth 24 iltJJ\l (Day 1) bvleJ;;;mnteJm~1'Um1~<il~mll.'1:::, 
Ll'l'r,j-m:::'illm~eJli'V\'J<iI'Un H3N2 lbl.'1:::l~flli'V\'1<il1'V\(u~m H1N11mmm:::'Yl1 

~ ,• 

UUr1nellnlJ'Yll~fl~Un e)<iljlnl1tJltJ bb~~ 5~JlnlJ(jlltJ lu~::f)f\)'Yln1'UdJ,"Ll~1 7 l'U'V\aJ, 
1~1lJl~eJ 'VIln~<ill<illLlriemnl'VI'U<ilm1~l'll'ln (1'U~ 3, 5 lbl.'1::: 7) 'il:::'Yhm1~l'll'lmvlmnlJ~leJr!l\l~l'VI1lJ 
LlLImll.'1:::~~'il,rb~Ell11~ bbl.'1:::mWI11'il'Yl1\l91l.'1'1'WlTI1'YlLllYl'U'Yl rhm1bnmlleJrll\l tracheal bb~::: cloacal" , 
swabs 'Yln1'U (lnlJ~leJrll\l'VIli\lflr\lriEl'Um11';;b~El) bU'Ubll.'1l 7 1'U'VI~\l'illn1';;1':B'El 'illn,f'U1'U1'U~ 3,5 bbi.'1:::, 
7 'VI~\l1';;L~Elb1~ rhm1ln1JileJrll,'ll~El<illll.'1::: put to sleep 'Unflr\ll.'1::: 5 il'lleJ,'Ilb~l.'1:::n~JJ'Yl<ill.'1eJ\l bvlm.h, 

nl1<i111'il'Yll\l~L1lTI1'YlLil 

'\.bilElr!l\l'YleJl.'1:IJ tleJ<il ';;lh aJl:IJ ilJ~eJ'U l<i1 ilJ ~:lJeJ,'Illl.'1:::~llff JJ1ml'il'Yll\l91l.'1~mTI1'YltJl
• 

Lvl8<il~m~ru:::~~<iltJn~"lJEl\lbd'ElLnEl lbl.'1:::'Yhm11';; score <ill:lJ1:::ilJml:lJ1'ULL1\l"lJ8,'1'JElLlhfl (score 0 = no" , 
~ 

lesions, score 1 = mild lesion, score 2 = moderate lesion and score 3 = severe lesion) 11:IJYI,'Irh 

immunostaining ~1L1 Influenza A specific antibody bvlEl<ilm1~<ila"lJeJ\lLLeJ'U~L'il'U"lJEl\l111~lmd'ElL~mvlEl 
~ 

'" = d' '1 ~1 d' ..
lb~<iI\ln,'lm1<i1<i1L"lIeJ (infectivity) "lJeJ\l n1~ 'UL'UEllLleJ 

nl'l~mnm1tll.'1<iltl~eJLll11~ 

<il11 9l'VIlmJJ1 ru111~~ n ntli.'1<iltl~ eJ L1:1Jl1'U'YleJl.'1:IJ lbl.'1:::'Yl eJ'Ylll111:IJ t<ilLlm'J'\.bil eJ Ul,'l'illmi eJl.'1:IJLbl.'1::: 
" 

'YleJ'Ylll111:1J9llnn~:IJ 1-5 :IJlrhm1b~l:::bbtln (virus isolation) Ui.'1:::'VIlm:lJlru"lJeJ\lb~eJ (virus titration) 1'1.1., 
MOCK cells (Kitikoon et aI., 2006) 

~ .. 
lbfl'Jl:::'VI~l.'1m1'Yl<ill.'1El\l 

bmtllJb'YltllJTilbil.~L1 (mean) ~l.'1m'Jtll.'1<iltJ~mJb1~~1~J:::'V\':il\lbb~l.'1:::n~:IJ~1t11TI one way , 
analysis of variance (ANOVA) bbi.'1:::lmtllJlYiLllJTilbil.~tI (mean) ~l.'1Til score "lJeJ\l1eJtlhfl'Yll\l'\AItll151'Yltil 

l:::'VIll\ln~:IJ~ltllTI non-parametric Wilcoxon / Kruskal-Wallis Tests (Rank Sums) t<iltlH JMP 5.1, 
software (SAS Institute, Cary, North Carolina) ~ml:IJbb<iln<3il\l€lrll,'lii,xLl~ly)q}'Yll\l~n~~J:::~lJml:IJ 

bl1mJ'U p < 0.05 



I 

8n'H)'lIbb"1~~ (conceptual framework) 'lIf)\lt~d\lnT',j~itJ 

Duck H3N2 & Swine Hi N1 propagation 

in MDCK cells 

I 

Amplify gene segments & clone 

I 

Genome sequencing 

1. Virus characterization 

..................................................................................................................... 


I 
65 quails (five wks old)2. Animal infection study t 

I 

Collect blood 

from 10 
Split birds into groups of 15 

quails 

I 
i 

I I I 
Group 1 H3N2 (Duck) Group 2 H1N1 (Swine) Group 3 Negative controlI I 

,_____S I /
i ~ 
! Infect birds in groups 1 & 2 with appropriate virus ; 

= Day 0I 
1 at 5 wks of age (group 3 use PBS) ! 

! 

L 
i . I'-. ' 

Add 5 contact birds to groups 1&2 = Day 1 

-C 
r--
1 

Observe clinical signs and collect tracheal &I 
I 
I cloacal swabs daily
I 

I 
! 
; , 

st nd 
(1 & 2 ) Necropsy of 5 birds from each group 

1 
! 
,I = Day 3,5 

I 
rd 

Collect blood & (3 ) Necropsy all remaining birds 

-, 

j 
= Day 7 

; 

I , 
Laboratory analysis , 

; 

Outcomes: 
I 

Objective 1: Obtained genotypic data of both influenza A virus subtypes 

Objective 2: Gain knowledge of the clinical disease caused by Influenza A viruses of duck and pig origins 

in quails I 
I 
I

Objective 3: Gain knowledge of the ability of quails to support and transmit Influenza A viruses of duck & swine I 

"'

I 
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• 

d .J' ~ ~ 
mWild"fJ:lJL"lffl nd"~ 

l;€Ilr:r~H'V\,1~l~q)"l!i1.~l€l~'tb:lJ'lhi'lumd"~m~'lflt'l'd'ij 2 isolates ~€I L;€Ib1~1"llw1!ilun"l!U!il 
hiJ'tUl"i.:J H3N2 ~L~'l::llfJm:nmll~ ~.:Jl~1lJm'l:lJ€lmm'l::y(:lJ'l1l'ln "i1'1.u . ~"r'I . !il"i.'Yllin~ I.f.JL~~:lJ flrn::, . 
~mU'IYYlrJY1'l~<il{ :lJ~'l1'YlrJ'l~mm~<ild"Y1'l~<ilf Lliil::L;€lll1~HW1!il1~ni~m H1 N1 ~l'Vn::lL!Jnll'ln~mlu 

. 
~ . . 

th:: l 'Yl1'I1'Yl fJ llil fJWu,lfJ"r'IrJ'lTI1'Yl fJ'l mu.::~<illLL~'Yl fJY1'l~<ilf ll'W'liil.J mru:lJ~'l1'YlfJ'l~fJ lllu~1\~'l::LLfJn1UU 
~ 

~.I'I. 2549 (<il'l "il.:J~ 1) l;€lb1~-#.:J~€I.J"l!ulill~nnrl1nT'H~:lJ,,;)'lwmlul"lllri~mLiil::l'lliil~Lm::ltfJ.:J"l!U!il
~ 

til entt€l.J (MOCK cells) <il'l:lJG1'l<illJ Lliil::'Yl1 m"i~'lm:lJ'l rn"lJ€I.Jl;€Ill1~~l fJ1n-n €I.J Reed and Meunch 

(Reed, 1938) lUl'lliil~L~'l::ltfJ.:J"l!ufiltilmli€l.J (MOCK cells) lliil::1ul"lllri~n ll~l~.:J aliquot 1l1~LnlJlnU 
€lrn~JliJ _80

oe lvj€lH'lumd~mm:: fJ::~ 1 lliil:: 2 ~€lltJ 
• 'IJ 

't1.'ll;€I H3N2 ll'lmllIilLLiil::l;€I H1N1 ll'ln~m :lJ'lllm'l::y(~m~rn::'Yl'l.J~UTIm"i:lJ"lJ€I.J'Yl€lutiu-#.:J 8. . 
'Yl€lU ~'dfJ ~rIT complete gene sequencing (Karasin et aI., 2000) &1~1lJl;€I H3N2 ll'lmllfil flrn:: 

lL~'Yl fJl'1'l ~<il{ ll'l'<'l iil.:J mrn:lJ~'ll'YlfJ'l~fJ 1~Yl'lm"i<il "il1l1lm'l ::y(m.J~'UTIm"i :lJ"lJ €I.J ti'Ullthyt.:J~:lJ1il 5 'Yl €lm'ln 

8 'Yl€l'U l~lbri 'Yl€l'U hemagglutinin (HA) nucleoprotein (NP) neuraminidase (NA) matrix (M) 

nonstructural (NS) 1U.J'l'UlifJdYl'l m"iml1l1bm'l::~~'lG1'l<illJ~Ulmd""i:lJ'Yl€l'U~uTIm"i:lJ~ b~~ €Ian 3 'Yl €I'U 

~€I polymerase genes (PB1, PB2, PAl <il.Jbl~~-:Jlu<il'ld'l.J~ 2 lLiil:: 4 'U€lnll'lndYl'lmd"<ildl1l1lm'l::~L;€I 
H1N11l'ln~mmlJ-#.:J 8 'Yl €l u<il.Ju~!il.Jl'U<il'l"il.:J~ 2 Lliil:: 3, 

Infectivity or lethal dose 
Virus name Nomenclature 

L091oELDso/mi L0910TCIDsiml 

Duck H3N2 AlduckfThailand/AY-354/08(H3N2) 8.23 5.5 

Swine H1N1 AlswfThailand/CU-CB 1/06(H1 N1) 7.16 7.33 
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Gene segment Swine Hi Ni (base pair) Duck H3N2 (base pair) 

PB2 2249 2268 

PB1 2247 2253 

PA 2134 2166 

HA 1636 1739 

NP 1482 1504 

NA 1414 1411 

M 994 978 

NS 835 871 

~ • • Q..;.J' d 
(?1111>1'Yl 3 Sequence homology "lJtl~bb<ilt'l::'Y1tl'U'W'U~m1:IJ"lJtl~b"IHl AlswfThailand/CU-CB1/06(H1 N1) b:IJeJ 

bmrJUbYlrJunu reference swine influenza virus 1'U GenBank 

Gene Nucleotide 

positions 

Virus with highest degree of homology Nucleotide 

identity (%) 

Influenza virus 

lineage 

PB2 1-2254 A/swine/Chonburi/NIAH977/2004(H1 N1) 98% Eurasian (Avian-like) 

PB1 1-2247 A/swine/Chonburi/NIAH9469/2004(H1 N 1) 99% Eurasian (Avian-like) 

PA 1-2127 A/swine/Chonburi/NIAH977/2004(H1 N1) 99% Eurasian (Avian-like) 

HA 1-1636 A/swine/Chonburi/05CB1/2005(H 1N1) 99% Classical swine 

NP 1-1482 A/swine/C hon buri/N IAH97712004( H 1 N 1 ) 99% Eurasian (Avian-like) 

NA 1-1383 A/swine/Chonburil05CB1 12005(H1 N1) 100% Eurasian (Avian-like) 

M 27-994 A/swine/Chonbu ri/N IAH9469/2004( Hi N 1 ) 99% Eurasian (Avian-like) 

NS 30-835 A/swine/Chon buri/N IAH9469/2004( H 1 N 1 ) 99% Classical swine 

(?1111>1Yl 4 Sequence homology "lJeJ~bb~t'l:::'YieJ'U~mm11:IJ"lJeJ~b;eJ AlduckfThailand/AY-354/08(H3N2), 
bdmmrJUbYlrJunu reference avian influenza virus 1'U GenBank 

Gene 

PB2 

PB1 

PA 

HA 

NP 

NA 

M 

NS 

Nucleotide 

positions 

10-2278 

1- 2253 

5-2166 

1-1739 

8-1504 

1-1411 

1-978 

10-871 

Virus with highest degree of homology 

A/ducklZhejiang/11 12000(H5N1 

A/red-necked stintlAustralia/4/2004(H4N8)) 

A/spot-billed duck/Korea/53712008(H6N 1) 

A/Pigeon/Nanchang/9-058/2000(H3N3) 

A/garganey/SanJiang/160/2006(H5N2) 

A/mallard/Xuyi/10/2005(H5N2) 

A/ducklMongolia/54/200 1(H5N2) 

A/AnasquerquedulalAstrakhan/3091 12002(H4 N8) 

Nucleotide 

identity (%) 

96% 

97% 

99% 

94% 

97% 

97% 

99% 

99% 

Influenza 

virus lineage 

Avian 

Avian 

Avian 

Avian 

Avian 

Avian 

Avian 

Avian 
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d:!:f.J::ri 2 n1d&i(ilL~eJ11.:r""UUflm::m 

'Un m:::rn bb~:::nldi~ n~lJ"r1~ ~ ~h'l 
I 

1. nld~~<lielVll'l-'hflJ'Unm:::rn~ll~el~<lim.:BelHvrr~1vHU'1l'il~'hh'Ubbd.J~ltl-W'UTI H3N2 bL~:::L.:BelHwr~lV1ru 
~ 	 q ~ ~ 

~ .. 
~m~tlYmli H1N1 

q • 

l~~~<li el~lflJ'Un m:::"r11~iJlld:::l@l nldll~ el~ I1i m.:Bell,yvrr~lVl qj bb~::: b.:Bel lJ1~3'U"J ~ ri elldfll 'U'Un 

m:::rn ~lf:IJ~@l~l1iell~bbri ~TflJ1W~'.JVll~eh.J"r1 el.J ~.JLih~lflJ~iJnT'H~tI.J'Unm:::"r11~iJd:::tJtJ:IJ1~d~I'U 
LW:::LtJm~lfmltllVlru~~~lulld:::b"r1l'1l"r1t1 

~ . 
2. nld~:lJLntJ~'leltil.Jb~el~'innunm:::"r11 bVl el~dT~j:::~tJ bbelU@1tJel~~-Jtli~ Hemagglutination inhibition 

• 
, A' 

(HI) ~m'1l'el H3N2 LL~::: H1N1 

'l~~:IJ bntJL~ el~unm:::"r11 (n= 10) ~iJ ell tJlld::::IJl ru. 4-5 ~1l~1~ ~.JLtJ'U,"Jil.J €II tJ'lJ €!.Jun m:::"r11~~::: 

Hl'U.JI'UiitJd'~ln~lflJ~.J n~TJ 'illntf'U~dl~Vlld:::~tJ LL€!U@ltJ el~~l tJl~ Hemagglutination inhibition (HI) 

<lim.:BelHVll~un'1l'il~l:JJduLLd.J~ltl-WUTI H3N2 LL~:::L.:B€!'l,yVll~1Vlrui.1'mi.1'ltJ-WUTI H 1 N 1 e-I~nld~nMI~tJ';h 
~ 9 	 .... q 9 

un m:::rn LVI cild''l:JJiJ LLel'U@ltJ el~<li €I L.:B elrr.J ~El.J ~l tJ-WUTI LLi.1'~.J1~LV;u1lunm:::"r11'il1 nYhf:IJ~.J n ci1'11:JJ Lfl tI• 
~wr~m'%El1tJ b.:BEl'l11i.1'rr.J i.1'el.J~1 tI-WUTIdl:IJrr.J111~lfl.jju ~.Jtf'U~.J~dll'l~ll ~I:lJ1dfllb'Un m:::rn'ill n~lf:IJ 
~.JnciTl:lJll '1l'1U,'lIUlitl'l~wffu~ Elu<li Ellll 

3. 	l~1tJ:IJ i.1'm'U~L~tI.Jbb~:::"r1~ ~€!tJL.:B€!lUun m:::rn 

'l~L~1t1:IJ i.1'rll'U~ L~tI.Jun m:::"r11 rn ~El.J bttJ.J ~~1"r1~ ~€!.J fl ru.:::~~l bb ~"r1 tJm~~f 'ilWI ~.Jmrn• 
:lJVlllYl tJl ~tJ l~ tJ'ibun m::: "r11~ iJ ell tJlld::::IJ1 rn 2-3 ~1l ~l~ :IJl b~ tJ.J <li €!ri~el.J~.J n cill Lvi el1l1tJ ~m~un 

q 

m :::rn ri elW(ll nld"r1~~ el.J 

'l~L~1tJ:IJ~el.J1l~tJ""@lnldll~eJ~b.:Bel'hm~d:::~tJ 3 (BSL3) rn flrn:::~l§mb~YltJmi.1'~f ~WI~.Jmrn 
:lJVlll"r1tJl~tJ t~tI~el.Jll~u@lnl'J~:::llj:::n€!tJ<1illJ animal isolators ~lmu 2 Lfl~el.J Biosafety cabinet 

~lmu 1 Lfl~el.J ~.J btJu~el,'lll~lJ""@l nlj~:iJml:IJ~fel:IJ ~lVl1tJ nlj"r1~ ~ellJnlj@l~ b.:Bel 'l,y'V\1~1VI qjl U 'Unm:::rn 

4. 	nTl1~\.:Belb1~luunm:::Yll 
unm:::Yll&uu €!11J 5 ~1l~1~ ~1'Ul'U 65 ~l LlltJ~leltil.JL~€!~~lnun~I'Ul'U 10 ~l Lvi€!(j]jl~

~ • 	 q 

j::: ~lJllel'U@ltJeJ~<1iltilTI- Hemagglutination inhibition (HI) ~m.:Bel H3N2 U~::: H1N1 'Un~bVl~el~:::@1~ 
VI:IJlIJL~"lJllj:::~I~l~'lJ1 bb~:::flmL'Li"b1J'U 3 nGi:IJ (n~:IJ~::: 15 ~1) ~IWrtJn~:IJ~ 3 bb~::: 4 (n~:IJ~::: 5 ~l)

'U <I 9 	 " 9 

~.JI1iElllld' 
nci:IJ~ 1 nci:IJ1'IKl:geJHW'r~'Un"ll'u~lI.JJml ·l.J H3N2 (dkH3N2) .. 	 . 
n~:IJ~ 2 nci:IJ1~L:gelH'V\1~1V1ru~m H1N1 (swH1N1) 

9 	 q 9q" 

n~:IJ~ 3 n~:IJ contact birds l'lffini!llnld~~~m~el H3N2 ~lnunl'Un~:lJ~ 1 (cH3N2) 
• 	 q q 

nGi:lJ~ 4 n~:IJ contact birds l'lffini!llnlj@l~<lim.:Bel H1N1 ~ln'Unl'Un~:IJ~ 2 (cH1N1) , 	 , . 
nci:IJYi 5 nci:lJmlJfl:IJ~tJ (NEG)

q 	 , , 

mailto:l'lffini!llnlj@l~<lim.:Bel
mailto:t~tI~el.Jll~u@lnl'J~:::llj:::n�!tJ<1illJ
mailto:l~L~1tJ:IJ~el.J1l~tJ""@lnldll~eJ~b.:Bel'hm~d:::~tJ
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• 


1l1,"il1 m~liL~eJ"lTr,mri,"nm::<mnhJ,"D1£J 5 iilmi ru. ieJ~1.l1i1J1imnl&H)flL~eJU'ln£J~1m'Vf'j::f11J 3 
QI q q ~ 

(BSL3) 
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i\lLn~8lmJ'Yl1\lfl~'Un 5~JlmJiJltJ LL~::5~JlmJ~ltJ l'Utl::flf\l'Y1nl'ULu'Umn 7 l'U~t\ll~rU
• 

L~El YlUil'Unm::'Yl1'Y1nn~:lJY\l~ruL~ElJl:IJCi\l'Unm::'Yl1Yhu'U contact birds iT\lfl\lUn~ LL~::l1iYlumJlhu 

~1 tJ~'UCi\l1'Ut'f~111 tJ'lJEl\lmJ'Y1~tltl\l (l'U~ 7) El cil\llJn~l:IJYluil'Unm::'Yl1U1\l~ll'Un ~:IJ~Mru L~El1-ir~l<1l 
'Un"lf~<1l11iJ'UbLJ\l H3N2 LLtl::Jl:IJCi\l'Unm::'Yl1~LU'U contact birds 'lJEl.Jl1r~n~:IJ~\ln~11LL~<1l.JEllmJ'Yl1.J 
J::: UU'Yl1,')L~'UmuhLLuul1iJ'UlbJ"l~lbri ijli'l:IJn (nasal discharge) 1'U'lJrn:::Y\'Unm::'Yl11'Un~:IJ~1~ruL~El1-ir 

• 'lJ • 

'VIl<1l1~rut'fm HiNi Jl:IJCi\l'Unm:::'Yl1~Lu'U contact birds l1iLLt'f<1l.JEllmJ'Yl1\lfl~~m'U~'U~<1lmJ'Y1<1ltltl\l 
~ . . 


(l$ilJl.JYJ 5) 

Hi Ni LLtl:::'Unm:::'Yl1Y\LtJ'U contact birds 

(n=i5) 

2 n~:lJ1'IXL~El1-ir~1<1l1'V1ru~m HiN1 (n=15)
q ~ q 

, J:' 
3 n~:IJ contact birds 'lJEl.JL"lfEl H3N2 (n=5) 

, J:' 
4 n~:IJ contact birds "lHl.JL"lfEl HiN1 (n=5) 

5 n~:lJmUfl:IJtlu (n=15) 
q • 

0/15 

4/5 (mild nasal discharge) 

0/5 

0/15 

• =No. of birds showed clinical signs I total of inoculated birds. 
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1. t:.liil'Yll.:l macroscopic lesions 

t n'l!l-rn:::1fl Lit1f1"lJ fl.:l'Un m:::'Yll'VI t.:ll~H1.J L';fll1~~'I"l1.Jll 1fl Lit1f1 ~1'U1'VI q!'I"l1.J~1:::1.J1.J 
'Yll.:lL~'U'VI1Lih~.:ll~LLri mild to severe lung congestion, mild tracheitis LLiil:::~1:::1.J1.J'Yll.:lL~'U 

fll'VIld~.:ll~LLri mild to severe congestion at serosal surface of duodenum and upper 

jejunum 'Ufl mnnttLLtl iJ.:l'l"lUll ~.:l11liimwil1ruiliil.:l Lnfl LmLiu L -nLiU nu n ~:lJmum.J iilU tt?1 LI'Un.. . . 
m:::'Yll~l~~u L;flli'V\'1t?1'Un"lfil,~ l:1.i1'ULL1.:l H3N2 'I"lUllii1flLlhm'ULLd.:lnlln~:IJ~l~~UL;flli 
'V\'1~1'VIq! ~m H 1 N1 LLiil:::'Unm:::'Yll~Llh contact birds fl cil.:lii,:rLl~lT1ry'Yl1.:l~n~ (p < 0.05) 

'UflmnnttiJ-:l'l"lUll'Unm:::'Yll~l~~UL;flH'V\'1~'Un'lfil,~l:1.idmm H3N2 ll:::'I"lUdfl!..ltdm'U~-:ll'U~ 7• 
'VIt\lnl11iL;fl tt?1L1ll:::'I-~Udfl!..lhf1~1:::UU'Yll-:lL~'Ufll'VI111'U1'U~ 7 'VIt-:lnl11iL;fld'Uu1-:lnlll'Ul'U~• 
3 LLiil::: 5 'VIt.:lnldliL;Elmh.:lii,:rLl~lT1ry'Yll-:l~n~ (p < 0.05) (m'l"l~ 2 LLiil:::@1111-:l~ 6) 

(Wl"':i"'\l~ 6 LL~~-:lfilL:u.~!..I (mean) 'llfl.:lfil score 'llfl.:ldflLlhfl'Y1l\l macroscopic LLiil:::~l'Ul'U'Unm:::'Yll~iidfl!..l 

hf1'Yll.:l macroscopic 'VIt-:ll~~UL;ElH'VI1@1'l.l.n'lfil,@11:1.i~mm H3N2 L;flli'V\'1~1'V1q!~m H1N1 LLiil:::'Un 

m:::'Yll~LiJ'U contact birds 

Macroscopic lesions 

n~:lJYi nl'lYlGHH1J Lung congestion Intestinal congestion 

3DPI 5DPI 7DPI 3DPI 5DPI 7DPI 

n~:ul~A'tlHvr'J~'U.n"1!ii,~lli 
(n=5) 

1.0"· 

(n=5) 

0.8• 
(n=5) 

1.0 
a 

(n=5) 

0 

(n=5) 

0 

(n=5) 

1.0· 

2 

3 

4 

1mLJ~ H3N2 (n=15) 

n~:JJ1,;A'tlHvr'J~1v\Oj~m H1Nl, ~ , 

(n=15) 

n~:u contact birds '1Jtl~Llltl, 
H3N2 (n=5) 

n~:u contact birds '1Jtl ~Llltl 

5/5 

o.l 
2/5 

NO 

NO 

4/5 

Db 

0/5 

NO 

NO 

5/5 

0.2
c 

1/5 

0.6 
b 

3/5 

0.2 
b 

0/5 

0 

0/5 

NO 

NO 

0/5 

0 

0/5 

NO 

NO 

5/5 

0.2 
b 

0/5 

0.8 
a 

4/5 

0.2 
b 

H1Nl (n=5) 115 1/5 

5 n~:JJmu~:JJmJ (n=15) Db Db Dc 0 0 Db 

0/5 0/5 0/5 0/5 0/5 0/5 

= Means of macroscopic lesion scoring 


= No. of birds found lesions I total no. of necropsy birds 


= Not determined 


Different superscript letters indicate statislical difference (p<0.05) among groups for each OPt. 

mailto:VIt-:ll~~UL;ElH'VI1@1'l.l.n'lfil,@11:1.i~mm
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d ... ... .1 ... ".,... .( "I "'... A "_1
1l1,"f1 2 t'ln~m:'Y11.:1 macroscopic lesions 'tlB.:I911Bu1.:1"1n'l4nm::m'VIt'l,'l Lf111mm L'tlWJf1'14n-,r'l4f11.11 

1'14bb~.:I H3N2 b;1B':U'VI'rf1\'VI fli Hm H1N1 bba::'I4nm::m~btl'14 contact birds • "tl • 

,.,J f: "'7"""".1'7 .... '" "7'mum 1: )"EJEU)"f1r11.1 macroscopic lesions !lEJ\1Unn)"~1'IUI.1 ~)"Vt!fEJ !I'wmun!fU~ ,JJ)'UUH 

H3N2 

• Severe lung congestion Intestinal congestion 

,.,J f: ... ., ....... .1'.,..,..,'1 ' 

n6!,JJrI 2: ''WIU)"f1r1111 macroscopic lesions VEJI1Unn)"~1J1i6ll1,wru'!1EJ'VJli1f"JlifJJ'1n'i H1N1 

Mild lung congestion Mild intestinal congestion 

, .,J f: 'I ' 
n6l,JJrI 3: 'HW,)"f1r1111 macroscopic lesions VfJI1Unn)"::rI1mn6l,JJfl1UfI,JJ6IU 

Nonnallung Nonnal intestine 

http:L'tlWJf1'14n-,r'l4f11.11
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2. t:-J~m\l~~'WtIlTI1m.n (microscropic lesions) , 
'ibGl1mh\lriEl~:lJ 1..lEl~ V;'lh :Ul:lJ GltJ~El'it 1~ GltJ R:lJEl\lll~::~lU :lJl<nd1~m\l~~'Wt.nTI, 

1'1"1 till~ El~trn'!!fnc:~~~1..ln~"lJ El\llifm~ El 'WtJ11dEl LI hflm\l~ ~'W LIlTI1'Yl LIl'WtJ:lJ1 n~ri El~:lJ turbinate" , 
bone 1..lEl~ u~::~lli ~\ll<jlLLri slightly tracheitis with infiltration of inflammatory cells in the 

submucosa, deciliation and sloughing of epithelial cells in trachea, mild to moderate bronchitis 

and peribronchiolar cuffing characterized by infiltration of inflammatory cells surrounding the 

bronchioles, mild to moderate diffuse pulmonary congestion and hemorrhage LL~:: mild to 

moderate duodenitis with inflammatory cells infiltration fi'l'itEllLI 1::3'it'WtJdEl LIhfll<jlUEl rJ'I.'11Ell:JJ 

'WtJdElLIhflL~L1 l<jluri mild congestion and hemorrhage in the kidney and the pancreas lL~:: 

mild hepatic congestion t~ LI C?l ~ El<ll nld'l"1~ ~ El\l'VI t\ll<jl1tJ L ;El'WtJ11'itn nd::m~1<jl1tJ l;Ell,r'VI1~mn 
'l5ii,~l:JJd'itUd\l H3N2 ijdElLlhm'itlmn11nri:lJ~M11Jl;Ell,r'VI1~lmuRnd H1 N1 lL~::'itnm::m~L1J'it 

'i 'i ~ .... 'I 

contact birds El Ul\1ijULI~l~,!!'Yll\l RO~ (p < 0.05) 'itElmlnitrr\l'W'lJ11hw'itnnd::m~1<jl1tJl ;El1'll 

'VIl~'itn'l5ii,<Ill:JJdmld\l H3N2 ll~::'itn nd::'Yll~1<jl1tJl;El1,i'VIlcn1'VI ruRnd H 1 N 1 ~::'WtJdElLIhfll'itl'it~ 
, v , 

7 'V\tr\lmdlV;'l;El'l'itlld\ln111'itl'it~ 3 lL~:: 5 'V\t\lmdl~l;ElElUl\lij,rLl~l~rum\lRO~ (p < 0.05), ~ 

(\911'll\l~ 7 LL~:: 8 u~::m'W~ 3) 

tbGl1 El Ul\lY] El iil:lJ 1..l El<ll V;'1h :Ul:lJ G1tJ ~El'it 1,\91 GltJ ~:lJ El\l lliil::~lli :lJl'tll immunostaining <jl1 LI 

Influenza A specific antibody l .vjEl<llnld~~~'lJ El\lllEl'it~L~'it'lJEl\l111Rl'itlifm~m.vj mlR~\I ~\lnld~cn 
" 

l;El (infectivity) 'lJEl\lb1~1'itlifm~El 'WtJ11iinlJ(jicn~'lJEl\lUEl'it~L~'it'lJEl\l111~1'it macrophage h 
~lUfi'l'it duodenum 'lJEl\l'itnnd::'Yll~1<jl1tJl;El1,i'V\lcn'itn'l5ii,<Ill :lh'ituJ\I H3N2 (m'W~ 4) fi'l'it'itn, 
nd::m~1<jl1tJl;El1,i'VI1~1'VI ruRnd H 1 N 1 LL~::'itn nd::'Yll~d'J'it contact birdsl:JJ'WtJnld(ji~~'lJ El\l 

~ . 

http:itlifm~m.vj
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1Pl111\l~ 7 ~G'lYl1\l:;)~'WfJlTI1YlrJ1"l1eJ\ltr)rn:::mrJlu"lleJ\lunm:::Yl1~t\l1~-r1Jb;tlHw)<nun"lfU<nhh-UbbJ\I 

H3N2 L;eJ1"JJ'Vr)<nl~nhmJ H1N1 LLG'l:::unm:::Yl1~dJu contact birds 
~ . 

n~~ "i1U"::L5u~ DPI Tr Lu H Sp P K L B D 

n~1JliL;g'1lH'VI1~"'n 3 4/5 515 2/5 015 3/5 515 3/5 015 1/5
• 	 , 

'lfit'il1li1"'LL"i ~ H3N2 
a 

5 515 515 2/5 1/5 1/5 2/5 3/5 015 2/5 

7 515 515 2/5 1/5 515 515 3/5 015 515 

2 n~1J1.i\:fi1lH 3 3/5 515 015 2/5 015 515 4/5 015 015 

Vll~lV1nhm'l H1N1" 5 3/5 4/5 015 1/5 015 4/5 1/5 015 015 
~ , 

7 515 515 015 1/5 1/5 4/5 115 0/5 2/5 

3 n~1J contact birds 7 1/5 5/5 0/5 1/5 015 3/5 5/5 015 1/5, 
"r " "lJ8~L'llEl H3N2 

4 n~1J contact birds 	 7 3/5 515 0/5 1/5 015 515 1/5 015 2/5, 
"r b 

"lJ1l~I'll1l H1 N1 

5 n~1Jm1J~1J"1J" 	 3 0/5 0/5 1/5 015 015 015 0/5 0/5 0/5 

5 0/5 0/5 0/5 1/5 015 0/5 0/5 0/5 0/5 

7 015 015 0/5 015 015 2/5 1/5 0/5 0/5 

Day of post inoculation 

No. 01 birds lound lesions I total No. 01 necropsy birds 

Tr trachea, Lu lung, H heart, Sp spleen, P pancreas, K kidney, L liver, B brain, 0 duodenum 

Different superscript letters indicate statistical difference (p<0.05) among groups. 

<n111\l~ 8 bb~<n\lf1lbU~rJ (mean) 'lltl\lf1l score 'lltl\lJuuhflYl1\1:;)G'l'WfJlTI1YltJl'lltl\lrieJG'l:IJ UeJ<nLL~:::thU''lleJ\I, 
unm:::Yl1~t\l1~-r1H;eJHw)<nun"lfU<n1~JUbbJ\I H3N2 L;eJHw)<nl~ni~m H1N1 u~:::'U,nm:::Yl1~dJu 

~ .• 

contact birds 


. 	 '" mHJ 11[)~:::L~HJ~ 	 Trachea Lung Duodenum
• 

8 a an~:lJ1'lKbieJHW)<nun"lfU<n1l-iJ'U,LLJ\I 1.27 1.0 0.8 

H3N2 
b a c 

2 n~:lJl'IKb;tlHW)<nl~ni~m H1N1 1.0 0.93 0.26 
~ .• 

, .J' c 	 b 
3 n~:IJ contact birds 'lltl\lL"lfeJ H3N2 0.2 1.0' 0.4

• 
.J' c b 

4 n~:lJ contact birds 'lleJ\lL"lfeJ H1N1 0.6 1.0· OA
• 

OC Ob OC5 n~:lJflT\JfI:IJ~1J 

Different superscriplletters indicate statistical difference (p<0.05) among groups. 
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1l1'ftrl3 in'htm::'Y11.:J microscopic lesions 'lJ€l.:Jt11€l!.h,'j~1n'Unm:'Yl1'\1\i.:J'tiTIJL-i€l'.,jwrf1'Un'lfitf1Ui':i'ULL':i,'j• 
H3N2 LblM::L,r€l11iwrf1t'\l\qJ~m H1N1 

Mcxlerate tracheitis with influx of inflammatory cells within the submucosa (arrow) 

Mcxlerate bronchitis and peribrochiolar cuffing (arrow) 

Mcxlerate enteritis with inflammatory cells infiltration (arrow) 
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1l1'nfi 4 in'btm::m~iifl~ fHbLEI'I4iiL,;)WIJ £J.:J'1i'al'l4L'I4~1'~ EI.:J'I4nn~'I'11YhfiwL;lEl,,y'VI1fl'l4n'1l'itfl'11 
~'I4bb~" H3N2• 

Viral antigen in macrophages in intestinal epithelium of a quail infected with duck H3N2 (arru.v) 

• 
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l!-11.'lm1;;imnrmU1.'l~U~mJl·Jfi.'{ 

~1T~~lm1Jl ru11~i.'{~U1.'lW1U~8 LI1'U,'Yl81.'l1JU1.'l::'li8\1Yn11"h1J LW1 mbi18rJl \I 'ill n'Yl tl 1.'l1JlL1.'l::'litl.JYnI1 

111J'illnn~1J 1-5, 1JllY11::ULlm~tl (virus isolation) LL1.'l::~lm1Jlrn'lHJ\lL~a (virus titration) 1'U, MOCK cells 

LW1 LlY1u'h n~1J'U,n m::'Yll~l~~Ul:Btll'll~1W1'U,n'1!itW11l.hmlJ.J H3N2 iim11l1.'l~U~aL1b~i.'{tltln1Jl1 'U,'Yl81.'l1J1'U,• • 
m1Jlrn~1Jlnn ·-.hLL1.'l::m'U,nl1n~1J'U,nm::'Y1l~1~~uL:Btll'll~1W11mUi.'{nJ H 1 N1 L~ LlY1Ull n~1J'U,nm::'Yll~

q <;II q q 

l~~uL~tll'll~l~1~rui.'{m H1 N1 iim11l1.'lW1U~ tl Lll1~i.'{tlan1Jl1 'U,'Yla1.'l1Jh1l11Jl rn~~ILL1.'l::iimJll1.'lW1ll ~eW 
~ . 

11~i.'{aan1Jl1'U,1'U,~ 4 n\ll'U,~ 7 ~~\lm11'lKL:Ba 1'U,'Jj rn::~n~1J'U,nm::'Y1l~l~~uL:Bal'll~l~'U,n'1!itW1hiJ'U,LlJ.J. , 
H3N2 iim1u1.'lW1u~tltJb~i.'{tl8n1Jlt'U,m1JlrnmmL1.'l::iinl1u1.'lW1u~aLll1~b1'8an1Jl~\lLL~1'U,1'U,~ 1 n.Jl'U,~ 5 

~~\I nl11'lKL:Ba ~.Jn~1J'U,nm::Y11~l~~m:Btll'll~1W1'U,n'jjitW11:IJJULL1\1 H3N2 'il::U 1.'lW11l ~aLI b~b1'a an1Jl
• • 

1l11Jlrnb1'\lnl1'U,nm::'Y1l~1~~uL:Bal'll~1W11~rui.'{m H1N1 LL1.'l::'U,nm::'Yll~LiJ'U, contact birds tlrJl\lii 
'\J ~ , 

ULI~If1ru'Y1l\li.'{(l~ (p < 0.05) (mY1~ 5) 'U,an'illn;:tY1ul1n~1J'U,nm::Y111~~ul~ai.'ll~1W1'U,n'1!it~i.:IJ·mLlJ\I 
~ , . 

H3N2 LL1.'l::n~1J'U,nm::'Y1l~l~~uL:Ba1'll~1W11mUb1'm, ~ . H 1 N1 b1'11JlJrltl1.'l~U~eWl1~i.'{atln1Jl'Yl1\l'litl.JYnI1 
111Jl~ 'U,U11Jl rn~l LL1.'l::l:JJiiml1J LL~ n~I\lnUtl rJl.JiiuLI ~1f1ru'Y1l\lb1'(l~ (mY1~ 6) &il'U,un m::'Y1l~L1Ju 

contact birds J.Jb1'a\ln~1Ji.'{11Jl1rlU1.'lW1U~E)rJl1~b1'e:Je:Jn1Jl'Yl1\l'Yla1.'l1Jl~'U,lu~ 2 ~~.JnlJML:Ba (~111\l~ 9), 

Cil111"rj 9 t-J1.'lnl1U1.'lW1U~aLli.Tfb1'1Jl1'U,'Yitl1.'l 1JLL1.'l::'lia\lYnI1111J'JJa\lUnm::'Yll~~.JM~UL:Be:JH~lW1'U,n'1!it~ 
1:JJ1'U,LL1\1 H3N2 L:B81'll~1W11V1rui.'{m H1N1LL1.'l ::'U, nm::'Yll~dJ'U, contact birds . ~ . 

• 

Virus 

dkH3N2 

Group 

Infected 

Swab 

TS 
c 

1 DPl
b 

. 
2.5-3.5 

f 
(3/5) 

2 DPI 

0.5-2 .5 

(3/5) 

Virus isolation 

3 DPI 4 DPI 

366 0.5-3.33 

(1/5) (2/5) 

S DPI 

3.0 

(1/5) 

6 DPI 

0 

(0/5) 

7 DPI 

0 

(0/5) 

3DPI 

0 

(0/5) 

HI titer 

SDPI 

. 
0 

(0/5) 

7 DPI 

0 

(0/5) 

CS 
d 

0.5 0 0.5-1.33 0 0 0 0 

(1/5) (0/5) (2/5) (0/5) (0/5) (0/5) (0/5) 

Contact TS N09 
0.5-1 .0 NO 0 NO NO NO 0 0 0 

(2/5) (0/5) (0/5) (0/5) (0/5) 

CS NO 0 NO 0 NO NO NO 

(0/5) (0/5) 

swH1N1 Infected TS 0 0 0 0.5 0.5 0.5 0.5 
h 

10-20 10-20 10 

(0/5) (0/5) (0/5) (1/5) (1/5) (1/5) (1/5) (3/5) (5/5) (3/5) 

CS 0 0 0.5 05 3.0 0 0 

(0/5) (0/5) (2/5) (1/5) (1 /5) (0/5) (0/5) 

Contact TS NO 0.5 NO 0 NO NO NO NO NO 10 

(1/5) (0/5) (4/5 ) 

CS NO 0 NO 0 NO NO NO 

(0/5) (0/5) 

a Range HI titer of the sera 

b Day of post inoculation 

c.d Virus titer determined from tracheal and cloacal swab fluid 

e Range virus titer expressed as log,o TCIDsolmi of swab fluid 
r 

No. of positive samples/total number of tested samples 

9 Not determined, h Range HI titer of the sera against homologous virus 
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1l1~ft 5 LL~U[dJ bbRfh'jn1nJ~fltl ~ EI tl1"J'rR~.n1u'YiEi ~1I"JJ EI "un m::'Y11'V1 i,,1fiThi LifEl1'iiWlfl'l.4n"lfitfl't1J~Ubb~\I 
qJ • 

H3N2 L~E11'1i'VIlfll'VIq)~m H1N1 bL!il::unm::'Y11~LtJU contact birds 

Tracheal swab titration 

3.5 

a 
3 

E 
0 2.5
11\ -

0 

~ 
0 2 .... 

tI.O 
.!2 

1.5... ..QI 

:;; 
III 1 
:::J... 
:> 

0.5 

b b b 0 III 

2 3 

l 


• dkH3N2 

. swHINl 

• Contact swHINl 

• Contact dk H3N2 

l l r 
5 6 7 

Day of post inoculation (OPI) 

• Different letters indicate statistical difference (p<O.05) among groups for each DPI. Error bars 

indicate standard deviation of virus titers. 
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n'lfift 6 11~'WlijLJ."fl,m1~1.Jafl1.J~ fl tJ11i''':IJ1 t lI.'lffl..:J'Y111m:JJ'tJ fl..:JlI.nn~fl1'V1 i..'l1fii'tJ 1 ,}fl11iwlflll.mrUfl 'W.. 
~lI.bb~..1 H3N2 b'}!]1'1i'Wltlt'VI oi"m H1N1 bblil::lI.nm::f11~btJlI. contact birds . .~ . 

Cloacal swab titration 
• 


2.5 

-E 2 
....... 

0 
II) 

C 

~ 1.S 
0 

oD . dkH3N2 
0 

... 
C1.I 

1 . swHINl 

.~... • ContactswHlNl 

'" ::l... 0.5:> 
• Contact dkH3N2 

0 

2 3 5 6 

Day of post inoculation (DPI) 

• There are no statistical differences (p<0.05) among groups for each DPI. Error bars indicate 

standard deviation of virus titers. 

A .. 

m~lfl~1::'VI~liIm1flt1Ii1!]..:J 

11.J~[J'UbiimJfi1b\\~[J (mean) ~liInl'~1.Jliltl1.Jcifl[J11'~·R~1.r1::'VI·h;jbbfilil::mhJ.r1[J1n one way, 
analysis of variance (ANOVA) LJ.a::n.J1[J'U1 fitJ'Ufi11\\~[J (mean) ~t'lfi1 score 'tJ!]..11eWb-afl fl1..1VW 1 fi1 'm.J1 

1::'VI11..:Jn~:JJfi1r.J11i non-parametric Wilcoxon I Kruskal-Wallis Tests (Rank Sums) It1r.JH JMP 5.1 , 
software (SAS Institute, Cary, North Carolina) ~m1:JJLI91mh..1!]tl1..1ihrr.J\nfi'Qlfl1..:Jlffiii~1::tl'Um1:JJ 
l~flltll. p < 0.05 
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unm::::Yl1:fjwn:mnIJTHldJu1e:l~i7l~ln~n.JlunTH..J~<l111r~~n~~:lJ'lJfl.Jl:Hfl1ojJ'V\')~l'V\ni']jU~lfl~ltl
~ v 

vYU~~l.J <J1~ liifl.J~lnunm::::Yl111~flmJ~~l:Hfl1ojJ'V\')~uml~::::1ojJ'V\')~lm!l,!m (Makarova et aI., 2003) 

Jl:lJlr.J:fj~lru~'ihl'Y'n::::~flbr~rt.J~fl.J']jU~ (Wan and Perez, 2006) ~.J:lJ1flm~~l:Hfl1ojJw)~uml~::::H'V\')~ 
l'V\ni~m~::::ln~mJ~~l:Hm'lrfl:lJnuluunm::::Yl1ll~::::ln~mJll~nlLl~t1u~lJvYU1imJ:lJnu1~ ~.J~~liln~mJ v , , 

~~~ flojJl:lJ1Ll tJ.J~~l'hU~~U1~ fl ~l.J1In ~l:lJ1J~~uumJ~nMlml:lJ11~ flmJ~~ l:Hflll~:::: ~nMru,::::rm'Y'l t1lTI, 
l'Y1[Jl'lJfl.Jl:HflHw)~un']jU~1:1hmlJ.Jll~::::l:HflHw)~l'V\ni~mihhuluttfltl .Jlulitld~.J:W.Jlttu~~::::~nMl'V\l 

q ... q 'I 

ml:lJ~lmJfllumJJfl.JrumJ~~l:Hml~::::ml:lJ~mJn1umJU'Y'l1m::::~ltl'lJfl.Jl:HflHw1~1'V\r!l~:fj~Ur'hlU~ 
~lmtJ~ll~::::~mluunm::::Yl1 1~wiilnMl~ln~nMru,::::m.J'Y'ltilTI1'Y1t1l mJ~~~ml~::::U'Y'l1m::::~lm:Hfl Jl:lJt1.J, 

lV1 f1LlJ::::~.J~'lJ fl.J mJyh mwnl~llml::::~'V\li,'h<l1uvYU1imJ:lJri flU vYu1imJ:lJ~ l'V\~ fl'lJ fl.JL :Hfl1ojJ, , , 
'V\l~1'V\ni~m H1N1 bl~::::l:HflH'V\l~un']jU~l:WJmlJ.J H3N2 LyjmtJumJflutJu~mhlU~'lJfl.J~uriflu~l.J61

III q 'I J 

ll:lJl~l n~mll~:::: ~rnllJmn:lJ ~l~U 1~ [J ~~ mJrnJl~llml::::~'V\l ~l<l1uvYu1inJJ:lJ'Y'lull11r~~b1U, , 
mJ~nMlrt-J~e:J-J']jU~:fj~m~l n~mu~:::: ~rnllJ nrnl:lJ~<k-J ~:lJ:lJ~ ~lU1l , '" 

~lnmJiilnMlml:lJ11'lJe:J-Jun m :::: m~e:JmJ~~b~e:JlojJ'V\l~un']jU~1:UJulLJ-J H3N2 ll~::::l:HLl1ojJ, 
'V\l~1'V\ni~m H1 N1 'Y'lUlll:He:J11r~rt-J~e:J-Ji>n[JvYu£~l:lJlJfll~:lJ'ihulUluum::::m1~u~:::::fjmJLl~~Ll~fltl

v , , 

l~fl e:J e:JnmYl1.JYl1.J l~U'I'll tJ h lb~::::m-J l~UEll'V\lJ1~ t1un~::::l:u bb~~.J Ell mJlh tJrnl tJ ~.J ~fl~f1 iKfl.JnU.JlUlitJ 

ri flU'V\ttl~Y'lUllunm::::m~l:lJlJflLl~~Ll~ fl m:Hfl1ojJ'V\l~un']jU~l:UJulbJ.J~ltJvYU£ H1-H 15 Jl:lJn.Jb:Hfl1ojJ, , 
'V\l~1'V\ru~m~ltJvYu£ H1N1, H1N2 bb~:::: H3N2 1~t11:Ubb~~.JfllmJm.JfI~Un (Makarova et aI., 2003) 

v , , 

Ufl n~lndun m::::Yl1 ~lmJflLl ~~Ll ~ e:J tJ 11r~1~ tJ:lJl nfl fln:lJlYl1.JJ::::uum.J l~U'I'll tIh <l1.Jtt'u~'h uwt.i.J~:fj mJ 

b~:lJ;JlUlU'lJ fl.J 11r~rt-J ~fl.J ~l tJvYu£1U un m::::m~:::: fl ~~J::::uum.J l~U'I'll tIh~.JfI iKl tJfI~.J nu'lJ fl.J ~rnlb~tJ.J, ~ 

~n~l[JU:lJ bl~iiml:lJbbrnn~l-J~lnRrnllJn']jU~~u<Jl'liu d:J~ umil ~c;1lbl'V\'t.i.JmJb~:lJ;Jlmu'lJfl-Jl1r~
'\l 

H'V\l~1'V\ru']jit~lfl~::::e:J~~J::::uum-Jb~mn'V\lJltJU~lU:lJln (Webster et aI., 1978) ~.J~~mJLl~~Ll~fl[J 
v " 

11r~~-Jn~ll~fl~f1iKfl.JnumJ'Y'lU~lrU U-2,3 linkage sialic acid Lb~::::<l11rU U-2,6 linkage sialic acid ~ 
U1Llru,Yifl~mb~::::Llfl~'lJe:J.Junm::::Yl1 (Yu et ai, 2011) mJ~nMlflr.Jd'Y'lUllunm::::Yl1:fjml:lJl1~flmJ~~ 
L~flH'V\l~un']jU~11:UJmm H3N2 :lJlnnllb:He:J1ojJ'V\l~1'V\ru~m H1N1 biifl.J~lnunm::::m:fjmJLl~~Ll~fltJ

, v , 

b:Hfll1r~H'V\l~un']jU~l:IJJuLm H3N2 e:Je:Jn:lJlm.Jm.Jb~u'V\ltJh1um:lJlru,~:lJlnnllL:Hfl1ojJ'V\l~1'V\ru~m, v, 
H1N1 fl~l-J:fjumh~Q1m.J~D~ (P<G.05) ue:Jn~lnd~lnmJ~b:Hfl1ojJ'V\l~1'V\r!l,!m H1N1 ~l:lJlJm~:lJ 
;JlU1U1uun m::::m1~ n-JLb:JJll~::::iJ mJLl ~~Ll ~ fl tJl1r~e:J e:J n:klllULl1:lJl rn~l e:Jl~:fjml:lJ btJU1Lll~~b:He:JlojJ 

'V\l~un']j~~l:UJubm H3N2 u~::::b:HfllojJ'V\l~1'V\ru~m H1N1 ~::::~l:lJlJmn~mJ~~b:He:J'Y'lffl:lJnuluunm::::Yl1 
, v , 

Lb~::::dl~mJbL~mLl~tJu~lJvYmJnJJ:lJ nu1~ blJu~'t.il~.Hnrnll b:He:J lojJ'V\l~1'V\ru~m H1 N1 ~>\.b:lJl1'111U, v, 
mJ~nMlflf-JdiJ~lJvYU1imJ:lJriflu1u (internal genes) :lJl~ll1~rnllJn (avian origin), ~-Jfll~buwlifl 
MbmtJuyh1ib:He:J<l1-J n~ll~l:lJlJm~:lJ;Jlmulu~rnllJ n1~ ~.J~~ mJ'Y1~ ~ e:J.J~.Jn~ll~fl~f1 iKfl-JnmlulitJ 

'lJe:J-J Makarova bb~::::f1rn:::: (2003) bL~:::: Perez bb~::::f1ru,:::: (2003) e:J~l.Jhnrnlmiie:J-J~lnunm::::mLl~~Ll~e:JtJ 
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L~8HVI-)<il1vmjGfm H1N1 88nml'Ummrn~~'m1lL~81.·li\!\-)<il'Un'l!U<il1.:!J1mL1.J H3N2 mn LLGf<il.JliLV;'U 
~ • q 

o.JfI11:IJ'ihLiJ'U~L~8~.J n~ll~8.Jli n11tJ11J~1'V11mtJ~ rJ'ULLtJ ~.J~n'M-rn::'Yll.J.w'U'llnJ1:IJLvl e)1ilin11Lyj:IJ• 
91 I 'U'm1'U'Un m:::'Yll1.~mil.JlitJ1::~'YlTIm'Wm n,]'U 'U8 mn nd-;)l n n11~'1.:!J~I:lJl1n<fi11-;)'I"l1J L:E8l'iT'VI-)<ilbVI qj 

Gfm H1N1 'illnrimnJ"lJ8.J'Unm::'Ylll'U-)'U~ 1 O.J-)'U~ 3 'VI~.Jnl11iL:E8 81'ilLii8.Jm-;)ln'Unm::'Yll81-;)linl'l• 
tJ~<iltJ~ewl11Gf88nm1mn:IJ1 rn~~,mn'il'U1:!JGflm1n<il11-;)'I"l1Jl~~ltJ1TI virus titration 'VI1881'ilLn<fi'illn 

'Un m:::'Yll ii nl1tJ ~<iltJ ~ 8 tJl11Gf8 8nm LlJwlfl.J"J 'ill n ~H'l nl1~n'M-lnl1G1<il~ 8 LLI.'1:::nl1LL'I"l~m::-;)1 rJ"lJ8.JL:E8'1.'iT 

'VI-)IYI'Un'l!UlYll:!J1'ULLJ.J H3N2 LL~::L~8H'VI-)~1'V1bUGfnJ H1N11'U'Unm:::'Yll 'I"l1J1lL:E8-rt.JGf8.JGflrJ.wWITGfl:lJl1n 
q QJ q q 

G11Y1~81tJrJ.J'Unm::'Yll~LlJ'U contact bird 1Jl.J~11.~1'U-)'U~ 2 'VI~.Jn111iL:E8 ~.J~l.'1nl1'YlIYI~8.J~1~lifl11:IJ 
Gf8IY1fl~8.Jn1J~l.'1nl1~m~I"lJ8.J Liu LLI.'1:::f1rn:: (2003) 'I"l1JllL:E8H'VI-)<il'Un'l!U<il1:!J1'ULL1.J H3N2 ~LLrJnl~'illn• 
I.ri Gflm1nG1IY1~81.tJrJ.J'Unm::'Yll~LU'U contact bird 1.~ LLI.'1:::~l.'1nl1~n'M-l"lJ8.J Perez LLI.'1:::flrn:: (2003a) 

'I"l1J1lL:E81'iT'VI-)IYI'UnGflrJ.w'UTI H9 ~Lwnl~'illmlJlYI ~I:lJl1rlG1<il~81.tJrJ·mnm::'Yll~LU'U contact bird 1.~• 
eHil.Jhn~I:IJ~l.'1nl1'Yl<il1.'18.J~.Jn~lliifl11:IJLL<fin~l.JnU~I.'1n11~n'M-I"lJ8.J Makarova LLI.'1:::f1rn::: (2003) ~ 
'I"lU1lL:E8li'VI-)<fi'Un'l!U~13J1'ULL1-,l H3N8 LLI.'1:::L118HW)<illmUGfm H'I N1 1:!JGflm1blG1IY1~8 ltJ rJ.J'Un m:::'Yll~ 

• ~ q 

LU'U contact bird 1~ 

91, n~ 1.'1 nl1ff.JLn<fi81nl1'Yll.Jf1I.'1'Un ellYl11nl1ihrJ LLI.'1:::elml nl1<fil rJ 'I"lU1l'Un m::'Yll'Yl ,nn~:lJYi, 
1~1'U b~811:IJO.J'Un m:::'Yll~ L lJ'U contact birds rJ.JmtJn~LLI.'1:::1:!J'I"lunl1ihrJmrJ'il'Uo.J-)'UGf<fiYlI rJ"lJ8.Jn11

•
d .::::I. ........... .:S 


'Yl~1.'18.J'Jj.J:lJf111:IJ~8~f11.'18.Jn'U~l.'1nl1~n1jl"lJeJ.J Makarova LLI.'1:::f1rn::: (2003), Liu LLI.'1:::f1rn::: (2003) LLI.'1:: 

Perez LLI.'1:::flrn::: (2003) 'U8n'illnd~n1jrn:::1eJ rJ hfl"lJ 8.J'Unm:::'Yll'VI~.J1.~1uL~81.11~'WU1l 1eJ rJ hfl ~h'Ul'V1qj 
'I"l1J~1::1J1J'Yll.Jb~'U'VII rJ h LLI.'1:::1:::U'U'Yll.J b~'UeJl'VI11"lJ 8-,l'Un m:::'Yll ~.J LlJ'U8-)tJl ::~li n1111 rJ.Jl'U 11 LlJ'UeJ-)tJl:: 

LL1n (primary site) ~L118H'VI-)<il'Un'l!UIYI1.:!J1'ULL1.Jhl'Unl1Lyj:IJ911'U1'U1'Uff<illtJn (Mo et aI., 1997; Spickler
• 

~ 

et aI., 2008; Swayne, 1997) ~l.'1nl1~n'M-liilifl11:IJ~eJ<ilf1~8.JnU~l.'1nl1~m~I"lJeJ.J Nili LLI.'1::f1rn::: (2007) 

'I"lU1lL~8l'iT'VI-)~mn'l!UIYl1:!J1'ULL1.J H9N2 Gfl:lJl1rl1111 iLil<il18tJ11f1~1:::UU'Yll.JL~'U'VI1 rJh"lJeJ.J'Unm:::'Yll~
• 

1.~1'Ub~8 I.~LLri moderate-to-severe lung hemorrhage LLI.'1::: infiltration of inOammatory cells in the lung 

8 til.J I.1n <fil:IJU 'iI'iIl1'UrJ.J I.:!J li n11~ n l'fl n11G1 IYI ~"lJ 8.J1tJ1~'U"lJ eJ.J l11Gf1'UL d8 L~ eJ L~ 8 LLGfIYl.J O.J nI1G11Y1 L~8, 
(infectivity) "lJ 8.J 1.11Gf1'UL deJ L~ 81'U'Un nJ:::'Yll~1.~1'U L;eJI.'iT'VI-)IYI'Un'l!U<ilhh'ULL1.J LLI.'1::: L;8I. i'VI-)IYIGfnJ 1 'U 

• q 

nl1~nl'flf1f.Jd'I"lU1lli nl1~1YI~"lJ eJ.J1tJ1~'U"lJ 8.J b1~1'U macrophage h~ll~~l'U duodenum "lJ8.J'Un 

nJ:::'Yll~1~1UL~81'iT'VI-)<il'Un'l!,"<il1:!J1'Uu1-,l H3N2 "lJrn:::~nU~l.'1nl1~nl'fl"lJ8.J Jeong bbl.'1:::f1rn::: (2009) 'I"l'U 
q 

nl1~1YI~"lJ eJ.J ltJ1~'U"lJeJ.Jl11~h parenchyma cells l'UeJ-)rJl::~I.J "J"lJeJ.J'UnnJ::'Yll~1~1UL;8 l.i'VI-)IYI'Un'l!UIYI 

J'ULL1.J H5N1 rJ m -)'U8-)rJl::: 1 'U1:::'U'U'Yll-,lL ~'U81'VI11 eJ til.J l1n<fil:IJ 1 'Unl1~nl'fldl.:!J'I"lu nl1~<il~"lJ8.J1tJ1~'U 
q 

"lJ 8\l1.11Gf1'U'Unm:::'Yll~1.~1Ub~eJH'VI-)<il~m ~.J ~eJ<fif1 ~eJ.Jnu~t'lnl1~n'M-lrieJ'U'VItt'~'WU111:!J'I"lUn11G1<il~ 
q 

'lJ8\lltJ1~'U"lJ8.Jl.l1~1'U~<fi11Jn~M1uL:E8H'VI-)<pmn'l!UIYII.:!J1mL1\l (Mo et aI., 1997; Mutinelli et aI., 2003;• 
Pillai et aI., 2010; Pillai et aI., 2008) 'illn~iilnl1~nl'fl~nl'frn:::'Yll\l'Yll-,l'l"lrJlTI1'YlrJlbbl.'1:::~t'lnl1LL~IYI\l81nl1 

'Yll.Jf1~,"nl'U'Unm::'Yll ~1~1UL~8I.iwr<il'Un'l!U<ilI.:!JJ'UbL1\l H3N2 LL~::L:E8I.i'VI-)<il1mUGfnJ H1 N1 'iI:::LV;'Ul~
q v q 

11'Unm:::'Yll~1~1UL;81.11~-rt.J~eJ.J~lm~'U'fi l <il rJb'u:m::b;eJl.i'VI-)<ill'VIbu~m H 1 N1 1.:!J'I"lUnl1ih tJ<ill tJ'VI18 
q ~ q 

LL~<il\l8l nl1'Yll\lfl ~Un 11:IJ O.J 1:!J'I"lUnl1&l<il~"lJ 8;)1tJ1~'U"lJ eJ\l1.11Gf1'U8-)tJl:::~I.J"J eJ til\ll.1n<fiI:IJ~I:lJl1fl<$l1191 

Ylm:::~'ULL8'U~'U8(;i~m;81.i'VI-)<il1'V1ru~m H1N1 M~.JLL~-)'U~ 3 'VI~.Jnl11iL~eJ ti\lueJn1Ilinl1~<ill;8
v q 

http:nl1~nl'flf1f.Jd
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111b1'i~ n~11lUUnm:::'Yl1lL~ dJUn1":i~~l~eJ~hjdmld~~Uih1~i~lllb1'(§)~ eJl mdYn~f1~Un (subclinical, 
infection) mh~1dn~l:JJhjb1'lmd[1(§)dl'il~1Jd:::itJ llElU~tJEl~~m~El1i'V\'r(§)un'lfu(§)1lJdubbd~ H3N2luun, 
m:::Yn~1~1tJl~El1i J~~unm:::Ynn~:IJ~1~1tJb~El1i'Vr)(§)un'lfu(§)llJdulld~ H3N2 iimd1.JG!~1l~ElrJl11b1', . 
El eJ n:JJTYl1~d:::tJtJYn~ l~'U 'V11 rJ h 1mnm ill~fi eJUil~ b1'~blG!:::~tJlliideJ rJ1dflYn~~ rJ1151'Yl rJ11un m:::Ynn ~:JJ" , 
~~ n~11 ~~b1'eJ~f1~eJ~nml'Ul~!.Jri eJ'U'V\,zl~~dl~hj~1Jd::;itJ lleJ'U@1U El~~ eJ b~eJliw)(§)'Un 1 'UdJ(§)'Yl~ G! eJ;J 

(Kida et aI., 1980) J~deJl~ltieJ~m~lnmd~dl~'V\lllEl'U~tJeJ~1u~t:JJi~ltJmilrJlli HI ,x'Uiiml:JJ11~1 
biieJ~m~lnml:lJ'V\G!ln'V\G!lrJ"lJeJ~ IgY (Warr et aI., 1995) llG!:::eJ1~ltieJ~m~lnmdhYl:iJ~b~eJ~ll~~~lnlrilu 
mdih HI l~ El(§)dl~'V\ld:::itJbbElU@1tJeJ~~m~El1i'V\'r~'Un ltiEl~~lniidl rJ~l'UllU'U~ll:iJ~b~eJ~ll~\I~ln1riii 

'3l11tJJ~ CX-2,3 linkage sialic acid bbG!::: CX-2,6 linkage sialic acid 1'U"lJ ill:::.yj~lb:iJ~l~ El~ll~~~l nlri~l\lii 

ll~'3l11tJJ~ U-2,3 linkage sialic acid (Suzuki et aI., 2000) ihl~b:iJ(§)l~El(§)bL!fi~1ri\ll\liiml:JJ11l'Umd 
ml'il'V\ld:::'3lUbbEl'U~tJEl~~m~El1i'V\l!fi'Unmnnllb:iJ!fib~El~ll~\l1ri b1'El(§)f1~El~ntJn1d'Yl~&1El\l"lJEl~ Humberd 

bb&1:::mu,::: (2006) ~~~Uiln1d~dl~'V\ld:::iUlLEl'U~tJ El~~ m~El1i'VIl(§)'Un~1 rJlli HI l!firJhYb:iJ~l~eJ(§)bb~~1ri 
\Jl\ll'U ring-necked pheasants bb&1::: chukar partridges 1~r,mmnmnniln1dlib:iJ(§)l~El(§)lL(§)\l1ri l~tJdl:lJ 

n1d~m~lf1f,'jd~uil b~El1i'VIl(§)'Un'lfU~1lJd'Ubm H3N2 vb1~Lf1~deJrJhflYn~~ rJl151'YlrJll'U'UnYn~1~1tJ• 

"inm,j&1md~m~lml:JJ11"lJEl~'Unm:::YnGlElmd~~l~El1i'V\l(§)'Un"llu~1lJdmLd~ H3N2 lLG!:::L~El1i, 
'Vil~1mUb1'm H1 N1 '.ll:lJn.J ~m}m:::Yn\l'Yl1~~ rJ1151'YlrJ1 n1d~(§)Gl mW:::llYlim:::~l tJb ~El b1''lttJa''U'UtJ'Yl1J1'Yl 

v • , 

mdl1J'Ul"a'~'3l1nG!1.J"lJEl.J'Unm:::Ynl'UmdC-J~(§)111a'~nC-Ja':lJ"lJ El~b~ElH'V\l~1'VI C1!'lfU~ LElb1'l LI~'U~Gll\1 ")1~ ~\l 
ijml:lJb1J'U11l1~~l:%ElH'VIl(§)'Un'lfu(§)1lJd'Ubbd\l H3N2 bb&1:::L:%El1i'VIl~l'V1nia'm H1 N1 'il:::b1'lmdmn(§)md~~

, v , 

L1iEl~fEl:lJ rl'U1'U'Un m:::Yl1uG!::: Ln(§) m'.lbL&1 n L 1..l~rJ'Ua'ld~mmdd:lJ rl'U1~ '3l.J,x'UmdiJ mdbt:lld:::l.J Lb&1:::'Y1l ~ldl~, 
m'.l~(§)L:%El11fb1'1i'V\l(§)1'VIni'lfU~ bEll'U'Unm:::YnEl rh\lGlEl btiEl.J b~m1J'Um'.l&1~hma'mdbn~111b1'a'l!.J~'UTI 

v , 

1'VIlJ~iimlmmLd\lLb&1:::ii1El m a''Y1ll~Ln(§)mdd:::1J1~f1f\ll 'VI niGl eJ 11..l 
, v 

.. 




26 

1m,j nl11'iltJdL~Yh nl1Iilmrrl.nml:IJ~1:lJl1r11 'Unl118,j1U nl1~~ l;fimL~::m1:IJ l:fl:lJl 'Jrl1Unl'J 

Ll'I"r:im::'ill tJ'll 8,jl;fi8H'VI1~1'VI ru~iilliurhi\,~~n mlJ~ Ll~::l:fm1'Uunm::Yn ~"e..l~~l~'ill nnl1lilmnl'iltJ'll 8,1
v q 

'1 .t. I'll ... ~ .t 
b~1"n1'JUl:f1lJ b~~,j'U 

q 

e..l ~ n111'iltJ~f,jdl~~m!l-lml:IJ'l1'll €J,jun m::Yn~ €J nl1~~l;fi€Jli'VI1~1'VI ru 2 l:fl tJ~uti ?'i €Jl;fi 8 
v q 

H'VI1~un"l!i\,~hhull1,j H3N2 LL~::L;fi€Jl'1l'VI1~l'V1rul:fm Hi Ni 'Y'IUi1L;fi€Jld1l:f~,jl:f8,j~1:lJl1m~:IJ'il1ulu1~ 
q v q 

lu um::Yn Ll~::unm::Yn l:fl:lJl1r1tl~~tl~ 8 tJl11l:f 1~ tJ:lJl n €J €J nmYn,j1::UlJ'Y11,j L&1U'V\1 tJh 
- e..l ~ n11ff"ln~ €J1 nld'Yll"~ ~i\,n 5<il11n11th tJ LL~::5<il11 n11~1 tJ 'Wu'h 

un m:::Yn~1.1li1u L;fi8 iJ €J1 n11tl n ~ LL~::1.~ 'Y'IU n11th tJ~11 tJ'il'Un,j l'U~~'I'11 tJ'll 8,1 n11Yi ~ ~ €J,j
q 

~ d 
(lUYi 7) 


un m:::YnlJl,j~11'Un ~:IJ~'lIli-rUl;8 '1'1l'VI1<YIun"l!i\,~'l~'Julm H3N2 lL~::111J n,j'Unm:::Yn~

q , 

llJU contact birds 'll €J,j 'll-rl:fn ~:IJ~,j n~11 lLl:f~" €J1 nl1Yn,j1:::UUYn,jL~U 'VI 1 tJ h llUU'l~, 
1Ulm Muri iiJ1:IJn (nasal discharge) 
, '\J 

- r-J ~ n11~'Jl'ilYi1,j'V'W1TIll~:::'il ~ <Y'W1TI 'Y'IUi1 
q 

un m:::Yn~1.Ili-rUl;fi€J'l'1l'VI1~un"l!i\,~1~1ullJ,j H3N2 'Y'IUilii18tJ 1 1~m,j'Y'ltJ1TI'JUllJ,jni1
, q 

n~1J~'lIli-ruL;8'l'1l'VI1~1'V1ru~m
q v q 

HiN1 l l ~ :: 'Unm::Yn~llJ'U contact birds oU l ,jii 

'!ttJ~lf1C!!Yn,jl:fn~ (p < 0.05) 

unm::Yn~1.Ili-rUl;fi€J1i'VI1~'Un"l!i\,~'l~Julm H3N2 iiJ€JtJ h~Yn,j'il~'Y'ItJ11j1ulm nl1 
, , q 

n~:IJ~'lIli-rul;fi€J1.i'VI1~1'V1ru~nJ HiN1 ll~:::unm:::'YI1~llJu contact birds 8U1"ii 
, v , 

'!ttJ~lf1C!!Yn,jl:fn~ (p < 0.05) 


deW hflYn,j'il~'Y'ItJ1TI1YitJl'Y'1U:lJln~ l'i€J~:IJ turbinate bone tl€J~ ll~:::~l'lff ~lU1)lr.JJ:::~U

q 

'Y'IlJJ8tJ11fl'l1li,x€JtJ'VI~8'l~'Y'IlJJ8tJhm~ tJ 

r-J ~ nl1~Jl'il n11~~ l;fi 8 b-rl:fllil tJl~ immunostaining til 8 Innuenza A specific antibody 

'Y'IUlliJn1J~~~'ll8,j1tlJ&iu'll8"b-rl:f'll8Wll~~ macrophage 1U~l'lfft'hu duodenum 

'll Ej,jun m:::YnriM1u l ;fi81.'1l'VI1~un"l!i\,~'l~JmlJ,j H3N2 
q 

- r-J~nlJlilmnnlJtl~~tl~8tJ'l1-rl:f 'Y'IUll 

unm:::'YI1~'lIli-rUL;OH'VI1~'Un"l!i\,~'l~JUlb 'J;) H3N2 iin1Jtl~~tl ~8 tJ'l1-r~€J8n:lJl'lwyi 8, 
~:lJ1u'iHm rnrimnni1u~:::U1'Unl1n~:lJunm:::Yn~11li-rul;fi81'1l'VI1~l'V1ru~m H 1 N1 

, v q 

unm::Ynr\'lIli-rUl;fi€J 1'1l'VI1~un"1li\,~l~JullJ,j H3N2 '1l:::tl ~~tl iii mJb-r~8 8 n:lJlU1:lJl rnl:f,j 
q '\J 

nilunm::Ynr\1<1HUl;fi8H'V\')~1'V1ru~m Hi N1 lb~:::unm:::Ynr\llJu contact birds 8Ul,j
v q 
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"t v "t 	 "t 

l'V1ru~m H1 N1 ~lmJm.yj:IJ';'hm'Ull~:::ri8h~l'U'Unm:::'Ylll~ y'hliii18m~~'iJ:::lil~rnJ~~l~8'\Alf8:IJn'Ub
~ , 

'Unm:::'Yllll~:::8l'iJln~mJll~nlu~rJ'U~lJ~'UllmJ:lJn'Ul~ 'U8mlnd~lmJn'\,i.l~~rnJl~rJm!lIu in vivo, 
quail influenza A virus infection model l~8h1'UnlJ~mfll~rJloj)''VI1~1'V1qj']ju~l8~lw~h.J 6) ~lmJmi.l 
oj)' eJ:IJ ~ 1~ rJJl :IJ~l~mUJ::: n eJurnJll.J u~'UmU~:lJD eJ.J n'UnlJJ:::Ul~"lJ 8.J l~81oj)''VI1~1'VI ru']jU~ l8~.J1'U" , ~ 
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