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l'IH) n'HY'lffl'U fl'U tJllLllH'lH)'VlfH) ~ mfl~mfll':i I '\)ULllV ~ 'Ufl'U ~V'VllJV~ILl'U IllJ (l~'Yn'Vi~'U1. . . 
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1':ifl flnftflEi lUij i~ m.h ~ bH flrwt> ftflEJ l'U'Vl'Ul'Vl'U t> ~ b1~ {l~ tJ~ 1'U ':i:t'U 1~ l'VltJl'U t>~l~tl 
" 

1 lrbY;fI'U fl'U tJl 1 ~tJYilfll ':i ftflEJ 1"[ 1 r bY91fl'W fl'W tJlt 'U OJ:t IIbYl~ tl~ 'Ut>~ b1~ l'1Jf1lW:t b1~ {1~V~ (l fl~ltJ 
~ q Q Q cu 

" . 
'U lJ 1 ~v1'l1(l fll rlll n:t 'Vi'U "l lJ elfl ~ 'U b1~ {'Vl~ (l fJ;j ~'WI I'U 'U Yi 1fll ':i Q~l~t>lJ r bY91f1 'U fl 'W tJ 1bY 1 tJi'U ~Yi 

~ cu q q Q 

':i:t'U1~l'Wi.h:tI'Vlftl'Vlul'UtJ 'V'l.ft . 25 53 (Thailand 2010 strain) IW:tbYltJl-r'U~~\fltJ':i:tUl~h.Jlh ~ I'Vlft. 
1 '\IW 1'W t>~~~~I~'UI~t>m~':i ~ l'U ell ~ B~ (Rossi 186 stmi n) l1i'n'U b1~ {'Vl~ (It> ~1'Uill mU! ~ll~n~l~ 
'" 1 0 .Q ~ tq Q..< Q 4 (1 9 'J) Q..r ~ Q..< tI 

n'U ~tJ'Vllm'H~~I'lftl n':ibY'\ll'Ul'U 10, 10 lln:t 10 
8 

ClDso ~'Vifl'U'Vi\J 
"I
!1JCJjm~ 4 lln~ 6 bYlJ~l'Vi 

'Vi ~~ '\l1 n tT'U Yil fll ':i I '\l1:t I ~ tl~ '\) lfl'Vi 'U 'Vl fli'U 1~'U IIn 1 7 i'U lln :t Yil fll ':i Q~ l ~tl "[ J ~bY~l'U J'U 
OJ • 

8 9'VQ.I lrl d C.I if (0.1 ~ 0 ~ If) tS cv d 
10 ClD~o ~'Vifl'U'Vi\J !lJCJjtll~ 2 bYtl~l'Vi 'Vin;j'\lln'U'U'VllfllJ l '\ll:tlnt>~'\lln11\J !lJCJj'YJn 1 'Ultl'Ul1nl 

5i'U TIll1~'U1'W~fl'lntT'U Yilfll ':i Q ~ I~D 'h~TIJ;jbH);jbY1V'VY'Ui ~l'U l 'U 10',10
4 

, Id' U Cl ~ 10SClDsli 

l1i'n'UClfl"[nmv 51'U 'Vi~;j'\llmr'UYilm':iI'Ul ~ !~tl~'illnnnln'Vln1'U!~'UnCll 71'W fllJ~jJ'illi1l~tlcu Q 'U q 

. "'1"'1 1' '>'=Q..J 'd<l..' Q/J':ibY 'U~ltlUl~CJj':ilJ'Vl~'l1lJ~'il:t 'lfJ1i reverse transcription polymerase chain reaction (RT-PCR) 
v v • iI v 

'\llnmJftflEil1h~'UI~tll'Ufn :t l!bYl ~ u~'UD;j'\1w"llJelftllV 2 llCl:t 4 ~tl~lri Yi "1~~'UltUtll1~ml~bYtl:j
'" . 

bYltJi'Ui~l'Ul'U log CID,o 1~U'V'l'Ul1'fi\l '11JelfDl~ 4 b1tl~lri lrit>1~~'UI~tll1~bYJ~bYD~mUl'rwiil :t 
v . v v • v 

'l'1'U1 ~tll 'U m:t II bYl~ tl~ t'W V;j 3 1 1.1 11~:j 'ill nVi 1~~wtU tll'lt] It.A'W 1'U 'Vi 'U 11J 91Yi 1 ~~ 'U! ~ tl bY1 U1Aj'U ~ '" . 

" .'" .. '" 1 ~ 1.::19) 1 '" "" 'V'l'U1i Thailand 2010 j)~'V'l'UI'lfD 'Um:tl!m(ltJ~tHJ'VlJtlVCl ~ 90, 100 UCl :t 67 'U l 'U'Vl I , 2 1 1Cl~ 3. ... 
. " 

'Vi~~'UlflYi 119i'~'UltUtl~llJrlwl'U 
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Abstract 


Chikungunya virus (CHIKV) is a pathogen that causes an illness in humans and mosquito 

is an insect vector for this virus. Aim of this study is to study roles of domestic animals in the 

epidemiology of this virus. Chikungunya virus infection in avian and mammal were studied by 

using baby chickens and mice as model animals. Two strains of CH I K V were used in this study; 

Thailand 2010 and Ross/ 186 strain (reference strain). Different amount ofCHIKV was inoculated 

to the tested animals by needle injection . 10
4

• Id' and 10
8 

CID;o of CHIKV was inoculated to 

four- and six -week-old mice. Blood was collccted and tested for virus for seven days. IO
s

CID;o of 

CHIKV was inoculated to two-week-old mice. Blood was collected and tested for virus for five 

2 4 6 8
days. For the baby chickens, 10 , 10 , 10 and 10 CI D,o of CH IK V was inoculated to fi ve-cl ay-old 

baby chickens. Blood was collected and tes ted 1'01' virus for seven days. Serum snmples were 

tested for CHIKV by rcverse transcri ption polymerase clwin renetion (RT-PCR). CHIKV were 

only found in t\\'o- and four-week-old mice that were inoculated with 10RC ID;u ofCHIKV. Virus 

was found for three days in four-week-old mice after inoculation. The percentage of Ross/ 186 

strain of CHIKV in four-week-old mice were 60. 100 Cln J 60 o/., on clay 1,2 and 3 post injection 

(PI) , respectively. The percentage of Thailand 2010 strain ofCHIKV in four-week-olct mice were 

80, 80 and 60 % on day I, 2 and 3 PI. respectively. The percentage of Ross/ 186 strnin of CHI K V 

in two-week-old mice were 100, 100. SO, 83 and 100 % on day I, 2, 3, 4 and 5 PI. respectively. 

The percentage of Thailand 2010 strain ofCHIKV in two-week-old mice were 90,100 ancl67 'Yo 

on day 1,2 and 3 PI, res pectively. 
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. " 
\9l1'Jl~Yi 5 0l'J\9l'J1'iJ111l91D lJ~~~fl'Uf)'WUllum;:;Ub'l'l~D~'lJD;jClf)'lomu 5 1'W 

q <II q,J q 
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'U'YI'\h 

h fl ~~1~B~'W 'IJ h.J fl'U Ir(1 ~ ~1?l1J\.J b'l'llJl'HHn~ 'illfH~B~ 1-:)'1 lJlfllJ lVl1 m v~i4 ~ 1 ~!!n 
l~n'n !! 'IJ flli{~ v hh 11?l ctld 11 'U B'U 'W Vl ~ !! ~ ~ 1 d~ b'I' 1'j fl ~ ~ I~ tl'IJ 1'1 ~iJ~liJ'U 1'j fl tl,y~l 111.1• 
(emerging infectious disease) ~'1~tlh fl~ ill Ifl VJJfll'j 'j ~'Ul~lJlnB'W1'U~'W~J'U 1 'j fl~~1~tl'Ul'1 
'lIij~!iJ'U hmJ'llil~l (re-emerging infectious disease) ~'1~tl hfl~!flVJJfll'j'j~'Ul~lJlntl'Ul'Utl~1?l 

v • ~ ~ 

!!~I~mv1 D'illflV1'Wlitr'Ul.Jll.J!!~d !l~'1~ml'IJlJl'j~'Ul~111 llll.J U'il 'il,yl.J!l~~1'U'Ul'1fl~ '1 'l'm111 'j f1JJ• 
mllJ~l.J!lHl,llfl~l.J fll'j~~~tJ'Utl'1 hfl~l.:j'l m ril~ tJ l'il!n~'illnfll'j ~~~tll~vI?lH'j~1111.:j~ihv 
11~tl~~11hv 11~tltll'il~~~tll~vtllftvmJ~.:j'Wll1~tJ1 hfl (a11hropod borne diseases) !llJM'W111~ 

tJ1 hfl~lJfld1lJ fflflWlJlfl ~ tl V'1 ~'1 b'l'1l,ll'j tl'W'l/l~~11D 'j llJi.:JD 'j:!;! 'I'lfll 'VlV !~tl~JJ V'1!iJl.J'WW1~ 
u • • 

.dd 0 '" "I II] II] 'J} , If II] '" '" If II] '" 
'I'llJfl11lJbl1flOJ b'U b'l'lV b~!!n !'litl !l'jb'l'b'I'lJtJ.:Jtln!bl'IJ (Japanese encephalitis virus) l'liD !d'jbl 

III 'J} '" '" " 11 '" "" !'lJmB~tJtJn (Dengue virus 1,2 , 3 !W:!; 4) !!r1~!~tJ 1'jb'l'~fJ'UfJl.JV1 (Chikungunya virus, CHIKY) 

'U tlfl'illflci!!~dV.:JlJ '1 d~b'l'Bn1fiJ~l1~'1~.:j ~~111iJl.J bl1!11\P,l'IJtl.:j h fle,J'llilll1ll1 l.J11 nlV'l ~'U ~ 1l.J h n 

11 ~ tlll.J 'IJ 1.:J ~l.J ~ fi ~~ 11! iJ 'U 1 'j fI tl tJ~~1~ lJ fl11lJ 'j l.J I I 'j .:j lJ 1 n ~l.J n 111l.J tJ ~ \9) ~ tJ 11 ~b1 11 b'I' yj'll.J ~ 
q • 

" (West Nile virus) mh'1 'h fi~ llJV.:J IlllJ 'j 1V'11tAO.:Jfll'j 'j ~'Ul~'Utl'1 11~b'I'~iJ ~1.J 'hID'j:!;b'\'lfll'l'lU 

Q.I ~I d' d cl d 4J 

b'l'lU'Wl.J~m'jlJ!u'Wtl1'jID'WWbl1m~tn (single stranded RNA genome virus) U(1~lJr1nEJU!~'I'll.:J 

'J} ~I d 'J}' if ~ I1 11m'lbl'j1'1lu'U spherical Ur1~ icosahedral ~tJ:U'U'W1~!b'I'l.Jtn~tWn~1'lu'j :!; lJltu 50 - 60 l.J1 tl!lJm 

. " 
IW~liJl.Jl1~b'I'VllJID~tJmr:u (envelope) lh~bl'liiJ~.w~~tJ~ll.Jblf.lr1 (genus) Alph((virus tW~l'lt1 

(family) Togaviridae ~.:JlJm1lJln~l~eJ--l'UtJ'1utll.J~!'ill.J (antigenic relationship) fl'lJl1~iJ~'\.J l~ml 

ld~b'I' Mayaro, O'nyong-nyong !w :!; Semliki 
, y • , 11 

nl'j ftnEJ 1Vl H1l.J:U 111'l.J'W'IJ 11 tI'1Vl!iJ'U'W 111 :!; Vl ff1iW'IJ tJ .:J195tJ 11~ C1'~'fll.J fnA En '~11 n 
Q u q q 

'J} 0 'J}.d ~I 
Q'ln1tJ'Ull.J (Aedes aegypli) !!(1~Q'1n1t1b'1')l.J (Aedes albopictus) q'1'l'l111l.J1'1'l!ul.J biological vector 

1'jfl~fll.Jmw111~Bl'jfll.uD1~.utltJ.:j(nu h'flij'W'tJflj,:llldnll.JlJ 'l'i.fl. VlD'j~['I'lflU'l'l'WCJi1IijtJ 

• )I • ').Id"'19JQ .... IQQ ~ 
'I'lWB 11In~nl'jI'WlJu'jlJ1tu'IJtJ.:jI'lltJ (amplifying vector) 

,... iJ , 
~trlQ.ld.''I~a.i dd ,

['!itJ 'nb'l'l.Jntl bmn~Hn1! 'HJn11 

" " . 
2496 

• q • 

" Htlyj~ fll~:!; l'U BtJn U r1~11~.:j lllnUl.J 1~'W 'U m J J :!; 'IJ 1~hH!D,'I~ fll D'Wl~ tJ 1l(1 ~ 'Yi m tJD 'j ~ n'l flit..! 
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..' ,'11~ ~'iT'UtJ'U ihff)EJtl!~.yilt\91f)~ 1.:l ~1f) I1~",Vi lfltl'.i ~'lJwllJ1ntl'U1'W tl~\91 
, .

5f)EJ tl! ~ tl1 O1~Vi'W'lJ1 'U H'th vtJ'W fI~lUrl'lJ l.ut~tl\91 tltl f) u~fl11m 'Wu ~.:l 'Utl.:l 11 mYtl Vf)11 
~ q 

lJlf) t~ tl.:l ~lf)1liij O1~ t1'Utl.:l'W m'fflJ1tltlf)'Wtlf)!.ff'Wt~tl\91 ~~ lli'W'lJ H'thu~ij rJlO1 ~ ~ 'W U~.:l lJlf) ~'W~.:l 
~ q 

ijtJ1f)1~~tJfll\91vi11L1~~v~Vlmi1'Utl~t~tltb~1J1ru 1- 12 1'W u~~'W'lJl~UtlvfitJ L1~~mUj 2 - 3 

l'U l\91vl'W~~v~~ijl.u'ff.:lL1~~:lJlrul'W~ 2 - 4 ItJ'U~~v~~ij11'i'fftJvl'Wm~um~tl\91:lJlf)~.:lltJ'U
~ ~ 

d ,~", ~ ~ 0' 31 iIJ~ ~ o 'C: 'ilJo''''0

1~f)'1I'li'W 'UtllJtl 'Ufl!'VI1 tl101~u1\91'UtJ~~'W'lJ 1\91'11mv'1 'Utllu(W'W\91lU'l1'W.:l !U!~tJV'1 (migratory 

polyarthritis) tJ 101 ~ ~q'WlI~ .:llJ1f) 'il'W 'lJ l.:lfl f.:l'UV'lJ.utllli 1~ II~ tlV1.:l 1 ~ n\911lJ rJlf)1~ 'il~111Vfl1V1'W 

"'_' "~o" do' 'V <> ~ iIJ ~d 1 "'0'" ,I - 12 'ffum'l1 ~u1V'lJl.:l~lVtl1'illJrJlO1~u1\91'Ufl!f)<f1'U'W !<f1t)f)fl1V 'W 2 - 3 'ffum11\91t):lJll!'fI~'lJl.:l 
~ 

.. 
-ff1'l1 ~'lJ 01 'j ~ <f1191fJ 1'U ~\911'li'W \91 ~ 1.:l'1 ij 'j 1V.:l l'U'W'lJ 01 'j 1'ltJ'U TI hi tJ ~ 'Yll '!iJiJ~lJrl'W 1'W bll"ll'li'W <f1 

.. " 
~''!'11~Wl ~'! ~,'!m1 ~m llC1~'Wf) hlfJf)'iJ1f)tjrJ.:llJf)1':iftf)EJ101'j~<f1191Dlh1'l1\l'Yl\91C1tl'! 1<f1V'V'I'lJ11 

v .

rltlll1tn \91 'f111lJ ti\91 L1 n~ll.1 ~nEJ ru ~ 01 'j I~ 1.I 'U tl ~ '11 'U 111'11 tJf) C1 \91 ! I 'fI o;'V'l 'lJ 11"i ~ i'lJ'U D .:l191tll 'U m ~ II rr 
~ 

, • v jI I 

I~D<fl'UD ~ '11 hi ~ DhI.u 1'!'ff '!~.:l 'ffllJ 1 ':i);1~ 'il~ l~ tJ 1l11n\91 n ,) ci 1VI') tJ \91191D 'l L1 riV.:l~lJ1<fl\91I~tl\91 'illf)11l.1 "1~ 
<u 'lJ QJ q q" q" 

,.. v " 'V 

':i 1lJ'I'1.:l'ff1:lJl 'j f1'W'lJl91tJ 11.1 n ~1W{l D'U tJ;j 11 'W II C1 ~ m llJ ti\91 L1 f)~ 6(JEl;j m::: <fl m; tJt..lll.1.utl~ O~ 1,!C1 i HT1.I 
~ ~ I 

.. " 
TI\91{~l;j'1 m~ 1tj~'!t)1~lJ'lJ'Yl'lJlmhlt1J1 'W O1'j llY~1 m ~~ltJ '1JtJ'll91tJ1'W 'l.i "i) lJ'li1~1~ 

I~ tl ;j 'ill f) D11 ~1':i fI ~0 1.1 ~ !n\91 ~hi 1'W 1J'il 'il 'iThi ~ 'Vi' 11 t1'!n \91 f) 1 ) n ) ~ 'ill tJ i 111 'fI ~ L1~ 11 1tl! 'U tJ ;j. 

IIJJ (;) ;j 'W 111 ~ 1111 ) fI ~ 1-:J "1 1<fl tJ III 'W 1~ Q;j In \91 n 1 "i IL1 ~ V'W II L1 fI ~ t:l ci 1-:J JJ 1n I ~D'I JJ 1 'ill n n 1 ') ILJ ~ rJ 1...111 tl 'fI ~ 

'UtJ-1 'fffl11~111\91 ~BlJ 'lJl'!~1.I ~lJ ~'W \91 n'lin. \91 C1 t)<flI~-:J1J InCfllll1 ~ '!1hv1JmJ'! ~ 'If) ~ lrJltJ1...II!11 ~ 1 

Q/ d'~d 0 Q.I Q I ~ d.l Q.I ~ 1 c;; ~ ~ 
1'Wl~'W'U ~ 'VICfI bl1'11) 'lJQ-:J'li'U \91Cf111'1 IlJ D Q -:JI'W lJ:lJln'Ul.I m~m ~ 'il11Wl1 'U D;j! 'lit:l\911;j '1 nt'WlJ:lJl n'U'W \911JJ 

lL1~1V 1\PWV;jbl1:lJl) f1~CflI~tl~11J'VI1;jm'j CflCfII~tl<fl'f11.1'111 tl~\911~ ~ \911 ~tl l~tl~~1.u1"l tln~lJ ~n..l11...11 'U. 
, 

~ 

" .d d' Q I I 0 

qn'lI9lC1{;)'Utl.:l'VI1;JICfI'UD1'111)'ff 'J'Unrn.:l (midgut epithelial cell) !ln~Y1DJJ1...I1rnV (salivary ~Iand) 'fllJ 

cvrl.Q~ ~ . ~ ~ 
1I(l~ 'ff\911'il ~ \91\91 1'liD U 1 n'U 1rl1U'UD.:l U.:j ll.l 'U'ill~ 'VI rJ -:J\91<flW DCfI. . ~ 

fl11lJ 'ff llJl~ fIIH1::: 'f111lJ ~ ln~ 1~1'W f)1) CfI \911~ tl\91'U tl;J u ,m~ (l ~ 'li'W \91 J'W 1l\91f)1'11.:l rl1...l U-:J 'Ul ~ 
OJ' • 

11 V 'V 

'li'W<fl(P)~H~ tl\91bY\9111~U.:lIl n~1U'U JJIvl111''W U.:l 'lJ l;J'li'W\91<fl'f1!~tl\91 ~\i11tl nlYl 111''\-J 1hi 'U 1I1;;;~ U~ 1J1 ~ 'li'WCfI 
qJ ~ q co q 

(P)(P)I~ D<fl ~ 1 n ~\91 {1~ '11 (llV'li'W <fl ':i 1lJi~'f1 hi ~1 1.1 V~ '1 'W n ~ JJh 5-:J ~I lJ 1.1 1.1 .:J~lJ fl11lJ rl1rlill1'\-J n 1 11tJ'W
o:u q q q '..J 

. ". 
'W1'11~1111 ':i 'f1) ~'I111-:Jfll.Illi.'l ~ ~\911'li'W \91~ 1~ '1 1'j flVilJq-'lttJl.I 'W 111~ '\.J 11 'j fI\JltJ'W i ') fI~'ffllJl 'j ()~\91~ t) 

I 
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1 ~~ 1 till ~ ~l n'il fIl ':i ':i ~ 'lJ l'ill ~ tJ eh -:j ':i 1'ill~ 1 'Lb ~ fl tJ 'lJ n'lJ fll ':i ~ Ll ':i ~ l'Ylfl'1 'Yl tllJ ~ fll'1"1.f) lJ til fIlfl'~ 
'" 

y .l ~ , '''' 0' '" ~ .l If) '" dd cl d/
':itJ'W'lf'W9I-:jll1lJl~Uflfl1':iU'l"l':i'l"l'W~'UtJ-:j~-:j 'il-:j'W'Wl'lftJ !1':i~'YllJ~-:jltJ'W'I"I111~'iHtJli)~llJ1Hl 

U'l"l~ m~'illt1 l~l'iltl~ltl 'WtJfl'illfl~U~1t1-:j'illfl!I~~~lt'W~J'W tIl'illJfl11lJ~llJl':i tll 'W fll':i 1~'W'I"I111~'I11 
q 

0' 919'doli] Q 'JJ.l d. 0 Ii] '" "'9 Y9 Y '" 
tJ-:jflfl11lJ~ !l1lJ'Yli11lJl':itl'Wl !LlltJ'W'UtJlqjfl'l"l'W~l'W l'V'ltJ'Wl !Ll'l"lI'JJ'WlIW~Ll':i~~fl'il!'l1 !'Wfll':ilnl':i~1-:j 

Ufl~fl1'lJfllJfll':i ':i ~'l.Jl'il'UtJ-:j h fll 'W Ll ':i ~1'Ylfl'1 'Yl tI~tJ "lLl 
q 
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, , 
o Q ~v ~4:t V 

fll c.i ~1~1~H'W1 I'll UJ I'IVlH~~ fl1 c.i 1~ £J 'm fl£J 1'U t)..:j 

,J II] ... '" '" I ~I ~ II] ... d ~I
I9fV 1J';iff'lff.}'Wt1t.HJl (Chikungunya ViruS, CHIKY) ~~J1IlJ'WI9f'O nHfVHlJ'\.Hnml9J'UV~ 

hm.Ju~hl1j (emerging infectious disease) ~~I~'W hf1~'lilf1tl11f)1';i'j~ul~lJ1nv'Wl'W~'W~J'W 
~,. ~~ & d d.c::t l.c::t 

l1'jV b'jf1~1.J\9l9!l (re-emerging infectious disease) 9!~I1J'W hf1'V1If1tl1Jf)1';i'j~1.Jl~lJ1flv'Wl'We:J~\9lU\9l
I 

'~l1ltl "tl~ lfl~'W ~J'W 'W 1'W1I ~J lIvi1~m'1.J1J1';i ~1.Jl\9l1l1liit.nJ~ ~ U'WlIn ~ ! 'W 1.J 1~f1 f~~1.J ':h1'j 1'111 

~ ~lt]QI~ J'Q.I'd) Q.I~~O cv ~l.dl
f1Jl1J~'WUHlJ1fl'U'W l'l1e:J bJ';iff'l1f.}'WfJ'Wtll'W~~Jll1J'W b'jf1~U\9l9!Hnl1';iU'l.h ~ l'Vlfl' 'VIV9!~~1.J 

f11':i ':i~'Ul~mh~lJ1fl1'Wmf11~'Ue:J~'l.h~I'VIfI'1 'VI V 
" , , 

19iu 1JSn'9ff.}'W fJ'W tlll~'W11sn''Vi11 n'ltl~'W ~ m ':i 1J9fU ~ e:Jl f I~'W 1e:Jb1'lm~VJ (single-stranded 

RNA genome virus) l1CfluQi'Wn'fJ'" A/phavirus (group A arboviruses) Iln~uvJli~ Togaviridae 

'U'Wl~H~m.h:::lJ1ru 50 - 60 'WlhU1J\9l';i '~V11Sn''l1iJ~g'W'li'Wfl~1Jd 1~Un Mayaro virus, 

,J bl W d ~ c!d do')Q

O'nyong-nyong virus lIn~ Semliki virus !'l1U 1'jn''l1f.}'WfJ'WVlI1J'WI'l1e:J'VI1J~~I1J'W!l1JM~111~'W1 b'jf1 
, y v 

lCfltlnvh1til~1':if1'Vi(~ tlflll 1Hl9ff1'Wfl'WVl111 ul ':if1 1.u'th~.uvv~mtJ 1'j f1tj~'lJf1S~!I'j fl! 'WtJ 
q q q . " 

~.fl'. 2496 'Vi'l.h~l'Vlfl'lI'V1'W9!lltjtJ !lUmm\9l~i'W e:J e:Jfl u"':::m)~~1f)tJ'W1~~'lJm'j'j ~ 'lJl~l\.J!lumm 

" 
(Mackenzie et al. 200!, Thavara et al. 2009) 11Sb1'9fiJ~tjlltJ~m)f11~11J'\.J 4 lineage 1~tle:Jlr1Vf1111J 

I 0 cv & 1~ . 
U\9lf)\Pll~'Uu~mCfl'lJ I'lJn''UU-:J El envelope glycoprotein"li-:J rlllfl West African lineage, East Central 

.dI ~ 
and South African lineage , Asian lineage 1I"'~ Indian Ocean lineage "li~ Indian Ocean lineage 11J'W 

. . .
dll]~d "'w d '" 

lineage 'VI brl1.J11\9Jj'Wlm'j1Jl~lfl East Central and South African lincage "li1~'lJm'j'j~'lJlrlflj·H1 5 fl 

" " i'WD':i:::I'VIfl'lfl'WtJll'\.J1] ~. fl' . 2547 1I" ::: 1H'-:J~1f)t.T'W'M~'lJmjf)j ::: 1ntJ'U t)·:H9iultJ5~ Indian Ocean 

Islands tJ'j:::I'VIfl'B'WI~tllIn:::D'j~I'Vlfl'1'WDlimf1le:JI;V\Pl ::; 1'WEl e:J m~v-:Ji~ (Parola et a!. 2006) e:Jcil-:J"~ 
'U 

'" .... 1 9J d g; 9)

IT\9l1':i':) '.if1I'UllJ1!f1t11'UV-:JCfl1t1 (Jupp and McIntosh 1990: Turcll ct a!. 1992 : Jupp and Kemp 

o gjdd 0 ..:::icr q jJ a- Q
1996) ~.:JmV'Vl1l1'W TY1I1J'WII1Jn ~~111::;'\.Jl h fl (biological vector) 111Ve:J bl11f1~ nl 'H'V'nJ'U11mU 'UV~ 

l~tJ (amplifying vector) 'illf)nl'j~nfjl~Nl'\.J1J1~1.J';h~':)~!~'\.J~1'l1 ::: ~ [hfl1)J'Ue:J~I~V ll'i'wl ~~mtl 
Dl'\.J (Aedes aegypli) 1I(l~~~mVITTU (Aedes a/bopiclIIS)u~ucil.:Jlhn\9l11J1j'jltl.:J1'Unl j ~rll~u 1 '\.J~.:J 

. " ~ ~ 9J .c:1 Q,.I 

'l5'WrlV'\.J'l rlltl (Reiskind et al. 2008; Dubrulle et al. 2009: van den Hurk et al. 2010) '\.Je:Jfl 'il 1il'\.J V.:J 

" " ~'lJllf11~ciltl'VIUrll~tJN1'\.J~1f)tI~mtl~~I~'01D5~ '1'li '11'i' (Thavara et al. 2009)
q 

http:111::;'\.Jl
http:i'WD':i:::I'VIfl'lfl'WtJll'\.J1
http:l1liit.nJ
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!~tJ I l~bY~fJlHlWJlij W.lUJ n tJ 1 'j flrl tJ'U 'Ii\UJ1 fH!~ijfl lllJ gW! 'j ':!fl tJ'I.J .,j'l'l~l IIn III 

nB1l1'!n~fl1'j\911fJ"lJtJ 'HtihfJ mfl1'j~bYllJlHl'W'lJI~'UrrillfJ I~un f)1'jij~tJ!!~~ I.,j' u"dJf)1nh~
~ ~ 

" mlJ.,j'B~B~ 1-:1"1 mr1H~ Ill'W'lJfll'j \911(J! 'U ~ill(J~';W 1 'j fl~-:I nri l'J'u u~'W 'lJ11~ih(J~tJ~IN~UJtl'lJ 
'U .. u 

mllJ!~'lJill(J ! 'U'lJl~'j 1t1 111 bY1lJl'j tl'vl1 ~ l'U '11~ mJB~n1l1~"1 1~\911lJ,jn~ ri ~ H"~~~1'U~'Vll~ 

tfl''j'l:ljnll''lJB-:lm tJ'lJfl~l 1\91mll'Wl~mj1~t-:l!rlmr-mulm tl'lJfl~J IlJbY1lJ1 Hl'Vl1-:1 1tJ I~ '11~ mYnl~ tI'U 

~ ~l!~tJ~tl-:l"lJ 1\91~ V'UI~ tl ,Hlln III bY1lJl'j tll tJi~ vtJ I~l~ tl~ 1l1nfll1lJl~'lJthv 1 tJ rithml ~ 'W'lJ11ij.. 
'j ~~'lJ'Utl-:l I J ~bY1 'U f)'j~!!m~ tl~,j'j ~ lJl\U 1 bY,j~ 111 '11 (\~ 'illn~ I ~~'lJ l~tl 1 \91 v~ij 'j ~~'lJ"lJ tl~!~tl 

7 9 o " 

lh~lJl\U 10 - 10 copies ~tl95~lJ~ltJJ'U 1 lJfl~~I'l'j (Parola et al. 2006) !tJ'lil~nflTUf)1'j 
"'''' '" 1 0 11] ~~ .% 1 ~= 11] '" '" '" ltJ'illW 'jfl'il~bY1lJl'jtl'Yl1 ~'fI'fIJVfl1'jI'l'jJ'il'l1W15tl ~tl

'I
~'l5TIi'Vll-:l ~J'jbYJ'YlV1fltl virus isolation llfl~ 

~",x <l.' ~ do .<:::::t. I 

'W\1''iltJ!'l5tll~tltIlfl'(JTIi'Yl1~tl~'l511'YlVl !'l5'U Reverse transcription pol ymerase chain reaction (RT

~I ~ 
peR), Taqman RT-PCR Uf!~ Real-Time RT-PCR lu'Ul'ltJ (Laurent et al. 2007; Theamboonlers et 

al. 2009) ~~II~fl~n~'il~ijI'lJ1lJIl (sensitivity) ~Ul'ln~l~n'U 1l~t11'l11nHl'U'lh~n"1~~nriTJ 

lJll!~lfl1'j lii 'il Q(J h l'I~ll~'U~tl~tIlrrVtIlf)1'j "lJtJ~~lho (clinical sign) llfl~lTI 'Vll-:jqj~lJl'Yl Vl 

" (serology) 1'!5'U f)1'j'jI'l'jJ'il'\11fl1'jl'ltl'lJbY'Utl-:j'Yll-:jJJlJ~lJf)\J~tl!:j5tl 'MUrl IgM l!fl~ IgG profile 

(Grivard et al. 2007) tlcil~ I 'j ~l'lllJfl1'j lii 'ilQ(Jm'illn~I'IJ1lJ~\91'Wm'fl 'l~l~tl-:j'illn1'U'lJ l~~'U~tIl'll 
'WUfll'j 'j ~'lJ1\91"lJtl'll~tJ~'U:i JlJ~lV 1'!5'U '1.u1~tJ'fItltln 1 tJ '\Jl ~I'I f-:I til 'Il,}~'lJ 11~thvijfl1 'j ~~l~tllJ~ bY 

" 

mllJH1Ul'ltl'lJ!'Unl':ilii'llQVl'J1'I (Thallng et a1. 1975; Chahar ct al. 2009 ; Leroy ct al. 2009; 

Theamboonlers et al. 2009) 
~ " 

-ffl'l1~'U1tJtJ'j::;I'Ylfl'1'YllJi!tJl~ln~f)1'j'j~'lJl~'Utl'll:j5m)ti1.:JlJlnl'W'j::;'"dl.:J1I 'W.fI'. 2551 

2552 l~v'W'lJ rill JV~ltJ l'UlJln1'U1"lJl'lml'll~'Utl;ji.b ::; 1'Ylfl' 'Il1nfl1j ft nldl"lJtl-:j Theamboonlers l lfl ;;;.. 
'V • V V I 

fltU::; (2009) '\~'lJ111:j5tl 'vh ::; '\Jl'fl1'U'j ::; 'I111.:j1l 'W.fl'. 255 I .wlJI'IJllJl!l'ln~l-:jn'lJl:)itlVl!I'ILJj::;'lJWI 
I V V • 'j/ , 

lJlrltl'UllJtlll 'W.fl'. 2531 llfl::;1tJj::;'l111.:j1l 'W.fl'. 2538 - 2539 ll~l:)itl.wij~n'l:l\Udil'l~lVI'I~-:jn'lJl:j5tlVl 

'j~'\Jl'flitJtJ'j~I'Ylfl'~~l'IltJr ItJlI 'W .fl'. 2551 'IllmlV'I1'U"lJtl.:j-ffli!f)'j ::; 'IJl~1'YlVl f)'jlJflJ'UfllJ hl'l 
q 

49,069 (7.41/ I00,000) llf!~ 1,533 (2.41 iI 00,000) j ltJ I'lllJr11~'U 

111'11 ~'Um 'j ~~l;tl i 'U bY~1J'Uih 1V'I1'U~lJmj I'l tl'U bY'UV.:j'Yl1.:jfllJf11Jn'U 1'U ~1'l1'11 fl 1tJ'l5'W ~ 
" 

.. q 

.
lfi'lln ~'1 f11.:jfllJ 't;1m llfl~'Un (Jaffar-Bandjee et al. 2009) 'WtJn'illniju~ijmjftn'l:llm'j~'fIl:j5tlltJ 

" 'l1tJ'Yl'flM'I 1~v'W'U11ntl i l1'ln~ml1J ~'fItJ n~l 'U ~n'l:lt\.l::; m'j 1~'U 'U tl ~'I1'U 'l11'l1i! n fl'fl llf! ::; j ~ ~'lJ'Utl~ 
~ ~ 

v V. iI • 'V v 

l:)itl i tJ n'j::; II bY I~ tJ~ 'U tl ~'I1'Url tl'U.u·l'l bY.:j 'j ~ ~'lJ"lJtl-:jl:)itlVl bY ~ij bY1lJ 1 j tlVl 'Il ~ l~ tl1l1'ln'fl n 1'j ~ 1V'Yl tJ'fIl:)itl.... ~ 
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I/].I'.d "'I I/]~ ~ .J 9 ~.J "".1'" 
~ lJ 'ffV.:J'VllJl ~WH~ tJ'f11l1 f)l1 'W ~ 'fl ~ 1lJ 'Vl.:J 'ffllJl'Hl'VfUl 'litJ ! 'W fl nllJ! 'W tJ'U tJ.:J l1 'W U~ ~ f111 mWllJ O'fl'UU'l 

" q cu cu cu 

" ". 
m ~~ f)utJtJ 1'W 'litJ~ tJ~l.:j''l 'fl~ tJ'f1ll'W 'Vl'l.Jl1tJ1~'UtJ.:Jl1 \1 tT'W ii ~ ~~ tJf)l~ ~'fl!9fU 11~ 'ffl1UI'l f)~N n'W Bf) 

'JI Q,I f1'.:::::r. I ~ Q.,/' 0' 

'fl1V (Couderc et al. 2008; Ziegler et al. 2008; Couderc and Lecuit 2009) 'ff1'l1'li'W'f11'l1'l'l 'Vl.:J{T\9l1 

"" " Umm~~'fll!~V'l~f)~1v'WlJ!l1cil.w tJ1llii11'Vl'lJ1mhflru1'W f)l~ !~hH!l1ci'l ~.:J 1~f1'UtJ.:J!9fO1'U 'Ii~ ~lJ'li1~ 
~ u 

". " 
'Vll1~!f)'f1f)l~ ~\91!9ftJlJlriv.:J111 tJ'fl\91!~u'fl~l'll!'l1ci1lJ'Ulm~ tJ1llrltJ1~If)'flf)l~ ~~1Jl'fl'UtJ'l1 ~f11~

" . " " . 
f)l ~ ftmn 1'U~U.:J'tJ GU~f)l~ ~ 'lfl1llJ'ff1lJl~ 111 'U fl1 ~ ~ ~ll9ftJ 'l 'U ~l'll'liU \91~ 1'l'l 11 ~'11l1f)Vi 

1~~1Jl~O1'U ~ ~ ~1J~!l1'l f) ~ 1'1 n'U tT'Uiifl11lJ rl1flt1J lJl f) ~'1 ii f111lJ ~11~ 'U tJV1'1 t '1 ~v1O'1~ ll'I1'W f)l~ 
",. " ,.. 

ftf)'l:Jl ~ '1'1lOl.! ~ 41 'U ll'UlWUI ~ 'WIll ~ D'l;~ '111 'Vl1J 1'Vl 'U 0 '1 ~\?ll'liU 'fl ~ 1 ~ '1 l'U fl1 'J III 'U 'Vl1l1 ~ ~ 'l1l19fO 

11~bll1ii 
. 

f)l~ ~ ~11l\911 'U tJ ~ ~1'Vlfl'1 'VltJ1'U1fll~u'U 1410l~'U 
." 

f)l ~ D~G);~'1f111lJ ~lJt4''U -fi 'U O'1~1'l -hu \91~ 1~'l 

l'U 'Ii ~ ~ lJ'li1~~ OU!1ft'1'Vl tJl'U 0'11~o1tJ 'Ii ~ ~ lJ 'li1~'l 'W tJ ~ ~ I'Vlft'1 'Vl tJ 'U Ofl1l10rl0'1 'f1f111lJ ~~1~blllJ 1~ 11 
" 

o 1/]. I?I ~.J ~ '" . 1 "9 ~9 ¥.I '" 
'Ul ~ ullJ'U 'U Ol.! ~'Vl 'Uj 1'U 'J 1lJ 'Yl '1 'Vl'fJJ 'U 111 fl~ lJ ~ ~ Qfl\?l ~ 'li t tJ f)l~ IH 1~ ~1 ~ It~~f11'I.JfJ lJ f)l ~ 'i ~ 'lJ1\91'U 0 ~ 

1~ f11 'U tJ ~ ~1'Vlft'tlYl tJ~0 "1 tJ 
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~flll1'l1~~~fl'l,.Jfl'UtJl1'Um~llm~tJ~'lHl-:J11'UllJc; OCR mice) tlltJ 2 - 6 fttJ~l'" l~tJ'Yll 
Q q q" q 

<=I ~ III <V Q 0'", 'l. I III 'I ~II<V 

fl1'J~~t9ftJ !J'J{y9ffJ'U~'UtJl~ltl'\"l'U~'Vl'J~'U1~ l'Uu'J~tVlftlVltl !'Uu '\"l .ft, 2553 (Thailand 2010 strain) 

ml~t~tJ '11f{y{yltl'W'U ~~tfW'J ~'U1~1'Ulh ~tVlftlV1tJ 1 'U tJ~\9l~-:Jt~'Ut~mJW11 ~ l'UB1-:JD-:J (Rossl186 

9 ~ '" 'i <=I ~ "'<=I 0 4 8 ~,~ <V d ~ 
strain) !l1fl'lJl1~ !~tlfl11~~t9ftJVlml1'U1'U 10 - 10 CIDso !'Ul9ftJ-:JVlfl-:J'Ufl-:Jl1~ flltll1'fl-:Jfl11~~t9ftJ 

ll~11~'Yllfl11 l~fJ-:Jl1~V1~'fl fl-:J '1 n'U~ isolator ~ -:J tJ Qflltll 'U -Hfl-:JtJ BtT~ tll1 ~biJ 1DtI 1 ~ ~'lJ 3 

(Biosafety level 3 laboratory) 'U tJ -:J IJ''U v~hltJ 1'J fl ~ tT~l l1lJll (l ~ ~ tT~ ~11 'U ftWJ mu~ ft\9l1 

Il'YlVlfJftl{Y\9l{ \)Wl'fl~murlJ111iVltll~tJ ~-:JU{Y~~1'U1tJ~ I U'fl~ 2 
q <u 

'Yllfl111\)1~1~tJ~\)lfll1'UVlfll'U l'Ul'U~ I G-:Jl'U~ 7 l1~-:J\)lfl~l1'ul~~iJt~tJ t!'fl~\9l11\)111
<u q <u 


~ 9 d~ 3J .Qd ~ d 


t9ftJ !Wli'JlJ~1tJTIi reverse transcription polymerase chain reaction (RT-PCR) ~-:J'Jltl'fl~!tJt'J~U~~-:J 

hm11 l~~ I 

do'" dill v IIJ . I v 1 'Iv 
fl11t\)1~t'fltJ~\)lfll1'U\) ~ V1111(lHlfl'Yl !~1HtJl{Y'fliJl1'U !uU'fl1 ~fJ!9f Teletamine 

<u <u 

hypochloride U'fl~ Zolazepam hypochloride (Zoletil :ii', Virbac, France) l~m\)l~t~tJ\'l'illmhl\) 

Q.I I ~ d 
University Animal Care and Use Committee , Animal Use Protocol No . 1031 038) \9l1tJt'Jl'lmtJ~V1 

'l~\11'ltJiJ'Ut11~t'J-:J~mllJ!~1 3,000 H)iJ~tJ'U1Yi lthmm 10 'Ul.y] ~tJu!l1lllJ 4 tJ~ftW1ii;'l!9ilm tt'fl ~ 
q ., 
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6 ~'tJ~111 Ross/l86 10
4 

5 5 5 5 5 5 5 

6 -ff''tJ~111 Thailand 10.1 
5 5 5 5 5 5 5 

6 -ff'tl~nl1 Ross/ 186 101 
, 5 5 5 5 5 5 5 

6 -ff'tl~ll1 Thailand Id' 5 5 5 5 5 5 5 

6 -ff'tl ~ 111 Ross/186 lOs 5 5 5 5 5 5 5 

6 -ff'tl~ll1 Thailand 10' 5 5 5 5 5 5 5 

4 -ff'tl~ll1 Rossi 186 10
<I 

5 5 5 5 5 5 5 

4 ~tl~ll1 Thailand 10
4 

5 5 5 5 5 5 5 

4 -ff'tl~l11 Rossi I 86 10
6 

5 5 5 5 5 5 5 

4 -ff'tlm11 Thailand 10
6 

5 5 5 5 5 5 5 

4 -ff'tl~lM Ross/l86 10
8 

5 5 5 5 5 5 5 

4 -ff'tl~lM Thailand lOs 5 5 5 5 5 5 5 

"'tl 0'2 (Y 9i'111 Rossi 186 IOS 5 6 6 6 

2 -ff'u~ 111 Thailand lOs 10 .3 6 6 4 

" ffn'!nlJ ~r:Y~fl'W fl'W fn'11...1 m ~ Ur:Y! ~ tl~ '\J tl ·HW 'In tllV 5 1'W 1~V'VllfllJ ~ ~!;tl1-J~ r:Y 
q q ~ q 

. " 
~fl'Wn'WtIl(yltJ~\J1j~J~Ul~l'WuJ~ t~'lftl'VlVl'W1J '\tiL ft. 255.3 (Thailand 2010 strain) 1![l ~!~tll1~r:Y. . . 
r:Y1V'Yf'W ~~!flVJ ~ 111~1'WU'j ~l'Vlfl'l 'VltJ1'W tl~~~ ~ltJ'Wl;mJl~J 511'W cJH U~ (Rossll86 strai 11) I'M'f11J 

" . " 
~nlnm~ 5 1'W l~VnlJQ~I~tl~iJ~l'WTW 10~ - 108CID~o l.ulfl~llJl{lmJ~nUltlfl fl1tJ'l1~~nlJ~~ 
"" . UQ
'" g.I lit g.I 0 d 'l ' II] ~ g.I dl' '1 g.I ..." d Q '" '" 

I'1HHnn l~mfllJ1M~~n . n'Vl~"tl~ !11'W~ isolator Cjj~()~flltJ 1'W11tJ~ lJ'U~nlJ'151'WJf)(J 'i:;;~1J .3 

'\J () ~ft'\.Hrl ~V1J fl ()iJ~l11 ~ II rl:;; enr~Jll 'W -ff'~1 flUI~ ~~ 'm 'Y'l'Vl tJfl'l r:Y~{ 'ilW'lrl;J m UAlJ1111'VlVl ~V 
"lI Q <II <I 
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ci 
~l'nn/l 2 

~ IS)IOcr ~ 3J.do 0 ~ 

fll'HlIl~H'HJ~Hnf)~f) 1f)'Vlllf)tJf)l'HlIl~n'Hlf)1I1mfflJL'Hlf)f)1'lJ'H1WflO (Jugular vein) 1m:;; 
, v 

o Q,I .:::SlIJV .a 4:1 3J 3J 4 ~"l3J1 d 
'Vll f)1'W 11 w ~ 1~ 'IHl H 1 f) 'Vl I f) I'ill:;; 11;'10 fl l':i tJ'lJ ':i 0 tJ Inn f)1 HI' f) i:J llJ Ifl vn lJ f111 lJ!'\1lJ 'If 0 'lJ 

.c:S " 93JQ..Io'd. 0' 
fl W~ m Hl f) n f11'lJ fJlJ~ U1;'1 f)1 ':i 11;'1 tJ ~ lHI:;; f)1 ':i I 'If ff~ 1 m0 ~ llJ '\Ill ~ 

Q 

1'Vl tJ lrll ff~ ':i (Chulalongkom 

University Animal Care and Use Committee, Animal Use Protocol No. 1031 038) \Obmh~l~of)~ 

'~t111'tlll'Wll1~tJ~~f11llJl~J 3,000 ':iB'lJ~O'Wl~ 1~'Wnm 10 'Wl~ ~OWl1fllJ 4 O~f1'W1HH~tJi;'1' 111;'1:;;
• 'U 

5l'W Ross/l86 Id 5 5 5 5 5 5 5 
,

'" 5 1'W Thailand 10- 5 5 5 5 5 5 5 

5 l'W Rossi 186 10-' :; 5 5 5 5 5 :; 

1O~51'W Thailand 5 5 5 5 5 5 5 

5l'W Rossi ] 86 10
6 

5 5 5 5 5 5 5 

5l'W Thailand 10
6 

5 5 5 5 5 5 5 

5llJ Ross/ 186 10
8 

5 5 5 5 5 5 5 

5l'W Thailand 5 5 5 5 5 5 5lOS 

3. f) n VI 'j l<U'Yil!~f)' 1~tllV1I'J11hll~e)\,).!~ l~h1tn 
'U 

'I111Oi1BUH~~lJ 'ill n~~ 1'fl 1;'1B~~ l~lJ 1 ffn'fl ffl':i vT'W li m ':i lJ'\HH l1rff~1 tJ'If'fl ffn'fl 
• q 

ffl':i'l-f'Wlim':ilJrll!j'il':i'tl (Viral nucleic acid extraction kit II , Geneaid, Taiwan) lifW1'l1~1Bcil~9s~JJ 
q 'U 

'" ~l'WTW 200 llJ 1m D\9l':i In'lJ~1Elcil~'\JD~ (n':ivT'W li m ':i JJ~ 1~'11~ ow t1fllJ -80 B..:JrlWI!Cl!CJHJff 
I q 'U 



II 

reverse transcription polymerase chain reaction (RT-PCR) 

Primer ~1i'~tl DYRChk-R 5'GGGCGGGTAGTCCATGTTGTAGA3 ' um: DYRChk-F 

5'ACCGGCGTCT ACCCATTCATGT3' (CY et al. 2007) 1~tJ"wtJ~mtJ1'l.h~f)tl'l./hJfl1tJ'fi1tlcil~ 

{lWVh..l~f)'j'jll~l'W1h1 (template RNA) 1.5 III 1m~(9l'.i 2X reacti on mi x (dNTP 0.4 mM, MgS04 

3.2 mM) (Invitrogen, USA) ~lhl1h1 12.5 III 1m~\9l'j Jlf)khl~l'W1h1 8 III 1m~\9l'j SuperScript III 

RT/Platinum Taq Mix (Invitrogen, USA) ~l'Ul'U I Ill1m~\9l'j Forward Ib~~ reverse primer tlfJl~ 

~~ ~lhl1'U I III 1m~\9l'j (10 J.lM) f.Jru'liJJiJ'Utl.:JtJ~mtJl RT-PCR l~i\PJJhIlulf)~'UD~ CY U~~ 
" f1ru~ (2007) lW~ Theamboonlers f1ru ~ (2009) f)l'jftf)EllijtJ'j~f)tl'lJltJ~1tJtlru'lifliJu~~'j:;;tJ~l)m

• 'U 

19iWl ~~Am~~1'W\9ll'.i 1.:J~ 3 

H~\9lnru~.w9$tllf (PCR product) ~1~tJlmv'Hllln'lJ loading buffer (BlueJuice™ Gel 

Loading Buffer, Invitrogen, USA) ~lhl1'W 6 III 1m~m lW~ tJld1h1H{lll~.:Jf)~11~1~~lhl1h1 
11) 1 '" . '" ., 1I),.1Y.1 1 "~I d10 III m~\9l'j lJlHl'Wf)'j ~ 'lJ1tJf)l'j electrophoresis '~'j ~~ 'lJ 11"H'il 90 1~~ !uhl'j~tJ:;;!1m 40 hll~ 

9'V "'''' ., 'V jJ jJ 'l1~U b'li agarose (U ltrapure agarose, Invitrogen, USA) ~ll'j ~ ~'l.Jf111ll !'Ull'UhI 'j DU[1~ 2 tJ TAE 

buffer 1~U~N~\9lnU!cn~9!tllf~l~li'\JhIl~ 330 base pairs 

polymerase chain reaction (RT-PCR) 

~ 
'j~u~nm ~lhl1tJ'jtl'lJ (cycle) ,'UhI\9ltlhl 

~~ ..... f • 

cDNA synthesis 48 30 mVi 


Denaturation 94 5 'W lVi 


PCR amplification 94 45 lhilVi 


56 45 1'W1Vi 35 


72 I hllVi 


Final extension 72 7 tJ1Vi 
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G] I 4lfJ. 9Jw " .oQ,Q QJ QJ a 
l1i reverse transcription polymerase chain reaction (RT-PCR) b'Wl'W\9l1~'l '\1rl~'llfl'Vl !m'UI'lH) 

" " • " v 
'1 lfl fll) ftfl'l:l 1l1r~ih'j'U':l1l'W'\1~ llJ9Icl1~ 6 ~\J\Plll1 1:U rJ l~r1H91rJ 1 lr~n1~ 'ffrJ~ ~nv'W'Wil 'W 

~ I 4 8 .d 0 ~ d Q.I <V .:::i IfJ 9JQ.I .:
mlJlru\9l~U\9l 10 - 10 CI050 blrl~blJrJ'Vllfll)\9ln'il'\11b<t!m1J'Wnm 7 1'W '\1rl~'llfl'Vl !\Pl)'UI<t!rJ 

" " .
1h lfl{)111~~'Ub91V1'W m ~U'ff!~ V\Pl'UV~'\1~ ilJ9Ifl~lJtj rlmrU1'W'\1~ ilJ9IV1~ 4 ff'U\Plll1 dJ rJ l~r 'U 
,,'" v ' " 

191rJbr'ffi~'ffV~'fflV'W'UilUU~lJ1rui~u~ 10
4 

- 10
8 

CI050 Url~b:uml1fl1)\9l)J'l'\11b91m~'Ublm 

7 1'W '\1~~'llfl~ i~rUI~V 1h lfl{]11 i~~'Ub~rJ1'U m ~um~rJ\Pl'UrJ~'\1~ ilJ9I~ i~rUb~rJ 10'1 - 10
6 

" ." 8 " 
CI050 U~'ffllJl) tl~1H91rJ't'Wm~bWb~rJ\Pl'lJrJ~l1~ llJ9I~ i~r1H91V 10 CI050 1\PlV~Ub91mVl()~ 3 1'W 

Q.I .::i "I ')lev ~ I ~ liJ rI t.::i lfJ 9,lQ../.% QJ ~ ~ cd 'j)I

l1rl~'illfl'Vl 1\Pl)'Ub<t!m'Vll'U'W l'U'\1'W IlJ'li'Vl !\Pl':i'Ub']jrJ'fflV~'W1i Rossll86 'il~~UI<t!rJrJ()'Vl)rJt'J(l ~ 60, 100 
OJ • OJ 

, ." • 'j) 

U(l~ 60 1'W1'W~ I, 2 Ut'1~ 3 ml~'illfl~1~rU!91V\9l1lJrlWlu Url ~ 1'U'\1'UilJ9I~1~rUI91D'ffl!J~'W1r 
OJ • 

,.. I , • v 

Thailand 2010 'il~~UI91m)tJi1~mm~ 80, 80 IW~ 60 l'Ul'UVi I, 2 Ut'1~ 3 '\1~~'illflVi'MrUb91rJ 
OJ 

I'IllJ rlwlu 

rlll1rUl'W11'W'" 
'llJ9IrJ1V 2 . 

8 ~ 0 ~ d QJ lfl ~~ 11) 9J(V ~ a'(l.I

JO CI050 Ut'1~llJV'Vllfl1)\9l':i1'il'l111<t!m1J'Unm 5 1'W lWl1~ IlJ'li'Vl 1\Pl'jUI<t!V'ffl()~'W~ I{oss, 186 'il ~ 
~ 'd9J 9 Q../~ ~~1Jl ~ ~Q.I 

~Ub']jrJrJQ'Vl':iV()rl~ 100, 100. 50, 83 U(j~ 100 !'U1'U'Vl I, 2, 3, 4 U(j~ 5 '\1(l~'llflYI ,\Pl ':i U\'l!rJ 

o Q.I <>l "I o'~ lJ} 9JQ.I.J rI .J I d <J}Q.I 

I'IllJm\PlU U(j~ !'W'\1'U IlJ'li'Yl !\Pl)Ub'l!V'fflV~'Wli Thailand 2010 1)~~UI'l!rJrJ!J'Vl)rJ!Jrl~ 90, 100 m\~ 
OJ • OJ . ," . 

67 'l'U1'U't; I, 2 U(j~ 3 '\1~'H)lflVil~rul91rJmlJrlwru ~~bl'ff\Pl~l'Um'jl~Vi 4 
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I . 

,,, , 

11~~ ~lf)Yi i~~U!~tJ' 'U'lJhJlUl Yiu\9lf)\ph~n'U hWf)1'j Q~u~l'litJ,nl'tJ~ 

6 bY'LJ\9l111 Ross/186 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

6 bY'U\9l111 Thailand 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

6 bY'U\9l111 Ross/186 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

6 bY'U\9l111 Thailand 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

6 bY'LJ\9l111 Ross/186 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

6 ~U\9l111 Thailand 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

4 ~LJ\9l111 Ross/186 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

4 ~LJ\9l111 Thailand 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

4 ~LJ\9l111 Rossl186 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

4 ~LJ\9l111 Thailand 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

4 ~LJ\9l1t1 Rossl186 3/5 5/5 3/5 0/5 0/5 0/5 0/5 

4 ~LJ\9l111 Thailand 4/5 4/5 3/5 0,'5 0/5 0/5 0/5 

2 ~U\9l1tl RosslJ 86 SIS 6/6 3/6 5/6 1 1 

2 ~LJ\9l1r1 Thailand 9110 3/3 4/6 0/6 0/4 

," , 

* 1'11m'IJ''U\9l1H~ m"\9l~~1'U1'U'\1WVi\9l'j11l'VftH~D l'Um ~mH~D\9l~tJ~l'U 1'U'\1 WVi'l'llf)1'j~mJll Wl!~ 
~ ~ 

f)1'jffmdlUh~~~f1'Uf)'UtJl''Um~llm~tJ\9l'IJtJ~[lf)in DlV 5 l'U l1~-:J~1f)~1~~UI~Dl1~~
q Q co Q 

~f1'Ufl'UVl ~lV~'U'!j~'j~Ul\9l1'l-1LJ'j~I'Vlft'1'VlV''U1J '\"l.ft'. 2553 (Thailand 2010 strain) l![l:;;I~Duhr~
q q q 

Q..I d'~ l o:::! .::2 cl ~ 'j) .c::,. & a

~l U1~ 'U ~ 'Vllfl U'j ~Ul \9l1 'U tJ ':i ~ I'Vlft' 1'Vl V11.,1 D\9l\9l95;l! U'Ul'llDlJ 1\9l'j ll'U Dl-:J D-:J (Ross/l86 strain) 95 ·nJ 
", , 

'lJhnUl 'lJD-1 'h~~YiU\9lf)~l-1n'U 'j :;;l11N lO' - 10
8 

CID IW:;;'l'llfll 'j \9l':i 11ll1119fD1'U 95~1J1'l'1Vi~
50 
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reverse transcription polymerase chain reaction (RT-PCR) hd'tHil.:J'l "nf.:J'illfl~i~f'lJ1~fl 
~.:J i:u'VnJl~flilf~J'I~fl.:JLntJ'W'Widl'Wm~um~fl~'Ufl'lf1flln ~'1U~~'1hJl'll'j l'I~ 5. ~ 

. " . 
VIl'JHflS fl1'jI'l'jl'il'Ylll9}DlJf~~fJ'Wfl'WtJ1lwm~llft1~fl~'UD'I~flltlm~ 5l'W 'l1~'1'illflVi 

II] w... ~ 1 ,~ .,; .... 1 W W ~d 

!~ 'j 'lJl'lfD 'W u'J 1.1 1W'Vl UI'l fll'll '1fl'W I ~l'Jfl1'j II ~1'U lfl nlm'W fl 

Ross/] 86 0/5 0/5 0,'5 0/5 0/5 0/5 0/5 

Ross/ l 86 0/5 0,'5 0/5 0/5 0/5 0/5 0/5 

Ross/186 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

Thailand 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
I 

0/5 0/5 0/5 Oi5 0/5 0/5 0/5Thailand. I 
0/5 0/5 0/5 0/5 0/5 0;5 0/5 

Thailand 

Thailand 

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

Ross/186 0/5 0/5 0/5 0/5 0/5 0/5 0/5 

." ' 

* \'l11r1'U 1'W1'l1'J 1'1 11~'fl'l ~1'W l'\..H'ln lri'l1I'l'J l'il'W'!J191D 11~ m ~l1ft1~D'fl~ fl ~1'W 1'W rlf) 1riVi'Yl'lfll'jftmn 
~ ~ 
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~ A'd .c:9 .J ~ ~ r;IQ.J 

f11'jfl'f11l1'W!1J'l-H11':ifl'f1EJ1I'lHl 11'j ~'lifl'W f1 'wn!'W m ~ll~nHl~'tJ eJ~11'W IJJ'li (Mus musculus)
q q 'U 

Q,.I tI & d ~d Q,.I ~ 1 ' ,J
~ltJVI'W~ ICR 'li~I1J'U outbred mice 'VlJJell~ 2 - 6 ~tJm'l1 llr;'\::;!'Ut1f1 f1l'UeJ (Gallus gallus) 

~ltJvr'U~ Cobb 500 ~ij~ltJ 5 lh1 'I1~~~1f1~'fi'1'i.JI~eJl11'('f';flhlf1'UtJ1 ~ltJvrhl~~'j::;'lJl~i'W
~ q q q q 

~ , 

tJ':i::;I'Vlfl'I'VltJ!'WiJ VI .fl' . 2553 (Thailand 2010 strain) Ufl~l9feJl11'~mtJvr'W~YilfltJ'j::;U1~lwtJ':i~I'Vlfl'
q 

"1 9 "",.9 ~ ,J ~ '" .9 d II] "'.,; '''"' 
l'VltJ Ahlt)~~"ll~ltJhll'lieJ'lJlm~l'Well~eJ~ (Rossll86 strain) "ll~JJm'lJlru'tJeJ~ ~1'j('f''Vlll~f1~1~f1h1 llfl~ 
o ~ ~ dJ., Q.I rI 'V ~ 

'Vl1f11'j m l'iJ11 11'lieJ ~ 'U 'li'j JJ'tJ~~~~l'Vl~ r;'\ eJ~~1tJ1li reverse transc ri ption polymerase chain reaction 
, ';I 

(RT-PCR) !'Ul'U~l~"l ml~'l1f1Yilfi'1'i.JI9feJ 
" t.I ~ • 

'iJ 1f1 f11 'j ftf11l1fl l'~UllJVl1J!9feJ h! m::;llm~eJ~'lJeJ ~ fl f1 1 nUfl::; 1hi 'I1'U !JJ9fYiiJ eJ 1tJ 6 5tJ~ 11'1 
'U 'U q 

111f~~ lfi'1'i.J1~~!'Um 'lJlrulJ1f1l'vi11~ nm1J II~rl1'111'i.JL'U'I1'U lJJ9f~iimtJ,reJtJfl~J'U 'iJ::; ('f" I'lJl ~ tHin 11]
'U q 

)I "V ~ I 

vn.J!9feJ 1lj~1hi m ::;l!m~eJ~ lfi' l~tJ'iJ 1f1m'j ftf1EJ1fl1'~U'Yli.JI9feJ1'\.! m::; l! m~~~'tJeJ~'I1'W llJ cliYiii DltJ 
'U q 

2 -4 ~tJ~l'li 1l~eJci1~!'jn~lJJm.11lJ9fl'i'eJ~lfi'1''UI~eJl'Wm:l11ru~n~1J1f1~~ ~'j::;~'U 10
8 

CID,o 'iJ1f1 

et A' .JiJ1 w' ~ ~ rI~d rI ~ ~ l 'lI~t Q,.I 

f11'Hl'f11l1'W 'tn'li ~~11 f11 Hn 1'iJ'Yli.J1'li~ 1'W f)J ::;ll~lfleJ~'tJeJ "m 'W lJJ"ll'VllJ ellfJ 4 mJ~ I'll 'iJ ::;lil~~J"W 1~f1 
'" q 

~~lrleJ11\{llJ9flfi'1''U~~eJeJci1~tYeJtJ Id CI Dsu rll'I11'UI'W'I1'\.J'11J9f~iiOl~ 2 ~tJ~lliJhI 'lJ1flnnftnm 

~ ;r tr'J ~& d 'Vb") Q.I 9 Q,.I d Ci S _ .:9 q ~ 9 ~ '-1 'lI CI.II

m~'W !~fl'f11l1IVltJ~fllJI'I1 !1Hl A'W'j::;~i.JI~tJlfl~ 10 CID' ll :u~m"l'Ul15tl !'Wm::;umntl~ !\>1I'li'Wm! 
iI • 11 V 

ll~ IlJ1 'fi'Y11f11'j ftf1E! 1':1 1~11 l119feJ1 'Will 1J 1ruYitYeJtJf111U 'iJ::; m1J 1 J D~ ':i 1'iJ't~'UI9feJ1'U f)J::; IIm ~ tl ~ 'U eJ.:J 

'I1'W1JJ9felltJ 2 ~tJ~l'li 1'fi'l11eJllJ 
" q 

11 1:V ," 

~ 1n n 1 ':i ftnEJ 1U'Yl'U11'lh~nr;'\ 1Yi ('f'11J1 J t1YI'Ul9fD 1-;;)'1 '\.J m::; 11 1i!~ D~'lJ DHi '\ J Yi JJ f11 ') Oi YI' ~~ U 
" 

1~m11'Uhlru'iJ::;Dci~ 31'W vnd\lllJ'M'l.!l1J9fD1V:2 rl11Y1l111~ tl'l-;;)'5'UI~tl'h1mnmr'l-!i Ross ' I 86 
U 'U <IJ q q 

" ."V 

'iJ::; ~llJ 1'j t1'Yl 'U19f'O 1'U nn: ml'l~ tl~ 1'fi'W 1'W O~ 5 1'U J::; U::;!d m111"l'U f1l'j m::; 'illrJf11"11 m ,'\iD 1'W 

m::;H~!~tl~'UeJ~'I1'U'Vl~r;'\eJ~ 3 - 5 l'U l'lihl~ llJ'W'lil~nm~tJntJ1'WVlU~i:Y11J1':itl!ieJlril~'\JII'I1~~ 
'" 

,J 0 ~ cl ~ 0 1 9 <0>'1 'J) dJ :%1 ~ 0 dJ 1 q)) ..l'
'UeJ.:j!'li~~111'j'UtJ~"ll~!1Jh!lIJJU~Vl111 ::;hl l !'if! ~'UliJ':i:lJ'lil\91 ,YI nl'ifl'n'tdl'W ~'Vl1nlJfiTllJll\9ltJ l'liI'liO. 
ll'I Q.I cr' ') ~ Q.I rf .c9 ~ a'~.:::1 1 Q d' ~Q/ Q.I Q IV

!dHmeJ~mv'W'U li !~tJ'VlmtJ'Yl'W li 11 W~ltl'W rrWl'l'W 1i'VllJTll",) J"'):::'U "lYl'J.J') 'U tl~\91 lin::; tlm(lfJ lHrtitJ'lJ 
Q q 'l q 

d Q.I cr'~d ' Q.I .dt ~ I c%cS I .:::d Q ~ I a 

Itl'W ~ltJ'Yl 'W li 
q 

'VllJf1 11 'j::; 'U 1~1'W 'li'J.:JlJ 'il 'il 
q 

'U'U 1'Yl elltI'W nl J U -:J 'liD ~ fl 1 'llJ n 0 1'j 1'1 'Vl 'iJ::; In ~ '11"W ',)'1 'iJ~ JJ il 1 llJ 
, ~ 

1l\91f1~ 1.:J fl'W 111 eJ llJ q; ~ 'iJ::: 'Yl'U 11'lil~ ':i::; tJ::;t"")m'tJ eJ~ nl 1 \91 J 1 'iJ'V'j UI9J eJ lw m::; II ('f'l~ O~ 'IJ '0,:)'1-1hi hJ9f 
'" 

" , 

nl J ftf1'tdl'tJtN Thcmnboullicrs Ui\::;fl\u::; (2009) J 'W-:J l 'W'J1!'15l:lYiiinl",) 'j::; lJlYll 'l.nJ'i ::: 111 fl 
\I if • I 

1'VlfJ1'U1J 2551 Wiif)'nlJ!l~n~1~nUl9feJ11lflV1:::Ul~1J1nu'WdJu1J 'tur. 2531 Il[l:::l'WJ:;;WJHtI 'l"l.fl. 
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Ocean lineage ~lJfll'HtJ~tJ'Wu'tJ".:J'UC) 'HlliUl'U~'lJ'W EI envelope glycoprotein 'Vll1'11'lJrlli1.H'lJ~~ 
I ~ d' cs ~ dd' .c9 d ,J ~~Q.I 0 Q 

U\Pln\Pll.:J l'lfc) ~ltJYl'W ~1'W c)~Wl Yl 'j c)'Vlt 'j tJn11 E I-A226V 9l'.:J fll'j l'tJmn.m'tJ".:J'W 'i}~'VlllYl!'lfBtn\Plnl'J 

\1'qjli1tJfllm)~ qjH 'lJ'lJ~ ~l!~'Wl'itl.:JmtYtJ1fl!" ~!\Pl tl'j tl" (cholesterol dependence) ri .:J~m1'I1'lJnl'J 

d.,M .N ~'9iJ'" .d 4 0 

IYllJ'U'W'Utl.:J replication U"~ infectivity 'Utl.:J!'lfB 'jl1J'Vl;Jntl ~Yltn~fll'jl'tJ"tJ'Wu'tJ".:JO.:Jr~~'\"llYl~'Wl 
l .& q d ~ d d 0 ~ <jJ lGj Q.J.::::i Cj

~'jfl9l'.:J ~'WB~\Pl'W'Wq;Jmtl'Vlltl'W'W1Yl~'Wl hflfltl q;JmtJ'lJl'W (Aedes {(egypt;) U~ b'Wtr'()Q'lJtJ~.:JYllJ 

'lJ'Vl'\Jl'YItllflqj i'Wf)1'j !~'WYllYl~,-hh 'f1fiB ~;Jmtnn'W (A edes alhopiClUS) U~c)~l~1J nm:lJtJ;J lUlJ 
• • iJ 11 ;J 

'j 1{J~ 1'W G.:JflluJntll J fit 'W fl'W Yl~ B~\Pl {YinJ~ tJ'WU 'tJ".:J 1'tJ ~llnfllJ ~mJ1f1 ~.:Jl'1 m'i} 'i} ~ 'Wtl'li~~ 1~11 
"'" • I

!~D 1 1~~;'f1'Wn'W tJ1'Yl~ ~tl~TIltJ-W'W £fi tl TIltl-W'W£Yi!'f1 tllJ n 1'j 'j ~'lJl~lJll'Wc)~\Pl!W~tntl-w'W£YilJn lJ 
q q q q q 

'j~'lJl~ i 'Wu1l1liJmf'W~l.:JnnC)tt1!n~f)1J~~l~tl 'hm'W llJeUl~ l~(J~'lfl;jLJm~~llJ1J Q\Pl'j l\l'W'lJI~tJ 
• 'U 

~ tIJ Q.I ~ d lil Q..I .cid ~ 'V,J 9) I .::::. (j.J 

!'lftl llHY'lffJ'Wf.)'WV1!tl'W nHI'YllJ tissllc tropism 'fltJ mlllJl'WCH11tJ 'UD\Pltl Url~~lYl1.n llrl~ 

U'i}~tJ~lJ~,,~tlf)1'j~~l~tllmr\Plr'Vl~[jD;j 1~'W Vl 'WI 1JeU 'Mull tJltJ'UD;J1M~~ Url~fl '111~nl'W'UD~ 
'U • 

dt ~ ~ ~C'J 'j)

type-I IFN signaling (Coudcrc ct aL 2008; Ziegler et al. 2008) Nn'illflfll'HlflEl1'fl'.i ~'Wn tH~m 

'V Q.I 9) ~ .d ~ Ii) a v I l a'~9 wi & ~ ci
~D~flml;J{J'il'iltJ'Ul.:J\Pl'W fltl !Hl.:J'Utl;JmtJ'Utl.:JVl'W ~1J9l' U[]~HlJ11H'W llJ9l''YI ~'lf 'Wf)1Jf(nEll'fl 'HU'i}~

• 'U 'U 

1~'W outbred mice U\9ln~llJl,)O'W'lJfll'.ir.;\Pl!~tli'WYl'W ~lfJ'\I;j't.J£~.:Jfl~ll~LM rllYl~'lJ1 m1n 'ln~ ~llhj
'U. ~ 

~1'l{t1mf'W n hJWU11lJ fll'j ~m~D ~.:J ~tl~fl ~tl;J n'lJ nl 'j ftfllJ 1~ NnnJl~Ll;j ~11 bfl1J1 ') D~ 'j l1l'V'J'jJ 

fll'j ~tl'jJm~ tl.:J'Vll;JniJr1'1Jn'W1'W ft\Pl{!~tJ.:j" n~ltJ'W1J11 mtJ'lfU~bl[]~ 'lu 'l~lh l(j.:jl'-J ~.:Jfl1,) ~l'It~Dli~ U 
'U • 'U 

1960; Halstead and Uclol11sakdi 1966) 
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~ It.J 1,rt'J~ l~~\"l f1l:i flmJll~tl111bl'9ff] t.J flt.J t'Jl i t.J m ~ Ubl' l ~ tl \?l 'IJ tl~ ~\?llbl'tl ,m ~ II ~ tl. . . 
Q,I d' ~:v Q,I cft::t 'J} tq cf VJ 'c$ Q,I cf 'j) CJ1
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Abstract 

Chikungunya virus (CHIKY) is a pathogen that causes an illness in humans and 

mosquito is an insect vector for this virus. Aim of this study is to study roles of 

domestic animals in the epidemiology of this virus. CHIKV infection in avian and 

mammal were studied by llsing baby chickens and mice as model animals. Two 

strains ofCHIKY were used in this study; Thailand 2010 and Ross/186 strain 

(reference strain) . Different amollnt ofCHIKY was inoculated to the tested animals 

by needle injection. 104
• 106 and 108 CID50 of CHIKY was inoculated to four- and six

week-old mice. Blood was collected and tested for virus for seven days. 108 CID50 of 

CHIKY was inoculated to t\vo-week-old mice. Blood was collected and tested tor 

virus for five days. For the baby chickens, 102
• 104

. 106 and 108 C1D"o of CHIKV was 

inoculated to five-day-old baby chickens. Blood was collected and tested for virus for 

seven days. Serum sRmples were tested for CHIKV by reverse transcription 

polymerase chain reaction (RT-PCR). CHIKV were detected in two- and four-week

old mice that \Vere inoculated with 108 CIO:'o of CHIKV. Virus was found for three 

days in four-week-old mice post inoculation (PI) . The percentage of Ross/ 186 strain 

of CHIKY in four-week-old mice were 60. 100 and 60 % on day 1.2 and 3 PI. 

respectively. The percentage of Thailand 2010 strain ofClllKV in four-week-old 

mice were 80. 80 and 60 % on day 1.2 and 3 PI. respectively. The percentage of 

Ross/ 186 strRin ofCHIKY in two-\veek-old Illice were 100. 100.50.83 and 100 % on 

day 1.2.3.4 and 5 PI. respectively. The percentage of Thailand 20 I 0 strain of 

CHIKY in two-week-old mice were 90, 100 and 67 % on day 1.2 and 3 PI. 

respectively. No virus was detected in any 6-week-old mice and baby chickens. 

Keywords: Chikungunya virus. mice. baby chicken. infection. Thai land 

http:100.50.83
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Introduction 

Chikungunya virus (CHIKV) is an emerging or re-emerging infectious mosquito 

borne virus that can be found in several countries in Africa and Asia. For the last five 

years, the outbreak of this virus happened in several countries including Thailand 

(Mackenzie et al. 2001; Thavara et al. 2009). CHIKV belongs to Alphavirus genus of 

the Togaviridae family. It is an enveloped, single-stranded. positive-sense RNA virus. 

CHlKV was first discovered in Tanzania, east Africa in 1952 and was identified in 

Thailand in 1958. According to E 1 envelope glycoprotein, CHIKV can be divided 

into four lineages: West Africa, East Central and South Africa. Asian, and Indian 

Ocean lineage (IOl). IOl is the lineage that has evolved from East Central and South 

:\frica lineage . The first outbreak of IOl happened in Kenya in 2004 and it has spread 

to Indian Ocean Islands. India and other countries in Southeast Asia (Parola et al. 

2006). 

Transmission cycle of this virus has to be considered in tv,o cycks; mblln and 

sylvatic life cycle. Infected humans and mosquitoes play an important rok in the 

transmission in an urban cycle but infected animals and mosquitoes are responsible 

for the transmission in a sylvCltic cycle. Hov.ever. reservoir animClls might il1\oh'e in 

the transmission of this virus in an urban cycle (Jupp and McIntosh 1990: lurell et al. 

1992: Jupp and Kemp 1996). Immune response for CHIK V also hCls been shown in 

several kinds of animals. for example. monkey. bat. swine. and hiI'd (.faffar-l3andjee et 

a!. 2009) . The major amplifying vectors for this virus are Aedes oegypli and Aedes 

alhopic(l/s. and transovarial tran smission of CHIKV also addressed in these 

mosquitoes (Thavara et a!. 2009) . However. other mosquito species rnight also se rve 
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as amplifying vectors for this virus (Reiskind et al. 2008; Dubrulle et al. 2009; van 

den Hurk et al. 20 I 0). 

This study was conducted to investigate the possibility of small mammal and 

avian to serve as an amplifying host for CHIKY. Thailand strain ofCHIKY infection 

in mice and baby chickens were experimentally study by comparing with reference 

strain of CHIKY. The initial data from our study would be useful for the future 

research on the relationship among CHIKY, mosquitoes and animals in the 

transmission cycle of CHIKY in nature. 
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Materials and methods 

Virus and cell culture 

Rossll86 (reference strain) and Thailand 2010 strain ofChikungunya virus (CHIKV) 

were used in this study. Ross/186 strain ofCHIKV was kindly provided by National 

Instituted of Health of Thailand (Material Transfer Agreement 18-53-06) and 

Thailand 2010 strain ofCHIKV was kindly provided by the Faculty of Medicine, 

Chlllalongkorn University, Thailand. 

• I 
Cell and medium 

CHIKV 'vvas propagated and assayed in Vero-76 cells. Cells were propagated in cell 

growth medium (GM) containing MEM media (Gibco. Invitrogen) with 10% fetal 

bovine serum (FBS). glutamate (Gibco. Invitrogen). and 20 mg of gentamicin sulfate 

per 100 ml of media. Maintenance medium (MM) containing McM medi8 (Gibco. 

Invitrogen) with 1% FBS, glutamate (Gibco, Invitrogen). and 20 mg of gentamicin 

sulfate per 1001111 of media. 

Virus assay 

Vero-76 cells were propagated in GM and CHIKV was propagated in confluent Vero

76 cells with MM in 25-cm 2 cell culture flask. Ten-fold dilution ofCH1KV was 

8ssayecl for an amount of virliS in Vero-76 cells with MM in 25-cm2 cell culture flask. 
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Cell cultures were observed for cytopathic effect for up to 4 days and cell culture 

medium was confirmed by reverse transcription polymerase chain reaction. Virus . I 
titers were expressed as CIDso/ml. 

Viral nucleic acid extraction 

Viral nucleic acid was extracted from an individual serum sample or cell culture 

medium by using viral nucleic acid extraction kit II (Geneaid, Taiwan) according to 

the manufacturer's recommendation, and each of them was kept at -80 °C until tested. 

Reverse transcription polymerase chain reaction 

Each extracted viral nucleic acid sample was tested for CHIKV by using reverse 

transcription polymerase chain reaction (RT-PCR) according to CV et al. (2007) and 

Theamboonlers et al. (2009) with slight modification. The primers were DVRChk-R 

5'GGGCGGGT.AGTCCATGTTGTAGA3' and DVRChk-F 

5' ACCGGCGTCTACCC ATTCATGT3' (CV et al. 2007). RT-PCRs were performed 

in 25 pi-reaction . One and a half ~t1 of RNA was mixed with 12.5 pi of2X-ll1aster 

mix (0.4 mM dNTP, 3.2 mM MgS04 ) (Invitrogen, Carlsbad, CA), I pi of forward and 

reverse primer (10 pM), I pi of SuperScript III RT/P latinum Taq Mix (Invitrogen. 

Carl sbad, CA). and 8 ~tI of ultrapure waler (Invitrogen. Carl sbad. CA). After the 

reverse tran sc ription step at 48°C for 30 min and the initial PCR activation step (It 

94°C for 5 min. the amplification \vas carried Ollt for 35 cycles with the following 

temperature cycling parameters: 94°C for 45 sec of denaturation, 56°C for 45 sec of 
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annealing, and 72°C for I min of extension. The final amplification cycle included an 

addition of 7 min extension at 72°C. RNA was amplified by using thermocycler 

(Perkin Elmer Cetus 9600, Perkin Elmer, Waltham, MA). The PCR product was 

mixed with 6 ~I of loading buffer (BlueJuice™ Gel Loading Buffer, Invitrogen, 

Carlsbad, CA) and analyzed in 2% agarose gel (UltraPure™, Invitrogen, Carlsbad, 

CA) with expected 330 base pair band. 

Experiment animals 

lCR mice and baby chickens were inoculated with Ross/186 and Thailand 20 10 strain 

ofCHIKV . This study was approved by the Chulalongkorn University Animal Care 

and Use Committee (Animal Use Protocol and Approval No. 1031038). Four- and 6

week-old mice were inoculated with 104
, 106 and 108 CID,o and 2-week-old Inice 

were inoculated with only 108 CID:iO ofCHIKV by intraperitoneal injection. Five-day

old baby chickens were inoculated with 102
, 104

, 106 and 108 ClD)o uf CHIK V by 

intmmuscularly injection . Mice were anesthetized with 10 Il1g of tiletamine 

hypochloride and zolazepam hypochloride (70Ietil @;, Virbac. Frace) per kg 01' mice 

(lIld blood \·vas collected by hean puncture. For baby chickens, blood was collected 

frol1l.iugular vein. After blood was collected. mice and baby chickens \-\ere 

euthanized. 
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Results 

Chikungunya (CHIKV) infection in mice 

Four- and 6-week-old mice were inoculated with 104
, 106 and 108 CIDso and 2-week

old mice were inoculated with only 108 CrD50 of Ross/186 and Thailand 2010 strain 

ofCHIKV by intraperitoneal injection. Serum samples were tested for CHIKV 

infection by reverse transcription polymerase chain reaction (RT-PCR) for 7 days post 

inoculation (PI). CHIK V were detected in two- and four-week-old mice that were 

inoculated with 1 08 CID~o of CHIKV. Virus was found for three days in four-week

old mice post inoculation (PI). The percentage of Ross/186 strain of CH1KV in four

\,veek-old mice were 60, 100 and 60% on day I. :2 and 3 PI. respectively. The 

percentage of Thailand 2010 strain ofCHIKV in four-week-old mice were 80. 80 and 

60% on day L 2 and 3 PI, respectively. The percentage of Rossi I86 strain ofClIIKV 

in two-week-old mice were 100. 100.50, 83 and 100% on day 1.2. 3.4 and 5 PI. 

respectively . The percentage of Thailand 2010 strain ofCHIKV in two-week-old mice 

were 90. 100 and 67% on d8y 1. 2 and 3 PI. respectively (Table I) . 

Chikungunya infection in baby chickens 

Fi\'e-day-old baby chickens \vere inoculated with 102
• 10.1, 10(, and 108 C[D ~ ll of 

Rossl186 and Thailand 2010 strain ofCHIKV by intramuscularly injection. Serum 

samples were tested for CHJKV infection by RT-PCR for 7 days PI. No CHIKV was 

detected from all baby chicken serum samples (Table 2). 



30 

Discussion 

This study was conducted to investigate Thailand 2010 and Ross/186 (reference 

strain) strain of Chikungunya virus (CHKV) infection in 2-, 4- , and 6-week-old ICR 

mice (Mus musculus) and in 5-day-old baby chickens (Gallus gallus). The animals 

were inoculated with different amount of the virus and the animals were tested for the 

present of the virus in blood circulation by reverse transcription polymerase chain 

reaction (RT-PCR) after post inoculation (PI). 

In the present study, CHIKV could not be detected from any baby chicken and 

6-week-oJd mice PI. However, CHIKV can be detected from 2- and 4-week-old mice 

that were inoculated with 108 CI050 . A group of 4-week-old mice were inoculated 

with 104
, 106 and 108 C1050 but the virus was only detected when they were 

inoculated with 108 C1050 . A group of2-week-old mice; however, were inoculated 

with only 108 CI050 in this study. No study to indicate that 2-week-old mice can be 

infected with lower amount of virus or not. More works still need to be done to 

address this question. 

Rossll86 and Thailand 20 I 0 strain of CHK V infection in mice in this study 

can be found for 3 days PI. Two-week-old mice that were inoculated with Rossi 186 

strain; however, viremia can be found for 5 days PI. Viremia period ofCHIKV in 

mice about 3-5 days as indicated in this study might enough for these mice to serve as 

infected blood meal sources for mosquitoes in nature. Two strains ofCHIKV 

infection in animals were studied to compare the infectivity between these two strains. 

One strain (RossIl86) is the virus strain from the past (reference stain) and another 
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strain (Thailand 20 I0) is the present strain of CHIKY that just had an outbreak in 

Thailand . This study shows the infectivity between these two strains is quite similar. 

However, viremia in 2-week-old mice that were infected with RosslI 86 was 5 days. 

The study by Theamboonler et al. (2009) indicated CHIK V that had outbreak 

in Thailand in 2008 was different from the virus that involved in the outbreak in 1988 

and during 1995-1996. However. a property of this virus is the same as the virus that 

involved in the outbreak in Singapore in 1998. The previous study also showed that 

CHIKV that recently found in Thai land is in the Indean Ocean lineage with the 

substitution of an alanine to valine at the position 226 of the Fl envelope glycoprotein 

(E I-A226V), This substitution causes the virus to lose cholesterol dependence for 

growth and increases its replication and infectivity. This leads to the adaptation to 

di fferent mosquito species which make Aedes o//JOpiCIIIS more potential vectors than 

Aedes oeg}jJli (TsetsRrkin el RI. 2007). An ability of RNA ,'iruses to evolve "'Ipidly 

might increase their host or vector rRnge (Tsetsmkin et RI. 2007). In the past. CHIKV 

isolRted from Thailand "vas in the AsiRn lineage Rnd the competent vector was Aedes 

ocS;ypli: however. CI IIKV that ,.I, as responsible for the outbreak in Thailclnd during 

2008-20 J 0 WRS the IOL with E l-A226V and the 1l1Rjority of the vector \vas Aedes 

olhopicllIS (de Lamballerie et RI, 2008: Thavara et al. 2009), The 2008 CHIKV 

isolated from Thailand was also closely related to a virus that caused the outbreak in 

India in 2007 and in Singapore in 2008 (Theamboonlers et ,Ii. 2009). 

The present study shov .. s that both strains of CHIK V can infect ICR mice and 

viremia period was quite similar. These infected mice ; however. did not show emy 

sign and symptom of walking difficulty or joint and muscle pain . Tissue tropisms for 



32 

CHIKV are striated muscIe,joint, and skin. Factors that involved CHIKY infection in 

mice are age and type-I interferon signaling (Couderc et al. 2008 ; Ziegler et al. 2008; 

Couderc and Lecuit 2009). The finding from this study showed the result is the same 

as the previous study about the age of mice and the infectivity. ICR mice are outbred 

mice but these mice still can be infected with CI-IIKV . CIIlKV could not be detected 

from any baby chickens from this study which previous studies also indicated the 

same finding that CHIKY can infect different kind of mammals but avian (H alstead 

and Udomsakdi 1966; Osterrieth and Blanes-Ridaura 1960: Weinbren et al. 1958). 

More work need to be clone on the viremia level in CHIK V infected ICR mice, 

CIIIK V infection in other animals. and infection in mosquitoes after taking blood 

meal from the infected animal. All of thi s kno\vledge \vill help the researcher to 

understand more on the transmi ssion cycle of this virus in nature. 
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