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Abstract 

The aim of this experiment was to develop indirect enzyme-linked immunosorbent assay (I-EUSA) 

test kit for antibody detection against A. paragallillarul11 serovars A. Band C in separated plates. The 

positive and negative control sera from chickens in Groups 1-5 at 2 weeks after the second vaccination were 

used to calculate the sensitivity and specificity of the newly developed I-ELISA. Forty negative control sera 

(taken before vaccination) were used to evaluate the cut-off value of the I-ELISA against each serovar of 

A. paragallinarum under optimal conditions. The cut- off values of serovars A, Band C, calculated by the 

mean optical density of all the negative sera plus three standard deviations were 0.334, 0.484 and 0.678, 

respectively. The efficacy of the developed I-ELISA showed 100% sensitivity for all 3 serovars of coating 

antigen but with a low specificity of 30% for all 3 serovars because of the high cross reactivity among 

serovars. Nevertheless, the serovar A [- ELISA gave a higher response to serovar A antisemm than to the 

other two heterologous serovars (p < 0.05). In contrast, the I-ELISA results for Band C did not show any 

significant difference between the homologous and heterologous serovars. This newly developed 1- EUSA 

could be an alternative method for differentiating between A. paragallinarum- free chickens and those that 

have received either a vaccination and/or a challenge exposure. 
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c:t y 
V11'31.:.'l'Yl 'H'Ul 

~ n1~~ 1 fl1'J'Yl~(;H)1JfJW bYlJ'U~~tl~ Avibacteriul1l paragallinarum 14· 

~ 1'] 1~~ 2 UYn-Afl1'Jfl'J~~ufliJfi'lJnU~tl~ 1tlYl~H'lD.:.'I 22 
Q 'U q 

d J ~ c:t 0' 0 Q/ c:t Q/ c:t J
~1'J1~'Vl 3 UbY~~mlJ1tlH'1H) A. paragallillarul1l V1~ 3 911'J11'J bY1l1'J'Ut~'JtllJ1fl91Ut9J'tl~1t1 29 

~ 1'J1~~ 4 btbY~~~11 th~l-!~l~~11~ff1Yi ~lJfl1 'J bf1 ~ ~'Ut'VW'Vl~1~qf1 30 

d , 'jI 'jI "'" c:t OJ d 9 ~ 
~ 1'J 1~'Vl 5 I'll PIN ~D~fld1lJt~lJ~U"tl~UD'U~H~'U U(;'l~ Clf'JlJ 'VlmlJ1~ bYlJ ~ 'U fl1'Jtfl~~'Ut~ ~V1 32 

'if ••
e!lIJ ''jI ~ c:t)' 0' c:t 9 'jI c:t 'jI 'jI 

D ~(;'l9f1WJtW1m A. paraf!.allinarum 91 ~'Jd1'J A (211) blH) ~'1ffltlU~tfl~Ylfl1llJb~lJ~'U 1: 100 

~111~~ 6 ~1 PIN ~D~fld1lJt~lJ~'U"~~UD'U~h~'U f1~'\.HHfWl U~~91~lJ~bYilJ1~bYlJl'Ufl1'J 33 
'U 

~ c:tllJ' 'jI 1t c! 0' d 'jI 'jI

!fl(;'ltl'Um~'Vltl ~~9f1\Oldm'1H) A. paraf!.allillarUI1l qrt 'Jd1d A (211) (f1~'W ~bfl\9lVlfl11lJ!~1l"'W 

1:500, 1: 1000 U(;'l~ 1:2000) 


\9l1'J1~~ 7 ~1 PIN ~tl~fld11l!~1l~U~tl~UD'U~!~'U Ufl~ 91jlJ~m1l1~bY1l1'Ufl1d!f1~'O'U!~flVI 33 


c1l1J ''jI 1t c:t 0' d 9 'jI d 'jI 'jI 

tl ~(;'l9f1~lm'1f~ A. paragallinarum 9f1'Jd1'J B (0222) !1l'O ~'1frWU ~bfl~Ylfldlll!~lJ"'U 1: 100 

\9l1'Jl~~ 8 ~1 PIN "tl~fldlll!~ll~'U"tl~UD'U~h~'U f1tlU'iHfl~ U~~ 91~lJ~tYi1l1~bYlJ''Uf)1d 34 
'U 

'if • 

~ c:tllJ' 'JJ ~ c!)' 0' c:t 'jI 'jI 


!fl(;'ltl'Utl'H'l'Vltl ~(;'l9f1\Oldm9J''O A. paragallinarum 9f ~ 'Jd1'J B (0222) (fltl'U ~bfl~'Ylfl1l1H"1l"l'! 

1 :500, 1: 1000 U(;'l~ 1 :2000) 

\9l1'J1~~ 9 ~1 PIN "tl~fldlll!~lJ,j'U"tl~Utl'W~!tJ'U U~~ 91~lJ~!'l11l1~'ff1l1'Ufll'Jtfl~'OlH'Yi(;'lYl 34 

c1l1J ''jI J Q)' 0' d 9 'jI d 'jI 'JJ 
tl ~(;'l9fl~lm'1ftl A. paragallinarum 9f t'Jdl'J C (Modesto) b1J~ ~9J'fltlU ~bfl\9lYlfldllJt~1J"U 1: 100 

d , 'jI 'j/ "'" c1 Q.I d 
~111~'Vl 10 fill PIN 6ijtl~fill1lJt6ijlJ6ij'U'\Jtl~tttll,l~t~'U f1tlU1Hfl~ HfI~ qr1:JJ'Yl!11:JJ1~lnJ 35 

'U 

~ Q' 'jI J c:t 0'1'Uf)11tfl~tl'Ut~(;'l'VItll~G)n~lm'1ftl A. paragallinarum 9f1'Jdl'J C (Modesto) 

d 'JJ 'JJ 
(fltl'U~!fl~'Ylfld1lJ!6ij1J6ij'W 1:500, 1:1000 U(;'l~ 1:2000) 

~l'Jl~~ 11 U'ff~~~l 00 "tl~91i'1Jfld1Jfl1J~~~1J !rltl~'J1'il~d£J9J'~'Yl~'fftl1Jfl !(;'lCJfl 36 
q q 

de! J ~ c! 0'
(VH~1£JlJt'O~'illm9J'tl A. paragallinarum 'Vl~ 3 C1f11111 

~l'Jl~~ 12 ~lff1Jlh~ftYl~"'O~fldl1JH'UUlh (CV) 'illf)~d'Odl~91i'1Jfld1Jfl1J~(;'l1J1nH"~~~~'lJ 36 
q 
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Vll'il-Jl1 lilA1 

· ~ d' Q,I' .c::! (l.I , ~ 

~l'jl~'Vl 13 f11 00 '\JB.:J\9l1eJtJl~95'j lJf1dU~lJvH~'lUdfWlm9H) MG, MS, PM, IBV U~~ ISO ·37 

d! 0 oj ~I "d ~ 'V .::1) a'Q.I 

nJB'Vl~~eJ'Uf)U9j~Vl~HYB'U(,(l~l UJD indirect ELISA 'Vl~f1f1BUrVHlVl~ltJ A. paragallinarum 9f ~'jl1'j A 
· Q,I' ~ c:! I d Q..I , ~ 

~nl~'Vl 14 f11 00 1JB'WlleJtJl~95'J1JflTU~'lJvWUlf)~eH'1fD MG, MS, PM, IBV U~~ ISO 38 

d! 0 oj ~I "d ~ ~ .::1) a'Q.I 

!lJB'Vl~~eJ'Uf)U9j\P1'Vl~ft'eJU~lVJ'U~LI indirect ELISA 'Vlbf1f1DU!"Hl'Vl~ltJ A. paragallinarum 9f t'jl11 B 

d · I Q..I' c::1Q...1 • ~ ~ 

~nl~'Vl 15 f11 00 '\JB~~leJtJl~95'J1Jf11U~lJ~{;'lUlf)\9leJ!'1feJ MG, MS, PM, IBV U~~ ISO 38 

d! Q.I 0 oj ~I ~ ~ .::1) a' 
!lJD'Yl~~eJ'Uf)U9j~Vl~~H)'U ~1! 'J 'U~ LI indirect ELISA !fI"eJ'ULl1"Y1~lU A. paragallinarum 9f !'jlU C 

~nl~~ 16 ~1f111'lJ11!!~~fllllJ~1!'V-ll~'\JD~G}f\P1Y1~~El'Urll!~\l'JLI indirect ELISA ~!fI~DU~lU 39 
q ~ 

.::1) a' 
A. paragallinarum 9f !';il1'J A (221) 

"d '1 0 d ~I "d ~0 ~ 
~nl~'Vl 17 fllf111lJ lU~~fllllJ\ll!'V-ll~'\JD~G}f~Y1~~El'U~l!'j\l'jlJ indirect ELISA 'VlLf1f1DU\P11U 39 

q ~ 

.::1) a' 

A. paragallinarum 9f t'Jl1'J B (0222) 

"d " 0 0 d ~I .d ~ ~ 

~l'n~'Vl 18 fllfll1lJ lU~~fllllJ \l1!'V-ll~1JB~G}f\PIY1~"ft'EllHY1L'J\l'JlJ indirect ELISA YJLf1 ~DU~lU 40 


q ~ 

.::1) a' 
A. paragallinarum 9f ~'Jl1'J C (Modesto) 

"d, '!V '0 d ~ I 
~l'jl~'Vl 19 fllf111lJffEl~fl~eJ~ (agreement rate) 'J~'YIll~~~Y1\P1ffElU{1'l!'J\l~u indirect ELISA 40 
d ~ '!V t::t) a' 
'VHfI"D'U~ltJ A. paragallinarwn Clf t 'Jl1'j A (221) u,,~ HI 

"d, '!V '0 d ~ I 
~nl~'Vl 20 fllfll1lJfftl~fl~t1~ (agreement rate) 'J~'YI11~G)j\PIY1\P1{1'tl'lJfflt'J'U~U indirect ELISA 40 
d ~ '!V d) a' 
'VHfl"D'U~ltJ A. paragallinarum Clf t'Jl1'j B (0222) u,,~ HI 

"d, '!V '0 d ~ I 

~l';jl~YJ 21 f11fll1lJfftl~fl"t1~ (agreement rate) 'J~'YI11~~~Y1\P1ft'ElU{1'lt'J\ljU indirect ELISA 41 


d ~ '!V d) a' 
'VHfl"eJ1J~ltJ A. paragallinarum Clf t'Jl1'J C (Modesto) u,,~ HI 

~l'n~~ 22 tmmJlliv1Jfll'J~t11HYUeJ~1JB~fliJfllJtiU'j~'YI';h~G)f\PIl'l~~H)1Jril!~\l'J11 indirect ELISA 41 
~ q q <u 

!m~HI \llflilBth~;'jlJfll'U'fllJ f!-I"'UlmL~~~"{;l'Ui~1~~'Uf)1'J f)'J~~UfliJf1'lJnU ~ eJ1'Jf1'Wr\PIlnjlUllJ
q q ~ q 

7 



ITTiUW'iU 
u'U 

v
-atl l1Ul... 

• iI • 

~lH1 1 urr~ ,a~eJ A. paragallinarum "HJftnEH'u~ satellite colonies 1J'UeJll1nft.H~tl~Uf)~ 26 
• jI 

d 91 ~ 

'Yl'fll~~lm9feJ Staphylococcus aureus 

~ J ~ 9J cl 
JU'Vl 2 Urr~'HG)feJ A. paragallinarum ~lJml'41~'UU e:l1111'Jl'UG)feJf) lmmll (GC agar base) 27 

~Id
• 

Q.I ~ 
jI 

G)9I 91 " 
~lJ'Vl 3 urr~~~f)EJW~6ijtl~~9feJ A. paragallinarum fllt1 ~~f)~tl~~~'Yl'J'Hl''U 100x 27 

• W~Id ~ Q.I ~ 91 ~ QI 

JlJ'Vl 4 ~~rr~~nl'J(J'U(J'Ut9feJ A. paragallinarum ~lt1Tljf)1'Jll'.i'Hlffl'.i~'U~f)'J'.ilJ 28 

~tl1~lA4fu,JtJf HPG-2 

• jI 

JDVi 5 Urr~~Bll'.ilf)n~ll~~~~U 11l6ijtl~~~fJ A. paragallinarum 29 

~I~ C\d QI 9J 9/ 1ft I 0 i G) 9l~
JlJ'Vl 6 Ufffl.:Jdlif)l'.id~fldllJl6ijlJ6ij'U ~lJ'.i~'U ~tI ~G}fTIi Qubit® Protein Assay Kits 30 

(Qubit® 2.0 Fluorometer) 

• jIAid AI 1~1 0 C> "91 ~ ~ 
J u'Vl 7 Ufffl.:JllJU1JU ~lJ'.ill'U 1l1nnndU)l'Jl:!:11~1t111l SDS-PAGE 6ijeJ~~'lffJ A. paragallinarum 3l 

d 1 " d 1 " G}f ~'Jl1'J A 22l (Lane 1) Ufl~ A. paragallinarum G}f !'Jl1'J C (Lane 2) 


'.i D~ 8 'fll1lJ~lt~1~6ijfJ~G)f~'Yl~ffeJuril!~1l'Jl1u1fl9fTifiJ~ indirect vf~ 3 9r1'.il1f 37 

~ q. 
~ d ~ .<!i 9J = 01 " 

'Yl!~'JtllJ6ij'UW.:J1l1nnn!flflfJU!~~'Vl~d(JUij'U~tiijU A. paragallinarium 9f ~'Jdl'J A, 8 tm~ C 


• V 
.<!i Q.I <:1 W' ~ QI 

!lJeJ'Vl~{1'fJUnU9f'.ilJfll1JfJlJvWUdn6ijfJ~!ttffJ lBO, IB, PM, MG Hfl~ MS Ufl~'Ylflffij1Jn1J 


dev , ~ d'"


G}f'JlJ'fll'UfJlJvmUdf)~eJt9feJ A. paragallinarium G}f1'Jl1'J~1~'l 
A I ~ W' d Gt 'JI """ ~I I "cl "0 I A

'JlJ'Vl 9 (a, c, e) Ufffl~iijl'Wl'W~deJ(Jl~'Vl !l1H'C11Jlf)fH9HlJ'WtlJtl'H9f'W~ (%) U'C1~ (b, d, t) 42-43 
<U 


cv l1J rI ~ 9J .ad , ~ 

Uff~.:J'J~~1J HI ~~l~fJ'J llJfJ'Vl~~H)UfllV1li HI test ~tHG)feJ A. paragallinarum 


C)f1'Jl1f (~ b) A, (e, d) B Ufl~ (e, 0 C i16th~C)fi'lJ'fll1JfllJ~fl'Ulf)U"~~flfl'J
q 

,d " 91 ' ,d .<!i 'l 9/.., 0 .J. 91 

tlf)u'U.:J!th" 5 nflll flun nfllJ'Vl 1 flij ~111flC)f'W!GJftl~1t1'Vll~nl'jfll,

<u q q 

• jI, 

f)~lJVi 2 fl6 'M'rfl;'Ut~)hJ~l(J'\Ii~~~tij~~i<j'llf A,
q 

, ~ .<!i GJ 9IW' t:S ~ d c> cS rI 
f)fllJ'Vl 3 flij ~'YYdflC)f'WtttfeJ~l(J'Vl~~~~tl.:j9fi'j11,'J B,

q 

• ", I 

f)~lJcVi 4 ~6 'M'rfl9f'Wt~eJ~l(J'\Ii~~llteJ~9ri<j,)lf c, f)~lJl1 5 ~fl f1~lJ~~lJ'flllJf1lJ~flfl1J 
q q q q 
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'U 

;elIfl'a ~fll'a1~tI (ftnn1nu) f11'i~WJ'Wl~~Vl~nHI1J~ lftC}$lrlll1~lJfll'i~ 'i 11)1~H el'W ~1J~~~tl 
q 

l' w 'jI 

~ 'i ~ Y'll~l1'W llJllJ 

(ftn:nO-lflq'tJ) Development of ELISA test kit for antibody detection against infectious 

coryza 

H~1J~Vlttf8'lJlfl'a~fll1 
'U 

~ Q,.I Q,.I o'~ <V 

1. 	 'iff.'U.ffyt.~'J.Ul~'i ll'W'Yl'iff'i~'i~tJ M1MUlifl cHfll'il11V 

(Assoc. Prof. Dr. Niwat Chansiripomchai) email: cniwat@chula.ac.th 

"" '" fllfll'flfJ1V'J f1'1 'ff~ 'J 
q 

.., '" tI "" <V 

flW:;ff~lUl1'YlVftl 'ff~ 'J 1) Wl~ ~f)'iW lJM 11'YlVlftti 
q 

39 (l.6~~~nr~~ L1'VllJ1U f)'i~tVl~<1 10330 
.. q q 

lVl'JffYttl 02 218 94121'Vl'iffl'i 022529575 

2. 	 ~ff.'U.ilYt.~'J .1l:JW J'J'JWUffd~ 
q 

(Asst.Prof.Dr.Wisanu Wanasawaeng) email: wwisanu@mut.acJh 

?I 	 QJ '" w tI~ QI

3. 	 'iff.ffYt.\l!.~'J .lJV:; 'J~'W 1l'U'Vl'iff'i'Vi'i<ifV 

(Assoc. Prof. Dr. Piyarat Chansiripomchai) email: spiyarat@hotmail.com 

fllfl1"llfi~C}$i'VlVl 

.., '" tI "" QI 

fH.u:;U9l1U'nVWftlff~'J 1lWl~~f)'iWlJM1JVWlftV
q 

39 (l.ti~~tnr~~ L1'VllJl'U fl'i~t'Vl"'<1 10330 
• q q 

111'JffYlll02 218 9412 l'Vl'iffl'J 02 252 9575 
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Ul1Ul 

1'J 'F1 til~ 'l1 UllJ llH~u 1'J f1 '.I ~ 'U'UYll~H~hI111(J1'0 u'U 'U!&(J'U'W ~u1u1 n ~ lj f11 UHflf1Qpl N 

v ~, 

!ftj1:J~ f)'O 1'.1 fl'U lj f) 1 '.I 'J ~'U l~ tl~l~'J 1~H1 l!W~'JUU 'J ~ 1flrH)\9l 'J 1f) 1'J ~~!~e:)b" ~ U~ B~j If) n \9l1tJ~1 'V1'1 hf&flfl 
... q 'U 

f111W~tJ111tJ~ e)'~~ 'ffl'l1 fl j 'JlJfll'J !~tJ~ 1 tl!d~ 1n1~ UCl~ 1 n'Viu,r 1 ~ (J'W 'U rJ\9lj lfll'J f1~yf~ ~ 'ff ~~u1'U 10tdu 
~ ,,<to 

, ~ v 

U~~f'H'I~~\9l1~Vi ~~ ~~ 10-40% l'U in"1~ 1ri-wU,3 (Blackall, 1999) 1 'J'F1i!ihltJ~l'Ufll'J '.I~'Ul~f1rHflf1UJ'lJ 2 
q " 

, ~ 

lJ~f~6ijtl ,nh~!'Vlfl''fftii'~tl!lJ~fllYiri~N~~tl~\9l'ffll1fl'j'jtlfll'J~~~ "1n!U~ (Oroual et aI., 1990) H(l~i:hn'l 

~fl1:jnlfJ~lU fll'J 'J ~'Ul~ 1 'jfl111~l1U1UllJ 10 flf~ l'Ulh~!'Vlf'( llJ1 eJfl1 fl~ri ~~~~tlfll'j ~~~~6ijtl~~~~~fl1,j 
~ 1I II 

14-41% Utl~ D~ 'J 1 f) 1 '.I fl1(J 0.7-10% (Mouahid et aI., (989) l'1~ i! 1 'j 'F1111~11 U1U llJlj 'ffl! 11 ~ \llfl!~fl 

, Q Q.I =d dd)f d 

Avihacterium paragallinarum tl~''U'UtH'' Avibacterium uvJlJtl Pasteurellaceae !tl'U!G)f~!!'Ufl'VHjmtfl'.ilJalJ 

!'U~tlJ1~i~u'U'UiJu~~"1liljtltlfl~!'U'U J1Jjl~!~'U'Vitl'U 'll!fi~eJU~ U~~!iJu 3 antigenic type ~~ A, B UCl: C 

'j/ "'" 1 '11) d d 0' 1 .ci, •Q/\9l~~fl1'j V factor llJfll'H~'U ~~ tltJl~ !'.Ifl~llJlJjltJ~l'Ufll'j'W'U'ffl(J'WU~EtJ~~!6Jf~ A. paragallinarum 11 11 

'j/ "'" "" ~ d 'j/ , d d "" ~~~fll'j V factor 1lJ f)l'j!\ljtlJL~1J l\9lf1'j~u'jflYlutlmflll~ (Mouahid et ai., 1992) U(l:~~1I1Yl!lJfl9f1fl 

lIJ d .l 11) 'IIJ' '1 'Q.I o'd 'j/ d " 

(Garcia et aI., 2004) 1lJ'lh~!Ylft ~'Yl(JlJfl1'.l~'.Il'U'W1J!GJH)llJ H1 !6ijU~~ f)'W'U1iYl1J'j~fl~'U~l(J9fl'jln A, B 
" 

."..::,. 0' 1 .., 
U~~ C (Chukiatsiri and Chansiripomchai, 2007; Chukiatsiri et aI., 2010) U~~'Vi1J~'U~fll'HU6ijtl~ !'.irll1,)~ 

'j/ 11) 'j/ Q.I 'j/ ~ Gj 11)' d .ci 
YI'Ul1Jlll !~H'fflJfl Thitisak U~~flW~ (1988) 'jl(J~l'U ljflYl1fl'l1UllJ1lJ'F1'J~!!'jfl !'U1J'j~!'Vlff ~'VltJll!tl'U iHll1 

lIJ 'JI , ?I Gj 'JI "'" Gt 11)' 'j/ v , ~ ~ I ~ d 

'W'lJ ~~1J~tJ !W~!1J'U ftl!'l1~ ~l1!fWlfln~lfJ ~'U bfl'UTU 61VlHWf)11 2 !~fl'U YI'.i~1l1f)f)11 6 !~6'U H~:1l'.iltH1U " . 
, J , 'j/ d" , ~ 

11t6Jftl A. paragallinarum ff1lJ1'.itlf)~ i'.lfl1~m'W1~9fi'.ilTi A U~~ C !'VllU'W (Neramitmansuk et aI., 1995) 

, 1 d" ~ ..,
~~1I1 Chukiatsiri U~~flW~ (2010) 'j1fJ~lUfllj'WU!GJffl A. paragallinarum 9f1)11) B Utl:'ff11l1'.itltl'UVlJflT.i 

~ ~ ~ . 
ri~1 'jflfl1~U)f)1 u tl 'J ~ 1'Vlft! 'Yl(J !~tlihWfl '~~lf)~l~£h-l"tl~1ri "1 ~Viu'ff~~ ~lfl1'j'YlH'j~1JU'Vll.:J!~'U111tJ'" il 

JllJfl U(l~'W'Ufllf)l'JtiUl'lJlll ~1lJflU~(l~~\9l1~~ft~r"~
'U 

fll'J ~ 'J 111~~~11l'j~iufliJ ri'lJ flU !~'U1i~ihh ~ 1fJG}fu1 U f)l'jlh~!ii'UtJ) ~ ft'Vl~ fil'Wfll'.i1"
<to " ,. " 

l'fl;'U !~ eJ fll) 'VI 1 ~ 1 ~ n ~ 1l1!11111 ~ fflJ 1'U f) 1 'j,H1tlCiU U~ ~ fll 'J th ~ 111 'U fl11lJ 6)ffl6ij ~ ~ 1'j fl ~ Pll~6 
" 

~ . " 
(Noonnohammadi et ai., 2002) 'Uijfl'U1flcWrJ~G)$1tJ''Ufllj~iJ'U,r(J 1 'J 'F1 9f~!iJ'Wlh~1V'tfu1 'U fll)f1~ 'n~~l:;O 

" . . ,,,~ 

tH)fl\llflH~ (l~ 1 flf)l'ffi Uflnu'Vi<.h~~EtJeJ~ "1ri~~!~~Yl'1iUff~~fllf)l'J9f ~!1:J'Ut!YI~~f"i 'JfI~rilf1UJ i"tTUfl11 
'U u 

~'.il'il~fl~ llJ'J~ ~'UnlJ ri'lJfl'U~ij i 'jrl111flYi U1'lJ111 ,f1t1Ditft11lJ 'ffUHfftH! tl ~,f1(J1HUffW1'U fll'j~6"fl'UUU= 
~ " ~ u 

rl1'U~lJ 1'.1 fI 1~ 1111 ~ 'i1''U fll'Hl'j1'il'.i~fl1J U~'W ~'U6~Rt) l1fl'VI 1~ 'VI U1 'U 111 11 tJlJl,r1~ hemagglutination 

I d ~ d~ 
inhibition (HI) (Chukiatsiri and Chansiripomchai, 2(07) 6Vl" '1 'jf)~llJ11i HI 1I"'U~6UlIlfl 11lmij'Yn~fll1 

10 




If~H\PIj tllH~ ~Hft a~ U~~ ~nfll11J rllflTlJ~af)11 'Lb ~ dJ'W vHl ~'U n fll11J V~ tl1 f)~a ~1~~~] ~ ~ 1'W 1'W fl1] !lllHft fl~ 
" q 

w ~ ~C\ J ~ I "" ~ 
~ ~ ~ ~ fl1 ] U~ f11 ] ~ ~ a ~ 1111J (;Y fill ~ tJ "a ~ ~1$ a 'W a fI 'ill f1 'W 'f1111J 11 hi hi C) 'W 'tJ C) ~ ~ fl fl1 ] tJ ]~ ~ lJ 'W a 1 U! 'l~ 'W ~ fllJ 1 'i) 1f1 

m'lJ 1W1~~1fta~U~.:jU"~fll1lJinnTlJ"a~u~ (;1 ~ 'U 'f1 'fl (;1 1 hlif\nl1Ju n HI 5~ !:l-hY1lJ 1] fl~\PIj tllJ 1'W ]1JuU'U 
U Q 11 qJ 

~~\PIfiwcyfff11~ 'i)~th1~m;.:j~lWG)f~~ ~(h~1J fl\PI1lJ iJfl1]i~'W 1f11]'Vl~ffa'U'Vl1~9r~lJi'Vltl1~1tl1TI blocking 

"I 9 ~ ~ ~I .d C\ 0 d lfJ G] w.d
EL[SA ~~tl!G)f monoclonal antibody 91~', 1J'Wfl1]Yl)Ol~a'U'Vl1Jfll11J'i)11'Vn~b'I',aJ1f1 Ufl~lJfll1lJ ~1 ~'W]~~'U'Vl

'" 
gJ gJ 

tl~'lJf'U 1~ (Zhang et al., 1999) u~Y]~Unf)11 ~~ fI ~ 11cJ~ijoUfl~ln~ l'Uri fl1tllh~f11] 1~~1n (l) U monoclonal 

antibody !l!'Vn~ril'\1~1J9r1]11f A u,,~ C \PI1'lJ Page scheme ~~J'UTh~b'I'l:U1]tl'Vl~b'(au'J~~'UiJiJ~:utlU~fl 

2 951] 11fdl~!'Vi 1tTU (2) monoclonal antibody ~ ~! ll'W t1ll 'i)rl1fltlJ'tJa~lTI~ lUb'I'llJ1] tl'YY l~a 1~~11tJ (3) 
'jI ,jI 'jI 'jI gJ 

!95fl A. paragallinarum Vi~!tlf11~U1.:j~~C)11hl1'lJiJmcJ1nu monoclonal antibody ~~W't..!f11J~~!~a!li~lill11 

ff1'lJl)fl\)f1~)1~~ltl1% blocking ELISA 1~ (Blackall, 1999) 'i)1f1,jfl~ltl~~f)~ll,j1.:j~'W ~lfCJ~,:jU!!Ulfi~ 

A. paragaflinarum 91 

, gJ 

, 'W fll ) i WJ U 1 G)f ~ 'Vl ~ (;Y tl U ff1 !~ ~ ) 11 
q ~ 

indirect EL[SA ! Y; tl ~ J 1 'i) 1~ 'J ~ ~1J !! a U ~ 'U a ~ ~ a ! ~ C) 

.C\'l <I CJ CJ ~ CI~ IIJ~ 
~ 'jl1'J A, B u,,~ C J 1lJ tl ~ fl1) r1'fll:llfJW (;y1J1J~UfJ~f111lJ ff1lJ1'J fl ~ ~ ~ 1 'W !)Ol'tJ ~~G)j~ 

'Vl ~ 'ff a 'U 1 ~unfl1) 'Vl~ (;yc)'U fll1lJ 'ff1lJ 1) tll 'W fl1 J \9l J 1 'i) ~1 (repeatability test) fl1) 'Vl ~ 'ff~ 'U fl ,)llJ 11~tI 

(sensitivity test) U"~f11'J'Vl~'ffc)1Jfl1T1Hhl'rn~ (specificity test) !~tlVt~'i)U"h"~'Vl~ff~'Uri1!~~~t1 indirect 

ELISA ~flW fflJU~fll11J ll~1JU"~fll1lJ~1!~ l~ ~ 'ff -:I flllti1fl!Vitl1J!r11rl'UlTI HI ~~!tJU lTIfl1J ~1~il1 tJ 
q ~ 

ri 1li1'U f11 'j ~ 'j 1 'i) 'j ~ ~1J !! fl 'W ~U a ~ ~ fl 1 ') f1lil~ li t!1 'U llJ 11~ C) , II J~ e 1% fl1 'j ~~ fl ~ 11 £T~ 'ff 1 'lJ 1 ) tl ~ ~ 'W 

tI J ~ lt1G)fU~tlfl1Jiu 'i),rtJU"~fl1)t~11:1'-31) fl ~ 1 fI fl1 'j \PIll'i)~~~llJ)~~'UU~U~1J~~~~ 1 lfl111~ liU1t11lJ 

gJ 

U elfi ~ 1flUTh~ lfl911rJ~~lh~1tl'lnJ1uflTH'lCfl'ffu'U 111'W TU~ltltJl-3lJ1fl~ i~~~~lHl'Ul'UnfJ1!~tl1n'W l~tl'~ 

uU'W ~~~'WmlJ1W,r~tl~.:j~~C)f51U1tl~Ofl1)'Vl~ 'ffel'U U'U'Utl~1hllJ1i 11~t~1 ff1lJ11fl1!fl'j1~lf~fJ fl1'j'Vl~HH)1J 

~1CJf1 ellJYi1!~tlj ffl1Jl'jtl1h~l1rJ~H1"1 u,,~u 'j ~~ 1'W fl ~ 1~lJlf1 'W~fl'i)1f1e£T~'ff1lJ1'jflfJ~i!~ lfmttl) tI J 1U"~~ 
~ d ~ IIJ I 1fJ'0 ~ d ~ 

~fl fl1 )'Vl~ 'fftl'U !'W tl~ 'i)11lf1Wfl1~~~~tlJ,U"OCfl H~ -:I ~ fiU fJ ~fll1lJ LlJ'lf1'U1TlJ'tJ tl ~ ~'Vl~'ff~t1~fWnti 
q u 'U 

gJ 

el 
q 
~ 'fflri f1) 'j lJ fl1'j t~ tJ~1nlu111:l')'ffl 'Vl CJ iJ fil 'j1~lfl9r'W 'l1~~ tiu 1 )fl111~l1,r111 1lJ u~ 1-:1 t!~ 111"1tl 

1~tI!l1~l~1ulri~uiu,,~'nl~ u~l lff'YI1'Plli Ul'U 1'lJ!1J 'W 1'jf1!~tl1~£T~ luu"~'Vl~'ffa'Ut~-:I~ 1W ~rJri1'YY ~1J 

fi1 J \PI) 1'i) 'j~~'Uu~'U ~Ufl~'tJ tl-:l iri t.y10R~~ 1'lJ 'ffEU fl1 ~ 'tJ tl~ infi1tll1 ~~ fll J 1 M lfl9r'U ) 1'lJ t1-:1 fll J tI 'j ~!11u 
" 

fftl1'Wfl1'W1)f1J~'U1~'U~U~ffll1~t1flT;fW1l1)W 1t1flb~f1f11'j1~1f19r'U 'YY 1f111-1ijfll))~'U1Cfl'tJ a~1) f1 1'W.yf'W~ 

~~J'W fl1)vr~lJl~Cfl'Vl~'i:Yfl1Jff1!~~)11 indirect ELISA lCfltJ'~t!fl'U~h~u !1Ju t91"~UtlflYh1 CJ~u,f'W ~ Cl'W'~ 
q ~ 

cv ~ ~ "" 1fJ' .oS d eI. ,J Q.I <1<::1 
C1flJ C})'au u~~~u 'VlU fln rm~ LlJff~lJlfl ,.,ulhaJ J ~ ltJ~'U ~flC)~'ff1l1fl'j 'j lJ f11 'j !~tl~ff~n1Jflfl1 CJ'u tJ 'j~ t'Vlfl' 

q . ~ q 

!iJ'WU~1~lJ1flluf)11,r~fl1'ji1TlJl11ff~flll1iRTIJfl1'Wvhf'lJ 
U 'I 
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II 

~~n IH !~11~11f)~HbQ W1Q~Htt(1L,tt1-1,~1-1-1, ~ ~1Q~~QI1~nQlnQr\; t' Q ftllI1G~!.LUL fiU~Q~1 "£ 

I1QQ~IA.~~t'Qfb (Al!:)!J~:)dds) ~LMR~ItLt~ 

~~n (Al~J\!l!SUdS) t~rtLt~ftL~M,b \lSI13 l:JdJ~PU~ rtt(1~R~I1QQ~IA.~!bt'QfbMLU~lAg::!.l1lfiU~Q~1 "Z 

Q~1Q~ ~Q 11 ~ nQ1111~~ !. ~l-OJ t 
r!i 

~ ~11 £1-1, l ~ 

J ~~n 8 '\I tLt!.lJb Ulll.wu.1/lv'fiv.1vd"V ,P P 

\'S1'13 l:JdJ!PU! ~ t £1 ~1L ¥ Il ~ ~ ~LA, ~~U 'UM,tA Q~1 "I 



~ct 0 ~ ~ QJ 

11iVll~UUfll"i1'i)tJ 

fll';i~l~ihHll'jl'il(J iJ 5 'j~tI~ 'th~fltlU11";lfJ 
, ,., I 'jJ , 

l~U~lll f1l 'j ~'Wl~~~m~~~~VilJ ~ l'U l1-H~()U1Jfl'Vi~ (J ~~ t)1i'~~'1 (JlJU()U~~ttlU rlll1~UflnvrWJUl 
o ~ ~ I 

G1f~Yl~fftl'tHn~'j~lU indirect ELISA 
~ ~ 

, ~ 

c:t ."g '" """ ~ 

l~U~'t1 2 f11'jfYfl1:l1()~)lfll'Httl'jqJGU()':HG}f() 


, 
c:t d """ 

l~U~'t1 3 f1l'j~~'jtllJUtlU~~~U 

.d.., 0 d ~I 

l~U~'t1 4 f1l'j'ViWJl,\lG}f~Yl~fftl1Jfflt'j ~'ju indirect ELISA 


~ ~ 

.d ""'~ '" I "i .., ~ ~ Q.c1 

l~U~'t1 5 f)l'j~'jl'il~lJ~lJf)U~t) ~'jfl'\1l~11'W1UllJ~1(J1'fj Hemagglutination inhibition 

(1~ lJ1~ 'j! 1U rlll1 ~1J tmtJ 'U rVi (J1Jn1J 9j~VI ~ ff tl U '1:Yl t'1 ~ l LJ ind i rec tELI SA) 

I 91' ~ I 

.::i ~ ~ 0 ~ .::i.::i ~ Gt'1l .::i "" 0 v v 
l~U~'YI 1: flll !'Y'I1~!'lH)H~~t'YnHl1'U1lU'lH)H'Ufl'YItlU nUl I'HVllfJlJHelUVltll'U{;l1'Hl'Uflll'Yi~'UlttfVll1ilil8\J

'l 

~ ~, 
~ ~ 0 ~ .::i.::i 

1.1 flll!'Y'I1~!'lH)H~~t'YnJ1l1'U1'U!'lfelU'Ufl'YItlU 
'j} 

1.1.1 t11t~eJHUf!Vli1t1 A. paragallinarum lJl~'j!TW ;i'j11f A (221), B (0222) U~~ C (Modesto) 

~1~ lJ 1 ttl 1 f) l11l 1 (J 11 iiU~ fll 'j 1~tJ 'Q''\J fll 'Vi ff~ {tJ fl (Avian Health Research Unit; AHRU) fl W: ff~ 1­

~ ~ "" .., 'jI ~ d 
U'W Yl tlffl ff~ 'j ~ Wl {,"\ ~ fl 'j WlJ1111Yl tJl~ tJ lJ 1 streak ~ ,HJ1.H)1111 'j 'pH~ t)~Ufl: (blood agar) ~lH~1J plate 

~ d <v 'jI d,d dt d I I & 0 ~ 
ttllflU'W'tI~fll~'VlU\9I1(J Staphylococcus aureus tlhJltJffllJ!l1~(JlJ t'V'HHll'WUl1~.;j'tltl~ V-factor 9f~111llJ'U''U 

fll'jt~1qJt~'U 1~6ijeJ~ A. paragallinarum 
,!I • 

o ~ ~ d I 4 'jI I G] "i d ~ ". dd 

1.1.2 'UleJl111'jll,\~~tl~Ufl~ 'Vl~l'Wfll'H'Vn:l~OU~lUlJ ~'U ~tltl'ltl'U (candlejar) '\1'jfl~1JlJl111 

fll{Ufl'W L~ ~H)fll9f~tJ'j:lJ1W 3-5% 11 1f)tT'W l1nf~ itlllltJ'U L11th/it-J ~UlJ~flW '\1 fliJ 37 fl~ffll'1fiH~hH" 
~ q ~ 

l~un~l 24-48 i'1 111~ 
') ') d d.., 1 d ~. ~ "'" ~ 

1.1.3 ~fI ~{,"\'U"fl~ A. paragallinarum lJ~fl1:jW: if 1Jl..! 6ijUU!1tJu tff'W~ltIUtJfl~l~ 1lJ~HH1JRI11"~ 

d d dt dt III] 11]' .: & c:::.., d d I

lJ~'W l~H~ fl ~ ~ t'j eJ (J~ III ()()tJ 
~ 

~ fl~ ttllfl S. aureus ttlU ~lJ~Ul'tf{H~ tJ Clf ~ ttJ 'W ~ fl1:j W:'VH'j tJfll1 satellite colonies 

<!! dJ d "i "i d,d 'jI <!! d ~ '" 'jI

mtlfl A. paragallinarum 'Vl~u~llu ~fl ~'t'll..!~~tlllJl streak "~1J'UUl111'j1umV~Hlfl:tlflf!'j~U~~fllf1111Jfol1tJ 

S. aureus ~lf)J'UU1Jl'U imYitJuH~~UlJl'U~.ulJ~tlWl1fliJ 37 U~ffltClf{,"\l9ttJ{y t~'Ul1't'll 24-48 i'1 ilJ-3 
'U ~ cu 

o d • " ~ ~ d d d "i dd d 

1.1.4 'Ul A. paragallinarum 'VlH1U nl'j~~tll111'j11nuU~nf1~ fl'j ~Yl 2 'VJUUfltllU if! ~~lHflU11Jl"~ 

'jId') .d ~o .A'G]'jI ~ 

~~U'WV1111'j1'UG)fflf) tflU~~ (GC agar base) !'Vi~H'WlJ111'U11H'lftl ~ 11111 fl'tl'U 
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o 'j/ d ') t'LI' 9 ') ti 9 'j/' -d r.:. 
1.1.5 'Wlell111)1'W~Bf) ~f)Ufl~ (GC agar base) bU'UlJ b'W btHVltJ'W!H'l~ bU~DlJ'VnJru <yuJlJ 37 tl~rYl 

ti ~'GJ 'j/' -d C\ <I' ·11 lfJ <I' d ~ ~ _'1l ,J~qf~H9W!;l' '}1)BDlJ b'W~DlJVllJfll)Df)'W ~tltlf) bqf~ 5% !UU!1fll 24-48 9S11lJ~ ulf)'W'WlJ1CH9Stl~~1'Uul11n
'U 

I, 'j) 'jJ 

n1~1 TMB broth (Blackall and Reid, 1982) rV1DrVi1J~1'W1'W!~f)1,r~mlJlrulJlf)~Bril11fDf)1)111L9ftl1tl!,j'1 

fff) 'J ~D 1'W f)l) !1l1 tJlJ Utl'W ~!u'W 
'U 

., 
o ~ ~ "tv vo::::> <:I <:I 

1.2 f)l'HllHlHW1H) Avibacterium paragallinarum AVltI AVfJWtTlJtlg}'YI1.:JVlUUJ 

d ~ 
Vll~l.:J'YIl f)l)'YI~HYtl'IJfJtlHYlJ'UWU't)~ Avibacterium paragallinarum (Chukiatsiri and Chansiripomchai, 

2007) 

fll".iYlVliJtltl 

Colony hemolysis 

Morphology 

Nitrate reduced 

Indole 

Catalase 

CO2 requirement 

X-factor requirement 

V-factor requirement 

Delta-ALA utilization 

Ntlfll ".i'YI~ 'tftltl 

-

gram negative rod 

+ 

-

-

+ 

-

+ 

+ 

."." Q ')')d. .,gc::'l'"
1. 2.1 ~ 'Hf)~ ~ f11HU ~ f)l)! 11'if\!'\f tl.:J bf'l b ~ 'W U'IJ 11 satellite colonies 9f.:J!lJ'lH'l f) 1:J ru ~! 'Q vn ~ 6ij el ~ 

d 'j/ Q/ ') ') ') d d, I "" 'j/

Avibacterium 'YIllB.:Jf)l) V-factor 111f) S. aureus H~~~f)lJru~ b1HJ'jtl'IJ6ijtl~ bfl bfl'Wl'l lJ!f)~ hemolysis U(;11 

o 'jI ') _'1l .: d 'JI 9J I lfJ 0' 9J 0 GJ 'jI 'JI i lfJ <I' ~Q/

'YI1fll'JVellJ Gram's stains ~~HJUlm'tfflTlftfl~f)l'J(JeJ'lJ~~D'WU~'W~ b~~!!~l'YIl ~l1tll1~ ~Vf)l)tl~~ b~\QHl1'Wtl 

lIJ.C\ , '" = deS': I 'j/ .C\ 'j/ 'j/ ~ 'j/

rtJ~d bcW 11t1~~ crystal violet ~.:jD'U~ Clfl''W'U'Jntu'YIlJ!9SflB~ tlfllJ'Ul'U 1 'Ul'Vl gl~fl6f)~1t1'UTth~.ul U~l 

'j/ eS 9J 'j/ ~ ~I _I 'j/ d 'j/ 

(YHJ\Qlffl)g~~lt1 Gram's iodine ~~Ufl1JUllJ 1 'Ul'Vl~1.:Jtlelf)1l1U'U1'1J)~lJl U(;1~gHff ~lt1ffl'Jft~~ltl 95% 

Q d'j/ 'j/:: 9J 'JI ." 'j/ "",.c:I'jI 'j/ 

alcohol 'Ul'U 5-10 TUll1 ~1~BBfl~1UlJTd'J~.ul U~ltlBlJ'Vl1J~ltl safranin 'UTU 301lJl'Y1~1.:JeJUfl\Q11tJ 

~ 'j/ I 'j/ 'j/ ~ Q.I 1" 'jI 0 lIJ 'j/ 'j/ <I' d ..,
'W l.u 'J ~tJ1U~ ') 11 g~)tI'11 Ul1 ~l1) B9flJ l1Ul1~ 'W 1 ~ 11 \Ql f) ltJ 1~f)gC)~ 11 ~'Vl)) ff'U !'VH)flgfllHl!~ U~ ~).u 'J 

I 

1.:J 6ij el ~ 
'U q • 'U 

d.d 

U'Uf'l'Vl!'J£/ 
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, ~ 

1. 2.2 U1UUf) ~ {1 (J cVi 1 <fl1J 1 'Vll fll ') 'Vl ~ 'tHJ U catalase test 1 ViHJ 111 (J !~ el U 'W H~ '\.H"l (l ~U~ ';111 (J ~ 

J 'j/ ~ '.0::::. .0::::.= '" 
ffl'i (l~ ~ ltl 3% hydrogen peroxide ~ ~UlHGj5eJtll!tJl-J A. paragallinarum ~~, 1J !fl~ 'tJ!] fl'HllflUffl') (l~(lltl 

hydrogen peroxide (catalase -) -ffTW A. avium ~'HlJl-J!~eJ~luneJ lH;1''U1n~~'li'f:-H'l catalase + 

o q <:I d IIJ 'jI '1 <:I 

l.2.3 'WltrtH1Vl!'J(J'YI b~lJl'Vl~ffeJU porphyrin test b~tll'il'J(J1J~l'JrI~rlltl ALA (gamma-· 

II II 

aminolevulinic acid hydrochloride) 0.5 ml. l'Ul1~eJ~ microcentrifuge '\JU1~ 1.5 ml. ~lfltTl,!thm~eJi)lfl 

'j/~ '1 Gi' IIJ 'j/ lei.:, d ~ ~1
eJl'l11'Jl'W~eJfl bflU(l~ ~fftn b'tJ Hrl1'U1J'VleJW'l1fllJ 37 eJ~fl'ltC)$(lt9HH" tt!unj;'l1 24 951 1J~ rHJ~ Kovac's 

q q ~ 

'" dei= ~ dI .:, ei d~ q 'GJ'jI cv 
reagent 1-2 l1tl~ ff,:jlfl~ff'VHfl~"uU 9f~'l11mfl~flnt,j(l(J'WffttJl-JffGj5lJll H~~-:Jl1 b'YI~·ri:'\UlflflU porphyrin test 

,,£ ~I 0..0::. GI 'j/ r.J 

9$~tu'WfJru~1JU~~cH A. paragallinarum i)~ b'l1vHnnflflU porphyrin lest 

o ~ " '\ QJ

1.3 fll'J~lU,"flnH) Avibacterium paragallinarum b~tlfll'UnllltH)1JtJl";iYn-!1jfl"fllJ 
II , , 

11 1 t ~flUUfl)i ~ tlYi!!tJ fl1 <fllJ l~ ') 1 i) ffeJUffl 'j 'W'W Ii 
q 

fI 'J ') 1J 1~U't11 fll 'J!~ lJ ,)1'W TW 'tY11 'W'W Ii 
q 
fl') ') 1J" eJ ~ 

J'j/ II] 0' 0' dJ<:I~ cvd' 
tGj5eJ~ltl b'W'JtlJfl'i HPG-2 C}f-:J1J'\J'W~el'W ~~l-J 

'" <l.' 1 J eiJ 'j/ ~ J eiJ J "" 
l.3.1 fl1'ifffl~ DNA i)lfl\9l1eltll~tGj5eJ'Vl'lJ'UU'W GCagarbase l~wl95loop !fl'lJ!Gj5eJ'Vl~l,!u'Wvrwvn 
~ iI " , iI 

d ~ G! 1 ~ GI dd <l.' 0 IIJ ~ I G! 'j/
fll'l11'it~W-:J!G)j'eJ tfft'lHHH b'W microcentrifuge tube 'VllJ sterile PBS 200 III i)lfl'W'W'Wl !1J vortex tW~ b'l1f111lJ 

'j/ '1 GI'j/ d d d' J'j/ d 
'H)'U b~tl t G)f heat block" 98 el-:Jft'1!9H'H9ftl'tY 5 'U1'Vl 'Jl'Uu(JmGj5e:l~Jtl benchtop microcentrifuge 'Vl 17,000 rpm 

t~'Un(ll 5 'Wlli 1l1fnrlJt~U-ffl'W'~rll'l1fU!~'U DNA template !n'U11~ -20 el.:lft'lt9f(l~9f(Jft ll'Uflil~~ 

'VlVil't'le:l~ 

1.3.2 flnl'i111~mtll PCR t~~mJ'tY1'Jtflii~l~lu,j~mtJ1 PCR lfltlli'1'WftlJelfi~lU,j(l~\llfl Ch-en 

U't'l~f1W~ (1996) (NI5' TGA GGG TAG TCTTGC ACG CGA AT 3'; Rl 5' CAA GGT ATC GAT CGT 
. . 

4. '<::1 
~ 

& q 'j/ c> 9 fti
CTC TCT ACT 3') nUl1J-:J95 A. paragallinarum 91~ !l1H(lH(l~ b'U~lJl~u'J~1J1W 500 base pairs 

o _ loQ,",""", ') GJ 'j/ ~ 0'1 1 cI ,
1.3.3 YlllJgO"ifJl PCR b~V bG)ftf1'Je:l~~'Vlij'i 1J 9Hf1(lij'i1'U MJ Mini Thennal Cycler (Biorad, USA) 

~J'U~el'W~el-:J,ji1mrn i~rl Pre denature step 98 {)~fl'1~CJf(l~9f(Jft,fJ\H,}c\1 2 'W111 30 1'W1~ 11i:l~1l1flJ\Jl~ 
<::1 d .,. <::1 

Denature step 94 0-3tll19HUctrVff 1 'Wll'l Annealing step 65 ~Hffll9Sil19HJ.ff 1 'Wl'Vl Url~ Extension step 72 

d .,. : 'JI d cd d d

fl~fflt9f(lt9ftlft 2 Ull1l1·nnJ~ 25 'Jel'U ftVil'Vllmilu Final extension 72 8~flltctr~H9fVfftil'Wn(l1 10 '\.ATVl 
q 

1.3.4 ~'iJlltf8UN(lf-l~~fijlf1t1iimtll1Vilafll'J(vh gel electrophoresis l~vl~ PCR product 5 III Rff1J 

n1Jff 6x loading buffer 2 Jll ~1'W 1.4%) agarose gel i'U O.5 X TBE bufferfl'j:~U~'~ 100 11(l~ n(l140 'U1l1 

o <::1, 1 r.J " 'Gl .c:\ 'j/ 'j/ 'JI 
'Wlti)~'YIH1'W~lJ~ijU electrophoresis U'lf b'Wftl'i,,:,ntl ethidium bromide 'Wl'W 20 'Wll'l U't'l1(l1~!\l(l~1tl 

0.5x TBE buffer¥t'.il'tJ8.'lJf-I~f-I~~~U.:l,jiimtll~lflU~'W gel flltl'~U1U UV '\Jfl.:l!flitl.:l Gel documentation 
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. ~ 

ct .:::S V' "" ~ 
'a~U~'t'l 2: fll'HHll41f)~'alfll,)&1l')ty6ijf)~~'lH) 

iI • iI iI 

1111f11tliJ6ijtl,:j~~tl A. paragaflinarum 111~'IJ'U!'V'ltl'Vltl1l11(H~tI,:j~~tl GC agar base lJ1ihU(l~'U'U 
. 

D1111 'H~ 
~ 

tI ,H ~ 
~ 

tl supplemented test medium (TMB broth) 'thJ'Vl fJ un1 iJiJ 37 tl,:j ffl ~c1HH9rtl'i;Y ~ ~tJn(ll 24 

, 'j/ iI 'iJ , 

Gihl11.:J ~lf)U'U~)pH~D''W TMB broth U~lJ1ru 100 ~llJ1t'V'l1~(l,:j TMB broth ~Ofli'~ ~~eJfffllJ1ill) 
'}.J I ~ I t 

~'il1qj~~'IJ l~1Jtl-:')~~tl A. paragallillarum Vl'J~tI~n~1~1.:J11)PltlulJ~nnhl~~tlil1lJ~Y1 3,6,9, 12, 15, 18,24, 

,J cj~ ~ J -1,J 
30, 36 U(l~ 48 1Jtl~f)11'Ull~9feJ m'IJ'tItllq!(lff'J1.:J growth curve 1Jtl-:')~9feJ A. paragallinarum thleJ1l1nmtl~!91tl 

TM B broth !! tl ~ ! ~ tl f) 1 ~ tI ~ ~ 1 ~ 1~ ~ ~ ~)Pl t 'W f) 11 ~ n'IJ ~~ til !~ tl rl1l1 i' 'IJ 11 1~ ~ eJ 1U ~ ~1~01 ~ '\J 1 hi 01 'j !~1£J lJ 
Q ~ 

• ~ iI 

Htlhl~h~'W~~ tl'WWJ 'W 191~'Vl~b1tl'IJ~ i~cHl l1~ tl!~l~ tllJ!~eJrin1 1'U f) 1'J 'Vhlfl9rt.H~eJ~ltl 
q 

.::t .::t "'" 
'a~U~'YI 3: fll 'J" !VI'UJtlUf)'UVI!ll'U 

.::t "" 3.1 fll'J"!VI'J"tllJUf)'UVI!ll'U 

fl1 'J! ~1£JlJ UD'W~!~u rin1 1'U 1 ~1 'W fl'J ~U1U fl1 ') 'Vl ~ {'I' tltJl'll,:j fl iJ f1'lJ fi'W 1'Y1 til l1~ tllflfll'j ~ tl tJ 
'II q 

'ff\.,ltl~"tl~'J~~tJUel'U~'lJD~~D 1'jf1111~11t!1'Ul1J ijnfll'jl~1tl1J 2 U'IJ'IJ ~D 

(1) f) 1 'J !~1 till ~9f~ ~U '\J fleVl ~1 tI~ ~ 1 'W f11 'j 111U~ ~ltll 'V'l Ul'l 'ff !9rtl1J 1'V11 D19ftll! 'W ~ (Potassium 

~ 0 GJ 3J rI ~ dt ct.d '1 d.:o..c:i 

Thiocyanate; KSCN) U~1'Vl1 ~ l1 ~9HH'l U~f1~lt1fl tl 'U! fftl.:lf1111Jtl ~ ~ (sonication) !~UlJ11jfl1 'J 

31 

c! Q.I<::1<!! 


!~'Jtl1J )Pl.;j\.,l flD 

31 • 

!'Wl~!~Dh..! TMB broth U~~ GC agar 24-48 GJfl11J,:j 

ct J q ~ GJ ~ J .J J ,~ .d<::1' 3J
fl'JW!'W1~!9fD ~'WDll1l'H!6ij~ ~l1"~!9fD~lfl'ill'Um£J,:j!91D1ff n.!l1(ltl~'YI~fltl,:j'YIll PBS lh'!(ll~

'II 

'iI • 31 31 

!~tlVl3000 -4000 rpm 30 l.!1l1 ~1U PBS nell.! 1 flj~ !'YIffltJ1'ff11,:j 

31 • " • " ct <!! q GJ 3J~"I' <!! d <d , GJ "" ~ 3J 
fl'JW!~l~!9fD ~t.H)l111'J!l1tll !l1lJU!'lfUl1 3000 - 4000 rpm 30 t..!1'Vl !'YIff1t..! ~ffl'1~U"1(l1~ 

" 'JJ

~ltl PBS tlDU 1 fli'~ !'Vlcil'Wlffl1~ 
'JJ " 

t11!~Dl1tf'W~1~U~1lJ1U11Y)P)~1tJ KSCN 1~tlfll'J!~1Jff1'J(l~(lltl'tltl~ 0.5 M KSCN + 0.425 
, iI , • 

<::1 ~ .<!j d 3J ~ ~ ~d Q.I " d

M NaCll'l pH 6.3 "~tl.!!G}ftlVltl1,:jUl:ll ~'HlJ'j~)P)tJfll111~'Wtl~Vl 5 McFarland turbidity u,,~ 

• I J ~ • , d .d "'" d ci, '1
U'UUf)1,:jt'Iftl~lfJU'YI~U1J!l1tlfl (magnetic bar) 'Vle;pllViiJlJ 4 DC liJt..!t11:l1 2 'Ifl tlJ~ 

111UUf1l1~fJ't..!~1':i"~"ltl KSCN 111 sonicated tlJun(ll 4 t..!leVl40 ~hnYl ~1'U1U 2 flf~ 
'iI • 

(~~ ilhUfI'HJl1 : pulse on 40 off 10, fll:at{'l'ivh~l 40%) ':i~'H'j,~ sonicated ~6-3,1~ 
~ ~ ,~ 


'U lU'tl~lH1mtl'U 


111 sonicated bacteria Jt..!~l~~lt1~l'j":"ltl PBS 3 f1f.;j 
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v , 
~ 9 d I 'jI

f1~f11mG)fEJ ~lHn'Jf1~f11tl PBS Vl1 'J~flEJ'U~l(J 0.01% (v/v) thimerosal 

c:: .J iii 'jId c> d '"" 0 iii ~ 19 'j/I

mlJ~G)fEJ ~TY1EJru'Y'lfllJ 4 °C ~u'W'J~tI~nf11 4 lUflEJ'U'Ul ~lJ ~G)f~lU
~ 'to 

'"" iii ~ 11 ~1iI ~~ I 3 9'j/ 1~'J111{YEJ'U'J~1\'U ~~~~f)'J1JEJ,:jb (lH) tl1 ~~l~el'J~l~ (2 - 2 ) ~l1 fix \·rffl'Jf1~f11tl thimerosal 

d ~ '"" '" ~ c9. '"" '"" iii 0'1 IC! ~ d.d cl II] 'jI
'YlBtu'Y'lfllJ 4°C U1U 1-2 (YUifll11 Uf1111~~'J11l1~'J~1\lJ ~~~~EJ'J 'Y'IlJtJflfl'J~ fl'Jru1'1bfl'U bl 

~ 'to 

~ 'j/ II) o'<v ~ 9 'lJ d J 9 I

1-2 t!flB'W H(ll b~l~tJ'JtI:jfl,:j~l !11t~'JtllJtG)fEJ !'Y'IlJ 

(2) fll'Jt~1 (JlJt9f(l ~U'UflYii1 m~m~ 'WUeJ'W ~ t1l'W 1~(J1~1~~1'U fll'J sonicated 

~ 

~ 1 ~ Subculture bG)fEJ U blood agar 11 'J eJ chocolate agar 
I 91 j) iIf 

b~m~tJYiiJ~flEHU~ single colony 1cif1~''WtJl'Y'11'Jb~tI~t~B Tryptose phosphate broth 100 

ml l'U~1~Yl~(lel,nfilJwl'J 500 ml 

v ~ • 

tJlJt~tJ'U shaking incubator 111'b~tJ~flt'tJrhuJ~~ 250 rpm YifJWl1fJlJ 37 °C 'Wl'U 18 

i'lllJ~ 
'j/ .J 'j/ ~ 
f11:jtG)ftJ~1(Jffl'Jf1~~lU PBS 2-3 fl'J-:J 

o 'j/ Q 

'Ul~~flell.lfl'Ul1(lU1\lJlt~lJ{Yl'H'l~~lt1 PBS+O.O 1% (v/v) thimerosal 20-25 ml 

'"" II) a' 'l 9 ~ <II WJ "'9 ~ 'lJ ~ iiiI I 

~'J1:U'J~1\'U ~~t~U'J ~~tI tG)fT!i HA (haemagglutination) test 1l'J:~1J t~l~eJ'J tGlf bifl11'Jf) blJ 

(2
4 ~'U1tJ ) ti'll~l~f)~'~ll11'tfl'U1'UBru'Y'lfliJ~ 4°C 

q 'U 

~ cf~~ 11 11 <LI .:::t
3.2 fll11lfl11~'tilJ·nJlilUll1lU"'lJ"U !u'l~U 

o C> <II 'lJ 'lJ 'l ~ 1 Q 'l 9 'j/ d ~.I 'l Q '" ID 
'Wlffl'Jf1~f11tlUel'W~l~'W 1~fl11lJttllJtlU tlJ'J~'U b~tI ~G)ftfl'JtJ-:J~~e)tl t'JlJl~tJ'J (Qu_bit Protein 

® ~ 'j/ 'j/ 'l_1 d ''', , .c9.QJAssay Kits,Qubit 2.0 Fluorometer) 9f'H'fllJl'Jfl1~fl11lH'lJlJ'lJ'W'lJtJ'I ~lJ'J~'U ~ lJY1'1 12.5 ~g/ml fI-:J 5 

mg/ml t~U ~~1 (JlJfl11lJ!,jlJ,J'W 'lJU-:J 1tJ'J~ 'W 1M!11 lJ 1~ rll'Y'l f 11 fll 'J fll'J tfl ~ U11t'Yf~'t1ij1f19fl Ju ~ eJ 'W fll'J 

"'" a' 'j/ 'j/ Q Q..,,J 
1tfl 'J l~YlmlJltufl11lJt~lJ'lJ'W1'lh~'WlJ~H'U 

3.2.1 !~1t111 working solution 1l1flffl'J reagent U(l~ buffer l'Uer~'Jlrl1'U 1 :200 (~~ reagent 1 ~l 1'W 

buffer 199 Ill) 

3.2.2 fll'J!~1t1lJ{yl'JlIl~'Jil'U 3,ru~ l~un ffl'J A, B Uf1~ C i~m~lI 10 III "6'1ffl'JlJl~'Jil'U 1'W 

working solution 190 ~l 

3.2.3 f)1'Jl~1t1l1i1Bdl'l1~mRU 1-20 J.lI tI eJ~i1UdH 1'W working solution 180-199 ~l ltlth 2-3 

lU lli U(l~lllJffl'JlJl~'Hi1'U~t~1 (JlJtm:ffl)~1 eJ (h~!tJ'U n(ll 2 'W lYl ~ tJru 11 flij..rfl~ (dU1'i'Uf11'J 1~~lfl11lJ 
~ q 'to 

'lJ 'lJ 'l ~ 1 Q '~I Q

ttllJtI'U tll'J~'W f11'J1J1I'lJ'W'j~(J~n(l1 15 U1Vl) 
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3.2.4 illflth.JtU~HflieJ~~r;HH) l'jih~tlf u~'nHllHYirJU bYn1Jl~'jtU1Uvf,:j 3 ~iJ~ UK)~~1~f1lfl1llJ
~ ~ 

!~1J~U lth~w~tl~bYn~1eJcJl~ 
.. 

C\ d<i' _I c:t ~ c:t Q <i' C\c:t

3.3 f)1'j1~fI'jl~'H ~1J1V1'W~H) ..H'lHH~Ufl'YH'jtl ~Vltl1ti Sodium Dodecyl Sulfate Polyacrylamide Gel 

Electrophoresis (SDS-PAGE) 

!~tlvwv\rJ 1 iu ~ eJ 'W fll'J !~1 VlJ HeJU ~! tI'W ffl'H ~Uf)l'Hfl ~ eJ'tH 'V'H'l ~ ELISA 'th If)'ill fl &~ 
~ J' ~ oG 'j) Q 0' Q'j) Q 'j) Q 0' 

DW!t1 eJU tllfltll'H l'j !f;'!rJ~!~eJ ill!UU ~eJ ~l!fl'j 1~'H1'th ~u~lmV1f\'Ufl SDS-PAGE ~1rJ l~Wfll'jl!fl 'j 1~ l1 

fllllJ'U~£1V\t Hf;'!~Jl'HuflllJwfl(;'l6ijeJ~ ltb~w~eJ-:JueJU~!ilU ~~ 3 bYlrJ'WU,j ~yhlHIU~ffV\~l;t~wn SDS-
q.:a q q 

PAGE (Laemmli, 1970) i~W'l11 i tJ'J~u~l~ Uf;'!~bYnf;'!~(;'I1rJ lD'J~WlJW1'jtU1UJll1t!flllJ!f;'!flf;'!bY-:JlJ1v\~'ffeJU
"'" q C\J 

~ 'j) 

1u SDS-PAGE 11ltJihr'U~eJ'Ui~u 

d _I ,'j) Q Q 'j)

3.3.1 !'jlJ'\llfllJ'J::;f)UnHUUf)l~Wlll 8.3 x 10.2 !C)fW~!lJ~'j Uf;'!::;6ij'W1~ 7.3x 10.2 tC)fW~tlJ~'j!6ij1 

''11 j/ 

~lmlU i~rJiJUHW~f;'!l'ff~fll1'W 1 1 iJ f;'! ft!1J~'j bYtl~eJVY1~ eJ'U~l'U~Hl1~'ffeJ-:J tJ'J::; f)eJUUH'UUtili1!~lnU ~~ 
C\J q 

l1~tl!tI(;l MiniPROTEAN II (Bio-Rad Laboratories, U.S.A.) 

'jI 'j) _I 0' ~ 0' "'> 

3.3.2 t 'YI 'ffl 'J (;l ~ (;l 1 tI H£1lJ 6ij tl ~ Separating gel fllllH"lJ'UlJ 10 t u tl 'J! CJfW ~ !~ lJ TEMED 5 

iii i "'" _I':: "'" 'j/ 'j/ 'j) Q<lI

tlJ fl'J(;l~'J Uf;'!~ Ammonium persulfate 10% u'jlJl~'J 50 J.lI ~bYlJffl'jl'Jfl~lJ~t~1~1t1fl'UUf;'!1'jUt'YI'ff1'j~£1lJ 

(;l.:t1'U~tJ ,:n~11'h.:tuH'Uuti'1111'iJfl11lJ~.:t 5 !9fW~!:IJ~ 'j l'lU Yi !~ tl~ illfl TEMED H(;l~Ammonium persulfate 

'illhl'! il (;'In~-:Jil!~1 11rl'-:J tllflJ\,H~ lJJ1fl~W f;'!.:tUU~1l1,rl! tI f;'!111'iJfllllJff -:J'th ~ lJ 1tu 1 !C)f'U~!lJ~'j vf-:J' ftlu 
C\J 

ttlf;'!U~~~11.h~lJ1W 15 \,IlYi cjfUJ1eJtJfl 

'j/ 'jI _I 0' ~ 0' "'" iii i "'" 
3.3.3 1'YIU1'j~~(;lltJHfflJ Stacking gel fl11lJt6ijlJ~W 411Jfl'jlCJf'W~1~lJ TEMED 5 tlJ fl'J(;l~'J 

"1 d _ 1 rI,., _.I - f.: i i "'" "'" 'j/ 'j/ 'jI Q<lI 

Utl~UtllJ tlJ 1\..1 rJlJ 1lJfl'JC)f,Ul1 ~ 10%) lJ 'JlJl~'j25 lJ fl 'J tl~ 'J ~fflJffl'j't1n'lflJ~1'Ul~ 1tJfl'U Uf;'! THHYI 'ffl'J ~ fflJ• 
• " '11 

111'vl1lJ ~tl ~ 11~l1tl1~fl 11 ~ UN 'W ~ (;l 1'ff~ flrlll1 r'lJ !~1 rJlJ GJfeJ ~1cii1flth ~ (;'I ~ 'J ~ 'VI ';11 ~ t!HU U 01 i-:J Vi -:J 11' 

.L, d cv.o:!i.o:!i f Q 

\lW fl'j ~'Vl ~! tI tlH~'1~11l~~~HHhI~ (;l lff~ fltltlf) 

3.3.4 "'l~,rfl~1-ff~lel~1~~1tJ~hfif) i 'YI'j~'ty.vh~tlf U~11hUHlJ!\I(;l~1~1 tJlJ 1~lJTlh~fltlU!~lnU 

')f~YhU1~fl i'YI'j ivJt'J;u 1~lJU1~fl i'Vl'J~cUvJtvJflff;'!~l\..1~~'Vhu1~fl il1'j lrh<,j~ff\l'W1~lJ
q q 

o i~1 d ..d "'" tI _I cv 'j/ 'jI ~ 'JI • II) "1 <lI<lI <>I

3.3.5 \..I 1 lJ 'J ~ hi 'VI 'i) ~ 1!fl 'j 1 ~ 'H lJlu 'jU fl11lJ 1 ~ lJ ~U t11 l't11fl'U 5 t lJ ~ fI 'j fl 'J lJtlf;'!~ ~'fflJ fI'lJ 2X 

, 'jI 'JI 'j/ 'j/?I 0 kJ _1 I d C\ d ~I d 

Laenunli buffer tl1fl11lJl'UlJ'U'Wff~'VllmuU Ix \..11 tu'UlJ'VIeJWl1fllJ 95 6~ffl1CJf(;l1CJftJffllJlH1f;'!1 10 lJ1Y1 
q q C\J 

3.3.611[Jtl..i1tlcJl~ 451lJ1fl'j~\Pl'J f;'!~1lJ~tl~1rii1fl(h~ U~~l1tJel~ i'lh~\..IlJ1~'Jil\..1 10 

ilJifl'J~~'J n~1'U,f6~'rii16~1~ 
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3.3. 7 ~lh!fl'j~u~lvlvh~~ ll-Hfl1 enD~~fll 'Vl) lWt1;t'I'~ 200 lnrvf t~14!'Hn 45 l,!1Yl ~~ff~ f)~ 

Bromphenol blue bfl gf)'W~tl~1J11flftO~tJ~1(J~~~f)~U~14H) ~ 

3.3.8 'l11U~\Hlltlf)f)fl1l1fH~~14ttnl rrf)lJ~ltJ'j~h'!~lCJ~ Coomassie blue 1~HJt11~1l~'l1U'lf'l,! 

Jl(J1rre)1J~ttJtJn~n 1 i'111J~ utilftl~f)f)fl~l(J~l'j~~~l(J~l'l1~'U~l~~ ~'Utl1\'!Ut1'UltJ'j~l,!i'~H~'U l~(J"u 
I 'jJ 'iI dd I 'jJ 

'j~1111 ~ fll 'j CJ BlJ Uft~fll'j~l~'ff1Jfll'j t~tllt'U l~ ~ tlB~n~wntl 

v • • 

3.3.9 tth tI1J ~Yltl1JU111Ufll1H~fJtl~ f)~1'lh~l,!"u B(lU f)l,! ~ t~'W l~tItm(J'UtVi I:J'U n'Ufll'HflftU 14 Vi 

'\Jfl~ lth~l,!lJl~'j.il'W 

, 
<:::l QJ 

'j~U~'YI 4: fll'J~W.Ul'lfYl't1Ylin)'U indirect ELISA 
~ 

, 'lI 'lI ~ <:::lv ci 
4.1 fll'j'YI~Hn)'Ufllfl11lJ!"lJ"U6ijel':'UelU~H'ilU fleU~!fl~ Wl~CU'jlJ'YI!'l1lJl~illJ (checkerboard 

titration) 

fll) 'Vl ~ bY U'U ~ 1f1111J t~1J ~l,! 'lJ f) ~ Uf) 14 ~ t1Il,! fI f) l,! 1I bfl ~ U~ ~ Clr j 1J ~ t111J 1~ bY 1J 1 ~HJn fll'j,j ~ 'U 
<u 

.., 'JI 'JI "" 0 .., <!i dllJ I W' <!i C1W' " 'JI 
'j~fl'UfllllJ t6ij 1J 6ij 'U 6ij B~Utl\,! ~t1I'U bYll1) 'U tfI ~B'U t'W~'VItJ tft C}fl ) ~ ~ 'U fll1lJt lItllll~~ tl~C}f'j 1J U~~fl11lJl"1J"l,! 

..::1GJ 'jJ

'\Jtl~f1Bl,!~!f)~ (Goat anti-chicken IgG (H+L) horseradish peroxidase, Synbiotics corporation, U.S.A.) 'Yl A~ 

4. L.1 b~B'tIl~HttJ'U~tll'U~lGJftfl~f)'Ut'W~'Vlu~t'l~;1)11f~lV1TIfll'H~Ulll-:jU'U'U 2 tl'h ~lnfllllJ 
'iI 'iI ~ & g) 'jJ 

l'\J1J~14 25 'tIl,!fn~'Vl~fl~f1111Jt~lJ~h! 0.78 Jlg/ml 

~ .." d.., 'JI =c:S <!i , " 'jJ

4.1.2 t'tl tl 'tIl~~1Utll~9f'J1Jfl11JfllJ~~'UlflU~~~Hlt'l'U~ lCJTfi f)l'JlllflllHU'U'U 2 lVll 'tIlfWI11lJL"lJEU'U 
'l ' 

~ .:9 g) 'iI GJ d..,' 0 .J/ d'l cIQ.I

1:50 lIl,!fl)~'Vl~tl~flll1Jt6ijlJ~'U 1:800 t'Wt'W~l'Hfltllfl'U U~~~!'W~'VlbYll1'j'Ut'i\'!~9f A'jl1'j 

~ ..::1 'jJ 'jJ 0 0 'JI "" 
4.1.3 !'tItl'tll~flfl'U~!fWI'YJfll11Jt'lJ1J~h! 1 :500, 1: 1000 Uft~ 1 :500 ~llJfllUlJ~'Wl6ijtJ~~~~~ 

4.1.4 t11tVH'l'VlltJeh'Ufhfll'J~~fl~h!UI1~ (Optical density, OD) ~lmfl~fl~ ELISA reader {Biotek 

•• !iI 
d <!i 0 .., , 0 

Instruments, U.S.A.) 'Vlfll11Jtll1f1~lJ 405 run 'Vllfl1'jl'l~HH)'U~TeJtll~C}fl 2 HllJ 

" " "" 0'" ~ ~ 4.l.5 Vl~ fftl1J111f111lJ~"1J"lJEUtJ~ Ufl'W~~1I1Hnl1';i'UflTHflftB1Jt'W~'Yll11fl111J!~tH:n~~tl-3ftOUiLfl~• 

u~~Clri'1J~ t'l1lJ l~ fflJ~bYfl lfltlcW1l1';i tu 1111fl~lfl~'jlff1'W ';i ~ 'I111~fi 1 00 1l1f1~i'1Jfll1Jfl1J ~t'l1J1flUD:;i'1J 
q 'l 

, , 

fll'UfJlJ~ftft1JVllJlfll1~fl (Positive to negative ratio, PIN) 
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4.2 nl~'~~tllJ Htl~'t1~i;nl'Ul'rHl't1if1~C)fl 

vll f11 ~ ~ fl ~ il'U tYH'I 'Yl fl' ~ G}f 1 G)f U~ 96- well microplate 1 ~ v, i'u tl 'U ~ ~ II tUHY lJ fl 'U 0.05M 

G] !iJlI] !iJ !iJ!iJ c! !iJ C> 

carbonates- bicarbonate ~ 11 b~ fl1 UH'U 1J 6ij hi vn 1111 1 ~ '" II 'ill f1 f1l 'J Vl ~HH) 'U checkerboard ti tration U~ 1 t~ II 

'fflJ~~~ltJUtl'U~tll'WtJ1lJl~'J 100 ~l ~tll1~lJ~~''W high binding capacity ELISA plate· (SPL Lifescience, 
'j/ 'j/ • v 

Korea) tillYi~1l''Vl~fi'W~~uauJiJ 4 tl-3f11LG}f~t9W'ff l'Wt1~lJl~\~!~~YI~ltJ washing buffer 300 ~l ~eJl1~ll~~ 
v 'j/ 'j/ 'j/ • 

Yl-3113 'W111 vll-ih 3 fl1.:!L~1l blocking solution ~~''W!~~'YlmllWn 300 ~l ~Ul1'l1JYi.:!1l1 i11lJ.:! ~H 
'j/ 'j/ v 'j/ 

t~~Yl~ltJ washing buffer 300 ~l ~Ul1Qlll91':l'Vl~1l3 hll11 vllcil'J111 3 fl1.:! ~~1tJlli1tldl':!91i'lJ'M'1~fl1111 

L~ eJ 'j) 1.:!~n111 l~'ffll lllf1f) l~ Vl~ 'ffuU checkerboard titration !~1l9f111~ !~eHl1.:! 1l'lfiuwl) 100 J.lI ~ eJl1 ~llvf~ 
'j/ 'j/ 'j/ 'j/ 

11fJtul1~iJl1tl~ 30 'Wl~ ftl~rrW'Yl~lt1 washing buffer 300 ~l ~tll1~lJ ~~Yi~1l'3 1.nli ii1911'JllJ 3 fli'-3 t~lJ 

,d ~,d & lI] !iJ AF-' 
fleJ'W~Lf1~ 'Ylfl1l11L'j)tllll-3VlLl1111~'ff1l9$~ ~~'j)lf)f)l~'Vl~'ffuU checkerboard titration lJ'ilJwn 100 J.lI ~eJl1QlJ 

'j/ • 'j/ 'j/ 'j/ v 

191-3~~tul1~iJl1U~ 30 'W1Yl ~l~nHn'I~lV washing buffer 300 ~l ~Ul1~lJl91-3Yi~113 'inYl 'Vllcifl~llJ 3 flf~ 
'j/ • 

"'" <>I C> , !iJ '" od 
t~lJ'ff'U'fft~~~~'Wfi ABTS-Hydrogen peroxidase (Synbiotics Corporation, U.S.A.) 100 JlI ~eJl1~lJ U~l~~'Vl 

fJWl1fJiJl1~N 7 'Ulfi ~~lJ Stop solution ~~tll1~~tJ5mVl mllWI) 100J.lI ~eJl1~llucl'11ht'r4~l'litJeh'Wfil 00 

'j/ dt c!..9 
~lmfl'Jtl~ ELISA reader Ylfl1111Vl1f1~'U 405 run 

_I .."...". 
4.3 nl~'t1vHn)'UlJ~~(;J't11iill'n"6~'tf~'t1Y1il'6'U

q 

'" , c1 <l.' G] 'j/ dt _I C> , 0 d _I
4.3.1 ~ltl Vl ~ G}f~ lJ fl1UflllH~~ 'U fI f) ~ G)f!~ eJlJ 'J ~ !1l'U fll cut-off 6ij eJ~~~'Ylft~ft'tl~l ~ J 1) J 1J indirect 

q <u q <u 

,dQ.l J,.J 'd 0' 'j/ 'JI d ,
ELISA 'Vl'WWJ'Wl'U'W~eJLG)j'eJ A. paragallinarum W91~~G}f1'J11'J fnv1~'fffll1~H1~"'fl1J_'t1!\1lJl~t1''ll fl1 cut-off 

, 'j/ , 

~ '.c:S QCV Q..I " d 

~ III ~ ru 11l1f1fl1LU ~V 00 6ijtl ~9f~lJfll'U fl'll vH'I ~ 'U 'Vl-ll1lJ ~U1f1 'ff1lJ LYll6ij tl ~ 'ff1'U l1W~~'U hi 'll 1~ 'J 11 1hi f11 'j
q ~ 

Yi~ltu1~HH~'UUlf111~eJ~'Ulllfl'tf~11"~eJ'U 1~tJf11JtfivUnufil cut-offf1'JiU~fll 00 lJlf)f111 cut-off• 
"'" :'1 
~ 1l1'jtulLlJ'W~"Ulf) 

GJ ~ lI] !iJ 1 ~ ctltJ'
4.3.2 f)lJYI~~eJ'Ufl1111ffllll'H)! 'W f)lJ ~ J lllCH1 ~~ (repeatability test) ~Ofllllfl~eJ'U L~ ~l'leJ ~~9fl 

'j/ c>,d "'" dod", ,d 0 Q.I <l.' , dQl 0 

~ 1tJtteJ'U~t "'U'VI~(;l~ Ii) If)~ tl~t~tJlf)Ul1ft~~ 1-l ~ eJ~ 'W llJ1'Vl~'ffuUf1U~1eJU1-:J9$'jlJfl1UJlll ~i1'Ulf) 'j) lhl 1'W 3 
q: 

~leJdl~ (n=3) 'Ht~t)fi'lJfl11JflllH""1JiTW1'U 3 ~1t)f.h~ (n=3) 1'l~HH)'U')1'U1'U 3 flf~ Ui111tflJl~M~~1~v 
'I 

Yi1l1Jtul"1f)~lff1Jlh~iYYI~6ijtl~fll11JHuUtJJ (Coefficient of variation; CVs) 

4.3.3 flT)1'l~~eJ'Ufll111~lL,"1: (specificity test) 1~Vlht~ftl'lfl i ~ctfl~t~10l.mH1l11'1~ 'ffeJ'U fl'U9f1lJ 

v 
~ , ct 1fll 'U fJ lJ ~ ~ 'lJ 1 flltJ eJ -l LG)f eJ A. paragallinarum ~ 1 ~ C)f ! ~ 11 ~ Pasteurella multocida (PM) , Mycoplasma 

gaUisepticum (MG), Mycoplasma synoviae (MS), infectious bronchitis virus (IBV) , infectious bursal 

disease virus (IBDV) 
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4.3.4 ~H'1 fl1 'J 'VI ¥'l ~ '0 1J 'Ill fl;~'lJ fl1UfI:IJ ~ fJ U1fHW ~ f:HHnl~ 4 ir\j ~ 1M'\1 ft\lfl'J~~'Wfl iJ r1':IJ nu 
'II 'II 'II 'II 

fI f \l U,) fl U1:IJ 1i,~' 'W f) 1 ') f1l't.rJtu fl11'lJ' 1~lJUfJ ~ fl11'lJ ~1!~ l~~fl~1f~ Vl ¥'l ~D1J rl1!~ \l'JU indirect ELISA 
'II 'II 

dill J 'dOJ , d ~G ,~ d ,., 0 OJ dOJ

Yl'V'l~'W1'\J'UhnJ 9f';ilJfllUfJlJ'Il1flf)~'lJ'Yl 1 ';i~lJll1btJ'Wu1fl~m~tl A. paragallinarum 3 9f1';i11,) 'ff111';iU9f';i'lJ 

, d Gj 31 d ,)1 d 0' 0 Q.I

fllUfJlJ\llflfl~:IJ'Vl 2, 3 !!fl~ 4 ')~'l.J ~l1!1l'WU1fl~tl!9H) A. paragallillarullZ C}f 1 ,)11'i A, 8 U~~ C ~llJfll~lJ 

U~~9rrlJfl1U~:IJ\l1f)f)~lJ~ 5 btJU9f~'lJfl1U~:IJ~fJfJ'U~eH;e) A. paragalfinarul1l l'Jfl9f 1 'J1lf 

4.3.5 fl11lJffD~fI~D\l'i~1111\l~~'Vl~'ffDU I-ELISA U~~ HI ~'U1,)tu 11¥'ltJf11U1W\llfl5~'J1~lfll';i
'II 

I 31 I ~ 
III c1 31 <lI1lI "'>C1 d ~ III III C>odo Ill' 

tJe):IJ'JU (agreement rate : ~fl1J1flVl~tl~fl~tl\lfl'WVl\l 2 Tn + ~~WU'VlrfD~flfJD\lflU'VI\l 2 1lil \llUl'W~lDtJl\l 

~ 

vl\l'\1:IJ~ ) 

.:t .ctQ..l 

4.4 fll''Hg)lUlICU llJfll'lJfl'lJfH''U1flUil~Nilil'U 
q 

'ri'~t'Viff!iJtJvrUTI Babcock 308 ~lUl'W 100 ~1 Ul'lJll~V\ll'Wfl,)\l'll'WD\le)ltl 12 ffU~lM flltJi,U
'II 'II 


, iJ 'j), 1 


Me)\l~fllUfl1Je)Wl1 fliJ lH'eJ 1'I1l'HW~t11~~B~fll'J b~tI\l U~~!ijBB1tJ 13 aU¥'llMb~lJ'YllfllJU1J\lflci:IJVl~~ B\l 
'II 'II 'II ~ 'II 

!~u 5 fl~lJ~ ~~ 20 ';1 U~fl~fl~lJ!~tI~!WflU~l\li'~!U'W l1)fJfl~lJ~ I l11u 1n~\]flfl'i~~lJfJiJ~lJn'W~1(J1'fl9f'W 
~ 

t~B~1t1'Vl1\lf)1'Jrl1G}fU~ trivalent mineral oil vaccine (Coryza Oil-3®, Zoetis, Animal Health, Campinas) 

, ci d IIJ' ci ~ =. ~ III 'jI .... dl ci d dld. 

f) fJ lJ 'VI 2, 3 U ~ ~ 4 ttl U ! fl 'VI tI fl fl ';i ~ ~ U fllJ fllJ f) U 1) 1 tl1 fl9f 'U ! 91 '0 ~ 1 tI 'VI ! ~ 'j tllJ t B \l eu () \l ! G}f ()
'II <u 'I 'II 'II 

dl ,., 0 III , ~?I' 9 ~ 
A. paragallinarum 9f 111'i A (221), 8 (0222) !!~~ C (Modesto) ~llJ~l~U flQlJq~YllmlllJfl~lJfl1UfJlJ ~G)f 

~ 0 III ,., 'jI c1 ~ =.c1 

Phosphate buffered saline (PBS) U'VIU~1';i~~~1(JeuB\l!~BlJ1'lJ1FHYlJf)UUeJ¥'l~H1'W'VI U~lQ1)~ltlTIifll'J 

!~(J1n'U riBlJ~~1'flti'U"M!~1J~lDrh~b~~~~U~ 'ril1~~()~i\ll1lJ~l~{)~l'.i 1 'Il 'i~iUfliJrllJtl'W~B1 'Jfll11'~'\1t!1 
<u 'II 

'U1lJ !vl()!~U flnouvu 111 n i 1iiJfl1';i~UlJ'fflJU~Yl1\lfliJfi'lJtllJ~U 1-ltll11'~ l1 U'lU llJ 
'II 'II 

fll'J!fiu9fi'lJ1nJ'~u~riBufll'Jfl'J~~14fliJfi:IJnu U~:~ 2,4, 6 Ufl~ 8 fftJ~lMfllfJ'\1rr~fll'J 
q 'II 'II 

~ =.!II QI t <u' dQl d QI cI <lI ~ =~ <u ~ 0 ~G c11l1 

fl'j ~~'WfllJfllJfl'Ufl'J ~u~ fl ~1'0 tJl\l9f'J'lJ'Yl 4 ~nJ~ll1 fl1t111~~fl1'Jfl'J:~U fllJfllJ flU fl ~ \l U 'Jfl'UllJ119H 1114 C}f'JlJ
'I 'II 'I 'I <u q 

o Q.I "" cI ~ 11 0 III 

fl1U fllJ ~~ U1flU~:FH' fl1J "ff 111 ') U tl n 'VHHllJ fllllJ tI fl~ U\l'Jfl~'Jftn~ ffB U ~ fl '0 ~ fl1~ 'Vl~ ~ () \l 'W ff1'\1 ';i lJ 
'I 'II 'II .. 

III , d G dill_I 0'dJ. 0 q 'jIq co 0' 1~ co 'jI ')QI III 

~1BtJ1~ 'VI tflU'VI fflJ~ll1 D U ~ 'U llJ 1 ~ 9f ~ lJ fll'J1tfl 'J 1~ '\1 UlJ 1 'U llfll'j~UJ1J"ffU '0 ~ eu '0 ~ fJll ~ llf1lJ eu ()~ ~ 'J fI '\11~ 

~ 

'\1'U1U1lJ 

.:t ~ 0 IV V ~v IV 

4.5 fll11ftlrJ"Uf)'UVU'i)'UiIl'Hl'Ufll~ft"'Ul1JfllIflU 
.. 'III .. 

, ~ 

UU'U~lt;)l.Irlll1f1Jfll~~lJfliJfi'llfl'U ~()1'Jfl'l11~l1UllrllJluflr:ilJVi 2, 3 U~: 4l~1tJlJulfl!~fl 
'I 'IIq 'II 

A. paragallinarum til-.i11f A (221), B (0222) U~: C (Modesto) PI-Will~U fll:U1'Wfl1'.iU~~nfn'J!~1(JlJ 
= 0 QI "c.'jI Q.I dQl~ Qld." 


U()'W ~t~'W (jll1'j11fl".i:il'Uf) lJ fllJ fl'U lJ~'U~ e)U~~'U 

.. <u q 
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'JJ 'jJ 'JJ JI 
~ 9 cj ~ q'j) "" "" ') c> ltJ'j)'j) ~ 

4.5.1 ~'Vn~~~tl A. paragallinarunz ~'Utl1111'H(ltJ.:.I VlHHlH'l1 TMB broth !l1!\)'jtyHWU ~~lH &1\11lJf1'U 

~ 1flJ'U ~n 'tH4() 1)P1 tJfl 1) ~lJ~lmf1i tl.:.l tfhi ~ 11 ~£J:jfll11H11 U:j ~ 4000 rpm ~~ hi 'j ~ tJ~ ~ lfl1 30 U111 ft\:)~ltJ 

phosphate -bu ffered saline (PBS, pH 7 .2) ~l'UTU 3 'H)'U 
'JJ 'JJ 

.:::. q ~ cj ') ~I QJ 9J 'j) 9 'j)~1 'j)cj ~ 

4.5. 2 ~ ~ lJ PBS ~ 'lH ~ tl ~~ 'U f1 'VH 'HJ ! ~ £.I u 'J 'U fill '}J Vtl '}J Gij hi 'ff 1) (I ~ (11 tJ b'Vi u 'J ~ fH) Ufll tJ ~ ~ tl 

~ I 9 10 " ,...
A. paragallinarunz u)~lJ1W 10 cfu/ml (650 run, 1 xlO cfu/ mt, fl1 00 t'Vllfl'U 0.386) (Sun et aI., 2007) 

'jJ 'JJ 'jJ 

Utlfl~lflij ill'}J1tlH~tlUUflYi(jtJtlfltT'lJ~1h11'U~1£Jnfll'JtT'U~~eJ (bacterial cell count) Hfl~ ~'il,.,rl£Jn HI 
'U 

• 'JJ 

ntl'Uu 1'1 ttl~~~D'Vi lfllllJ~,rlJ,rhlGijtl.:.l~~eJ ~ ~nJ1lJ1W fflJvl'YI,r 
'JJ" • 

4 .5.3 fll'j'Vll1r1't~f)l1lJ~HrVl~~ltJl1f){lJl~tI 0.2%) ~tJ'U~l(ll 48 9flilJ-:J r1eJ'UUllJ1H'fflJDtJ Freud's 

q QJ' d 'j) 'j) Ji 9J 'j) c:;'j) QJ ~ .... o'a. ­

complete adj uvant (FCA) !lH)~'j1ffl'U 1: 1 ~~WU1fl(l11H'U eJl'! 'U 1eJ fl ~tfl~fl)~~hltJlJfJlJ fl'U CJ51 2 fft1~lY1())P1 
'jJ 'JJ 

lJ 1 i)P1 tJ 1~t~ tru1lJ 1Wtviltiu u~1~ Freud's incomplete adjuvant (FIA) U~ fl ~ fl ~.:.I iJ 'J ~ tJ~ nClnl1-:Jn'U 2 

fftl~nM 

, 
c:t 'j) "" '" QJ I/] , 

Vll'jl~'YI 2 Uf!-fWfll'jfl'i~~lJfllJf1lJfl'U\leJ-:J ~f1'Vl~'Hl.:J 
q • q 

, 
fliUJ 

q 

'lI ""'" 'lI IV
Uf.I'Ufll"'j fl"'j ~~ 'Uft lJ fl tI fl'U 

q <u q 

jI 
, Q/ d <'! 9J c:; 

flfllJfllUfllJ~flUlf1 lflCJ5U!~f)~ll1'Y11-:Jf11'jfllG)5'U)P1 trivalent mineral oil 
Q q 

(Coryza Oil-3@, Zoetis, Animal Health, Campinas) 

2 
, 

fl fllJ fl TUfllJ ~ (I 'lJ1 f1 
q q 

QJ <::I J -J cj ,J <::Ii ~ 
lfl9flJ!~f)"lV'YI~~'jtl'}J~()-:J~tH~tl A. paragallinarum 9f 'i11'i A 

3 
, 

flfllJfllUfllJ~flUlf1 
Q q 

QJ <::I ~ d <::I ,J <::Ii ~ 
lf19fUt~f)~lV'YI~~'JtJ'}Jt()-:J~()t~eJ A. paragallinarum 9f 'i111 B 

4 
, 

flfllJfllUfllJ~fl'lJlfl 
q q 

jI. 'JJ 

1'fl9r'U!~f)~1£JVl~~1tl'}J~()~~t)t~t) A. paragallinarum ;i';i11{ C 

5 I fl"tllJfll'IJfl1J~'H'l1J : PBS 
q q 

'j~tJ~~ 5 fll"'j~"'j'J1l{!il~1JftU~81'jfl'trr~'trlhtJlllft..;Jtllii Hemagglutination inhibition 

fll'j UtJ~ ~C'lfll'jVl~HH)1J~lVn HI fl~ilf)ilt)(h~9}-rlJ~-:) Uff~-:J~l'i~~'lJ ut)'U ~1Jf)~~81';ifl111~ 

In!11JllJ~lhl1lJlf1flil111DlYhn1J 1:5 tlflVi~1'jWlt~'Wfh1J1fl"t)~fll'jYl~~f)1J (Sawata et al., 1982) 
'U 

~ .::(v 

5.1 fll":H~"'jtJtlCU"i1J 

fll'jt~1£JlJ~i'1J~~'il\)~t)-:)t11lJl fix R1V 10% chicken red blood cell (CRBC) l~1J.iui~tl111 
, • II 

t~t))P1Ylll{1f'Untlfl9}~lJ 1l1flUlJ fixed serum ~lfJfll,)LillJ 10% (v/v) glutaraldehyde (GA)-fixed chicken red 

l' 9~.c! QJ I d ~ • .dt 0 QJ 1,..,. tao'.... I 

blood cell ~~f..l ~<ifC)f'ilJ 1 ffl\J UC'l~tlJ)P1b(\t)~U~~ 411'1\..1 (1 :5) t'Wt)fll\)~ non-specific epitope ( Y'll1Jit1Utll~ 

'jJ ~,,,~ J.-i.<!t :,~ d ~c> 

50 J.ll fixed ~1t1 10% CRBC 200 Ill) NfflJ't1.:J l'1JU'j~tJ~nfll 2 G)51 lJ-:) YI'if)'YI-:Jfl'U'YI~ruYlfJ1J 4·C 1l1fl'U'W 
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~ 	 'j) I I I I 

~~Vl~llVi~rul1JJlJl1'enlh~lJ1W 1 951 lJJ~ vHn/ll1t~ltlU u~1~~1fl-H111tJ~ 12,000 rpm 'Ul'U 5 U1Yi tell 

mvn~~hu1ffl1u~'nh9r1lJcillJl~~!~E)~)1~ 1:5 lJWI'jl~ HI 

c:I 	 os a 
5.2 fll'HVI'H.I'lJ!'lJ~UilB~U~-':) 

.::! c::C..:!! 0 <V 1 'jJ1 0 , 'JI o.c! ~ 
fll'jt~'jtJlJtlJflnH)~Ufl~ffll1'J'lJ G)1 'Wfll1~'jl~ HI t'YllJ1H)'VI1 ~ 2 1'5 fiE) (I) Fixed chicken 

'JI 	 I =c:\.::!~ 
erythrocyte 10% (~ltJ glutaraldehyde) Ufl~ (2) Fonnalinized chicken red blood cells 1~t1U~fl~1'filJEtJU\9H)U 

Q.I' ~ 
d. d

fll'j t~'j tJlJfI ~ ~ €)'W 

Fixed chicken erythrocyte 10% (Ji'-U.l glutaraldehyde) 

1. 	 t~1mH~fl~,nfllri SPF (Specific pathogen free) ~t'YlJfl1J Aisever' solution "t..H)~CncilU 

1: 1 

~~ 	 ~?I.::!~ "" 
2. lJU~fl~~flfl'tH"TJfl~flltlvffflJ'Vl 4,000 rpm tlJ'Wn~15-IO U11'1 V1~ruVifJlJ 4 °C 

~ 

3. 	 Yl~cilU 1t'Yu~:tl~ci1'W buffy coat ~lU1JU€)flfl 
'JI 	 c::C ..:!! 'jJ

4. 	 ~l~tlJflmfl~Uii\.:J· 3 'JeJ'lJ ~1t1 sterile PBS 

o 	 "" d! G) 'JI ~I 'JI 'JI 'jJ c::C..:!! 
5. 	 fll'W1W pack cell volume Ufl~t~lJ PBS t'rm ~l1tlJU 10% flll1J!l\JlJEtJ'U(;j~Ylltl6ijeJ~tlJflmflfl 

UfI~ 

6. 	 ~fflJ 4% cold glutaraldehyde "U PBS ~ffflcil'W 1: I 

~~ d..:!! ,d <lI 	 'JI ,d "" ?I
7. 	 lJ'W stirred t1J~m€)~u~~'Vl fixed fl1J glutaraldehyde flltJ magnetic bar 'Vl~tul1fJlJ 4 ·C tlJ'W 

'jI 	 .oS 

n~lEtJllJflU 

8. 	 ,nflJui1uci'nUH"lJ~ 4,000 rpm t~Un~l 5-10 'W1Yi ~~W1UJi14 ·C 

'jI c::C ..:!! 'jJ

9. 	 fll~tlJflm6flUft~ 3 )eJ'lJ ~1t1 sterile PBS 

.oS 

10. 	 t 11 fl1l1 ~ glutaraldehyde fixed erythrocyte 

€)WMfllJ 4 °C lllJfl)~~~'i'~l'U
q 	 cu 

Formalinized chicken red blood cells 

'jI ~ 	 d ~ 
~ 1 tl PBS 'VI 10% final concentration! fl1J 'VI 

1. 	 t~1tJlJ!~flfl~lfl'fl SPF ~H"lJti'lJ Alsever' solution 'U5~)lrl'1l,l1:1 
~ 	 I 'JI 'jJ • 'JI c::C 

2. 	 1I1flUt.l'UU,n.:J 2 'H)1J~lt1 PBS lf1mju~l~ 4,000 rpm tUlJl1al 5~1 0 ulli 

~ 

3. 	 Yl~cilU1ff ua~~~Hil'U buffy coat ~lU1JU€)€)fl 

4. 	 t~lJ PBS '11'1ft 80010 6ijeJ~mlJltu~t~1mJtilJ~u 

5. 	 t~lJ 8% fonnalin lu final concentration 

~ 0. d ~ '1 e! IrJ 'JI'jI ~ 
6. 	 Fixed 1'1flWMfllJ 2-8 ·C ttJUnfil 18 'ifl ~lJ~ (V1~ n6ijl~JfI'W)

q 	 .. 
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!iI ~ 'jJ 'J},,£ 

7. 	 -ell~ 1 fl':i~Cf11(J PBS U-el1~'Vl~1'U1~'Vl~ 

Q ~r.= 'Q./ d 1IJ~!iI
8. 	 t~lJ PBS lJ':ilJltlH'Vl1f)'U RBC (1:1) tf)'U ~1 ~G)f 2-8 DC 

9. 	 t~fl'Ul-:)~l(J PBS e1~~lci1l..! 1:9 L~'U 10% CRBC ffll1i''Uifl':il'U HI 

5.3 fl1~Vl11'\l~-;U~.llii Hemagglutination inhibition (HI) 

~ iI 

Qd M.,., Q.I t::i ~ 


l1ifln~':il'U HI lJ4J'U~~'W ~B 

cS 

1. 	 !~CHJlJ microtiter plate V-shape U'U'U 96 well YI~fffl'Uifl1lJU'UTWfl'W 

2. 	 t~fl'Ul-:);i'lJ 1~tl1~ffn-el~-elltl BSA-PBS (0.1% bovine serum albumin 1lJ PBS) 1ci-el~1'W 
I 	 • 'j) I 

Utlll1 2 lij'Uij-:)Utll 12 lHllJ-el~ 50 ~l 'il'W~':i'U'VJfll1~lJ (d/'UU()l~ 1 11) 'illfltT'UU1;flJ~ 

fixed u~11ci'1'UM~lJ~ 1 U-el~ 2 l1~lJ-el~ 50 ~I 

3. 	 ~fflJ;i'lJ\9l1B~1~ 'illf)Utll~ 2 U~l~~'tJw;n~ 3 ~l'Ulh1 50 ~l vl1fln~fflJut1'1~~~1t11tJ 

'illJO-:)Utll~ 10 1M'~~yf~ 50 ~l b!tll~ 11 tL-el~ 12 rill1i''Ut1J'U'H~lJfll1JfJ1JUfllJ~t'il'W U-el~ 
OQ./ ~ 	 GJ~!V 

l1~lJfll'UfJlJ CRBC ~llJ-ell~U (L'ilB'ilVl 2-fold dilution ~ 'H b~ 1/5-11640) 

Q "'" d ~ 'J} Gl 'Gl 	 .::9 'J}'

4. 	 t~lJUtl'U~Hlij'U 4 HA unit 'VlL'U5'il1~H-ell ~ff ~'U'VJfllnllJ 'H~lJfI~ 50 ~l 'il'Utl~l1'llJ 11 U-ellLEUtll 

'jI 'jI '" d
, 
l1t6ijlfl'U'Ul'U 15 lJl'Vl 


ct GJ 'J} 	 ,

5. 	 lflCHJlJ 1% CRBC (~~ 10% CRBC 1 ml ~B diluent 9 ml) 

, 	 'j/ g,I , 

6. 'U5fl':i'U 15 'U1Vl 1M'U1 I%CRBC 1ci1'U'VJfll1'l1J'lCl~ 50 ~l \9l-:)Y1-:)11h!l'W 1-2 il1lJ~ 

'M'lJ1U&'HVi tl'W11flth~;i'lJfll'UfllJ~-el'U1f) 9ri'lJfl1'UfllJH-el-el'U tm~tmlJ~ t 'il hi ,rleJ'Ylflri'BU1t1ut1'1 1~1~~-el111' 
GIl 	 q q 

'j/ 	 , , 

unl-:)'HlJCf11tJ inactivate 1'U water bath YiBWl1fliJYi 56 DC lJllJ 30 'Ulll 
q 	 qj 

5.4 fl11ft1'l'il Hemagglutination assay (HA) 
'j/ 

nfl".i~".il'U HA 1~tI-el~t~fJ~Ufffl\j~\jil ~B 

l. 	 19l1UlJ microtiter plate V-shape U'UU 96 welllhlUu'UTuB'U 

2. 	 litHl1~UeJ'U~t'UlJ 1~w1,*ffl".i"~-ellt1 BSA-PBS (0.1% bovine serum albumin lu PBS) lci 

, .,d .::9 	 'jJ d'~lH 'UUtll'Vl 2 'illJtl~Utl1 12 'HllJ-el~ 50 J.d m...!fI".i1Jl1fl'H~lJ (!TUUtl1'Vl I 1) 

3. 	 \i1llfl'U~tlij'U1ci1h!Utll~ 1 u,,~ 2 Utl1-el~ 50,.11 

4. 	 yjlnl".it~~lijl~UtI'U~t'il'U 'illflUtl1~ 2 '11 3 ~llJ1'U 50 ~l U~l'Vllf1TH~fl'Ul~'tlt~BtI'il'WfI':i1J 

llfll~ 11 ~eJO~Utll~ 11 'l1'~~li'~111 50f.llril11i''U'H~lJ~ 12l~lJ"1'lJ~1JCRBC~ 
, 	 cS 

1Ynft~"ltJ BSA-PBS ~Wl\jt~U1 

ct til !iI 	 ,
5. 	 lR"iUlJ 1% CRBC (t'lf 10% CRBC 1 ml ~fl diluent 9 ml) 
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6. 111 I%CRBC 1ci'UlJfll1QlJ"1C\~ 50 ~l J";l'tf~ 11'tn'W 1-2 i11lJ~ 

7. cieJ~~~~~~lH~~H~eJ~U~~~fl~~~ntn1 ~lJ ~tJtJU UU~ l~Ul1 (agglutinate) 01V~LMlJHc\ '~i'~ 
G] 'J}£ lit 'J} 'J} ~ 
~ <H'Vl~ ~1U'U'U6ijl1Jfl1'" 

8. 1'l1'~11 ~1Jff~~ltJ~ttJu 11~U'\1 ('rBl1Jt1~11 tJ ~ tJ 'lH~ \Ol rl 'J~~lJ) \l~t.T'U ~tJ'W 1 HA unit 
qj Q Q q q 

~~'W 11~lJ~~~ltJ~~tJ'W11.:jUl1 ~eJ 8 ~'W'J1~Q~J'W 1 HA unit ~eJ.:j Ag = 1: 128 

2 HA unit 6ijeJ~ Ag 1 :64 0-" 

4 HA unit ~eJ':) Ag 1 :32 cc= 

'3.1 

~.:)tT'W nc\11~~lUUeJu~h~u hJfln'Vl~ffeJ'lJ HI ''l1''G~ 4 HA unit 6ijeJ':)tLtl'W~L~U 
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~v 

~I ~ ~ l'l-CHUJ 

• IV' .., 
ct ~ ~ 0 ~ <::i<::i 

'j~tI~fI 1: fll'j~~l~~'lH)Htt~rYnHnU lU!'lH)H'UfI'YI!'HJ 

~ . 
l.1 'l11~~fJlJWl1~1l,! 951'l11f A (221), B (0222) tW~ C (Modesto) Yi1111l1~1f11'njl(JuB'lfflf1ni~v 

C>I ~I C>I tI ""'" C>I

'ffeufll'VHY~1lJf1 (Avian Health Research Unit; AHRU) flW~'i;Y~lUYfVlCJf11ff~'J ~Klrl-3f1'JWUYill'Vl(Jl~W 111 
Q II 

<::i 'j/~ ~ Q.I'j/ d'G)"j d d "" 
"~H'\-3U\H)1Yi1'J1'Ut(H)'flHfl~ (blood agar) "~fll~'Vl'U~1t1 Staphylococcus aureus nUll ~'W !tl!'Vl(J'W'Vle:JW'VI~lI 

c1 ~I d- "j lI] 'j/"j "j d d Q.I c1 

37 fJ-3ffltC}frlt9HJ'ff tlJ'Ut1r11 24-48 G}51 ~1I-3 '\)'W !~ ~fl ~fn"!eufJ-:j A. paragallinarum 1Jrlf11:JW~lJ'W eufJUt'JVU 

'j/' tI "" "" c1 c::l d! ci 'Ill Ill' Jt .di d
!'ff'UH1ftt.WfHn-3 1lJ~HHlI~'l HrI~1J"'Wl~t(\fl(\-3!'ltlV~ tllfJtlV !f1~,\)1f1 S. aureus ,l'U !1I~U!9HH(\(J C}f-:jtllu 

~ ~ 

~fl'l:JW~~~Vflll satellite colonies ('~tJ~ 1)
<u 

'tjI, ,
_I<::i ~ c1dC>l 'j/ ~ d 

lU'YI 1 uft'fl~I.GJftl A. paragallinarum 'Vlll(;1f)'l:lW~ satellite colonies 1JU61'Yil'Jl'UnH)~Uf)~'Vl 

'j/ ~ " 
fll~~lm9ftl Staphylococcus aureus 

1.2 ~ltlJ\.,!t111fllfI'Lh~V11Jl~'fl(\-3U'W~1'Yil'Jr'Uivtllf)Url~ (GC agar base) ~lhYl'U~fflJeutl-3ffn 

NADH 0.0025% ,jlJ' 'U 1 tHYiV'W~tlW 'Yi f) iJ 3 7 ~~f11tC}frltCiw'ff tiJ'Wt1~l 24-48 i1111~ ,~!fl! ~il"11~'U 
II ~ 

"'Ul'flt~f) Ut'Vl1 "'Ul~nV'U~l'Uff'U6tl"1~ 1-2 iJ(\~!lJ~'J ('nJ~ 2)
<u ~ 
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c:i ~ ~ ~ d l'J'l1n 2 U~)Ol'l!'15e:J A. paragallinarum !lJm'V'll~U'W 61111'JTWG)fe:Jfl !f1U"~ (GC agar base) 

~ , ~ 

o ~ d Ii] ~ ~ QJ ~ 'j) ""' ~ de! """ d 

1. 3 'W 1~ C)5 e:J 'Vl ~ 'W 1~ ~)OllJ 1tJ lHJ 'W ~ 1 (J f11 '.) tJ e:J lJ Gram's stains 'W 'U " fl l:Hl! ~ !G}f e:J U U f1 Yl! '.) (J ~ fHH! f1 '.) lJ ~ 'U 

•• iJ 'jJ , ,., • 

'.)'lHl'1fl~lJ-trv1.:j 1:Utfl~e:J'UV1 f1'Jrut'V'll~l~(J.:j!9fe:J'Ul'UlJlflf1';h 24 'l511lJ'I ~llJl'.)tl'V'lU!~tJViiJ~f1lJW~':U
cu 

UU'We:J'U 'Jtl~l.:juvi-3 '.)tl~l'1!,tJ'U!-ff'U(;ll(J (lU~ 3)
'U 'U cu 

, JI 
_I<:t ~ , <JI <JI "Q/

JlJrI 3 U~)Ol'l~fllH'u~EUtJ'I1G)ftJ A. paragallinarum filU ~fl,n)'1~~YI'J'.)ff'W lOOx 
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I 

'JJ • 

1. 4 th..! c1'tH; fJ A. paragallinarum ~1 Vl~ VI 'J 1 '\) '" el 'U bY 1) vrU~ fl 'J 'J 11 1~HJ fll'H -W lJ ~ 1'W l'W '" 1 'J 

'JJ 'JJ 

iu1)fl 'J 'j lJ6ij el,:j t;fJ 1~£J1i'1~ f t11 fJ f HPG- 2 tm VU ~ -vi (JU nU ~1 fJ til ~ fllUfl11 ~n 'U lfl '\) If)l'fl~'Ut~fJ\9l1 (J 'Vll,:j 

fl1'Jfll Valvae AC Gold Ernul Bacterin (Boehringer [ngelhelm Vetmedica, Inc., USA) bYllJl'jtl£J'W(J'W'U,:j'11 

q q 

'j/ 

'jJ )(i ~ "'" d 

A. paragallinarum ~~1M~(;'l~~\9l1'W6ij'Ul~'lh~lJ1u! 500 base pairs <JtJ~ 4) 

500 bp 

I 'JJ
_I.::i ~ ~ 91 ~ "'"QJ 

JlJrI 4 UbY~,:jfll'JV'WV'UtG}j'fJ A. paragaflinarllln ~l(Jl1)fll';i~'Jl'\)ffl'j~'W1jf)'j'jlJ 

)' GJ~ <I cI C1I , 

L}QlV LGtf rv·nnJeld HPG-2 ; LaneI: IOO-bp marker, Lane 2: ~lflVl,:jf11UfJ11~nU1fl, 

d) <I d)' cI 
Lane 3: A. paragallinarum G)f ~'j1n A 221, Lane 4: A. paragallinarum G)f ~'J11'j B 0222, 

d)' cI 
Lane 5: A. paragallillarum 9f ~ 'J11'j C Modesto 

.d ~ """ """ 'i' 44 
~~[J~'YI 2 : fll~ftfl't41fll~I'il~tyU;I'U ~VI\lel-!JH'Uflcru1[J 

'JJ I 'j/ ,,'j/ I 'JJ 

L~t) U U f1 'Vit1 (JYit't11~ t~ V-!J ll.H)1t11'j tnU~l~fl L11 (11 TMB broth rrl tlfffllJ 1 fll 'j t '\)~t1lt~1J 1~'\J el-!J L~eJ 
, ~, 1 

A. paragallinarum Yi'j~£J~n(ll~l,:j~ 1~£J,r'U~Tu1tJt9felil1lJ~V\ 3, 6,9,12, 15, 18,24, 30, 36llft~ 48 '\Jel~ 
<J,J t g/ • 'JJ • 

fl11UlJt 9ft) 11 l~lm~V~l'U1\'\t~flUuflYit1 vlll1'1J'~ 3 fl i'~ 1 'W tt~(l~GJf1~n(llU~';nl1~l'Yi'~ff~1~ growth 
'j/ I 

curve ltfl'Jl~l1'er\9l'jlfll1tll~tyt~1J l\9l'\JfJ~L;tI A. paragaflinarum <ruYi 5 ). 
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LL 
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:3 

CJ) 
0 

--.J 3 

2 
i 
i 
I 

I o --"'---..,.......-"---T T--' I 

o 3 6 9 12 15 18 24 30 36 42 48 I 

! 
i 

! Times (hr.) J 
L._.._._.___._________ __._...__......__.._.__.._.___._ .._____.__._....._._ ______.....__.._..".............,,_ 

, 'j/ 

J'l1fi 5 uff~~5\9l':ilf)1':i!~jty!~'lJ l\9l6ijCl~!~Cl A. paragallinarum 

d c:t ~ 
"i~U~'t1 3: fll"i!"'''itl1JU~U'''h)U 

., , 
q ~ ctct ~ G'pl c:t "" 0 v 

3.1. ~VI"iUl.l!'lftlHlJflcm"iU A. paragallinarum !'Wtl A'lHVI"iU1JHtl'U~UllUiJl'H"i'U"1Vl't1VliH)'U 

c:: .J ~ c:: ~ 
!f)'lJ!G)5Cl'lJ'UClllne;)1'UG)5Clfl1f)U~~ (GC agar base) ~~''WlHH)fl centrifuge GU'Wl~ 50 ml ~lf1t.A'W 

'j/ 'j/, 'j/ 

~l~!~Cl~lV PBS 2-3 flf~ !ljCl '~t~Cl!!~d1)~ ~~1VlJaCl'U~~,,'Wbill1f'lJf)le;) lfl~{)Un'Hll'l~ l~CJfl~~ !!tJ~~~lf1 Sun 

~ ~ ~ =ci GJ ~ ~ I 1 a'~ 7 9 ~ 
U~~f1W~ (2007) ~lfl'U'W~';jl"!')H)~dVTfi Hemagglutination test !'YI !~f11 HA 1H~Hn'VltJ':i~lJ1W 2 -2 t'VHJ 

t11!~mn'lJ!tJ'W stock 'n~~l'U Hemagglutination inhibition test 
., , 

c:t a 0 v c:t v c:t ~ ~ c:t c:tv 
3.2. !VI"iU1J!'lH)ill'H"itJl~"itll.l1flCU1U'lH)VllU !'W6fll"i!VI"itll.lCU"il.lfl1'Uft'UUil1.J1fl.. 

..,g ~ ') ') ctd ~ c:: 1 }t .: 9 
~~!G)5e:l !fl !~'Wt1ltn"ltlCll'YI1e;)1'WG)5e:lfl f1U~lI (GC agar base) 1I1tJl'm~~ !'WeJl'Y1l'Hl1~l TMB 

broth (Blackall and Reid, 1982) t~m~lJ ')l'Wl'W!~Cl 'M~m:JJ1W:JJln~e:lbill1l1Jf)le;)l~1~ V:JJUe:l'W~!,,'W'Vi'11fl9r'U 
~ ') I c:: d,') lfJ~ ~ <V d
tG)fCl~lV !~V'UlJ!tJ'We;)~V~n~l 18 GJfl !lJ~ !~mlJ1W!G)fClUff~~~.:J~1e;)1.:J'Yl 3 

d ~ ~ d a' 0 <V d <II d ~ 
Yll"iH't1 3 Uff~~m:JJ1WtG)fCl A. paragallinarum 'Vl~ 3 Clf l:idle;) ffll1e;)'lJt~';jtllJlf1.-tn'lfe:l~lV 

.., 
ml.llw,io (c:fulml)t11 HA 

QJ .r::t QJ c:t QJ .r::tv .c:t.c:tl <! 1flC)f'UCIf "I11"I 1flC)f'U1tlCW'U 1flClf'U 
, ., ,'" , '" ,v" .c:t v ..::t v c:t v c:t 

fl"I.:.I'YI 2 fl"i.:.lfl 1fl"i.:.l'fl 1 fl"I.:.I'YI 2 

2
6 

2
9 9

A 221 5.7 X 10
9 

5.9 X 10

9 9 9 9
B 0222 2 2 4.9 X 10 5.0 X 10

2
9

2
9 

10
9

C Modesto 4.5 X 5.6 X 10
9 
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" 

"'" c!_~ 'lI 'lI 'LI c.I d ca'll c.I "'" 0 v
3.3. fllj l!fl j 1 ~'Mu jlJ lWfll1lJb\llJ\I'W ~ujVl'W !~ f) ~'tf!vljt'J'JJ!,!f)'UVI !'i)'U il'l'l1l'lJ'U~'t1~ il'f)tJ

'l 

U1L1'1'H~~~lCH~e)t.J~!lllJ~~~1~mJ1~1l1f)~eJ 3.1 1Jll~fl11JJ!~JJ~'W 1 'lh~'U 1~HJ1i'1TI Qubit@ Protein 

Assay Kits (Qubit~ 2.0 Fluorometer) (~t1~ 6) 1\01(J'vllfll'HH)1J!Yltl'lJ!flienl\011t1'j~'U~ltl\9l1eJ(h~1Jl~'j~1'U 
~ ~ . 

l'1~ 3 91U~ ~tl~~l1Jih)?)'U)?)~U ~eJ ~l) A, L1'l). B U~~ L1'1'j C !1jeJ{;1'lJJ i'jtll\01r111Jl~'j~1'U1~fl'j'lJt1"nJ ~·nh 

~leJV1~L1'1) ~~~ltlHf)'W~! 1l'W ~!~1tl1J1Jll~~l1'lh~'U 1~tl~lhh~hJ ~ 1~ 1~rlll1~1Jf)l)bfl~f)'lJ!'W ~'V1~1~CJfl 
iI • 11 ' f 

cv d Q.I d Q..I d 

fl'j~'V1 1 U~~ fl'j~'V1 2 !!{;1'~~~~~l)l~Vl 4 

Vlljl-3~ 4 UL1'~~~ 11'lh ~'W~ 1~~11~rill1~'lJfll'j !fl~eJ'U!VWYl~'0CJ11 

m'JJlwhh~u m'JJlw1'lh~uc.l1 c!9f jl1j ., .., . 
v c.I OJ c.I 

fl'j-3'Y1 2 (J.1g/ml)flj -3'Y1 1 (~lg/ml) 

A 221 498 500 

B 0222 455 500 

C Modesto 498 495 

JU~ 6 U{;1'~-3~f)l'jl~fllllJl.uJJsU'U lt1'j~'U11lfJlffi Qubit® Protein Assay Kits 

(Qubit® 2.0 Fluorometer) 
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.. 
~ c!)'_I q ~ ct ct)' c>q

3.4 fll'j1~fl'jl~'tHu'jVl'U6ijf)-:'I~'lH1UUfln&'jtH~tl1fi Sodium Dodecyl Sulfate Polyacrylamide Gel 

d G]V ct c> 0 OJ 

Electrophoresis (SDS-PAGE) ~'Wf) A'lHVI'JtllJUf)'UVlHl'U (;ll't'i'J'U1!~'YI~(;yf)U 

~H'l f11 'j 1t1'1 'j 1~ H1 'l11 ~ 1-H ~ u \PI'll ~HH) 'U f) 11lJ 'U '1 ~n'l tU(l ~ 111 J1'tnTfl 1ll t(l fH'1 ~ u ~ 11h ~ 'W 
q q 

=,J 'cI,J ~ d'cI 'jI ~ QId 

UuU ~ t'\l tJ ~ tl.:J tG)fe:J A. paragallinarum ~U11 JUulJ 'U 1 'th ~'W ~e:J~~G)fe:JYl ~ 3 9f1 'j 11'j lJfl11ll1'1(lltJ1'1I1.:J fl'W U(l~ 

ijut1'Ult1'j~'Wl1rrf17 UtllJ~t~U~~ (~tJ~ 7) 1~tJ~llJ1'jt1tl1u~wu1tJ'j~u~~~~'\IU''W 3 f1~lJl1"f1~ fitl i1.:J 

' . c9 G] 9Jd <lI "">",, 

'j~1111.:J 60-} 00 KDa, 40-55 KDa U(l~ 25-38 KDa G]f.:J AflI1~fH.J~f1U"llU1<iW Amal et at., (2012) 

60-100 bp 

40-55 bp 

25-38 bp 

, V 

_1<:( ftl <LI d "" d''i/ =.d ~ 


JlJ't1 7 Ufffl~lUU1J1J ~ 1J'j~l-Hnflfll'iAltl'il~11~1t111i SDS-PAGE 'tI~HtG)ftl A. paragallinarum 

di did' d'9f 'ill'i A 221 (Lane 1) u-a~ A. paragallinarum 9f 'ill'i C (Lane 2) 
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<:t Q..I 0 oS _I 
'J'~l'J~'YI 4: fll'i'Vi~Ul~VI'YIVliI8'tHn!'H)'i'U indirect ELISA 

~ ~ 

, 'V 'V "'" <:tv .d 
4.1 III 'J' 'YIvHHl'U fll fl11lH \11-.1 6ij ~ 6ij ~ ~ Hel'UVH'll'U fl ~~~ !IlVl Htl~9f 'J'1J'YI!'Yi1-.l 1 ~ fl1-.l (checkerboard 

titration) 
, JJ 

dll] I cl ~ ').J ~ d'l " d I ').J ').J 

\f~Yl~HHnH) nl9fl'VI~fH'lOU~'VH'lYl~ltH~u A. paragallinarum 9f ~'J11'J A lJf11f111lJt\llJ\I'HJtl~ 

UU'W~~~'W f1 eJ'W ~~fW1 UCl~9f~lJ~~1111 l~ '(OJ eJ~~ 25 /lg/ml, 1: 1000 ~~Cl~ 1 :800 ~111 rll~1J (~111~~ 5 UCl~ 6) 

GJ ~ d'l <I d I 9J 9J C> d." ~ 
~'W\lW~'V1 A. paragallinarum 9f b'J11'J B ttCl~ C 1Jfllfl11lJ~6ij116ij'W\lu~Uu'W~~~'U f1el'U~~fl~ UCl~9f'JlJ'VI 

mlJl~'fflJeJ~~ 25 Jlg/ml, 1: 1000 ttCl~ 1:400 ~llJ~WrU (~nl~~ 7, 8, 9 UCl~ 10) ~"fll'J'Vl~ffel'U l~tJl1~nWl 
'Q.I' I I c:1 Q..I .c:.i Q.I .d d 

:u lflfll eJ~ 'J 1 ff1'U 'J ~111Hfll O. D. ~ 1fl Clf'J 11 fl1UfJ lJ v.I Cl'U1flH"~ 9f'J lJfl1UfJ lJ~" (;'l U 'VllJ lfl'Vl ~~ (Positive to 

negative ratio, PIN ) 

, , 'JI 

Vll'J'H1l5 ~1 PIN \lu~fll1lJt,jlJ,j'W~eJ.:jUeJ'W~t~'W ~~Cl~ 9f~lJ ~~11111~'fflJ''Wlll'Hfl~eJU~'W(;'l~~1''9fl~lm~u 

d'l" d G] 'j) ~ 'j) 'j)

A. paragallinarum 9f b'Jl1'J A (211) !lJel !'lfflu'W~~fl~'VIfll11H6ijlJ6ij'W 1:100 

IV ~ .:Iou Sf 'V ~ 

'l~VI'lJftllt1t1l81l1~'lItHCV'l1J ftllt1~"tI"U"8~U8'U9U9U (f.1g/ml) 

ft 1'lJt:ltlNtt'lJ lflUtl~"inl'lJ 
25 12.5 6.25 3.125 1.56 0.78 

1 : 50 1.118 1.119 1.192 1.227 1.4 . _1.206 
-

1 : 100 1.584 1.437 1.437 1.469 1.501 1.446 

1 : 200 2.323 1.962 1.741 1.56 1.679 1.445 

1 : 400 1.916 1.605 1.805 1.465 

1 :800 2.597 1.786 1.56 1.549 
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Vll'jl-3~ 6 ~1 PIN '\JU-3f111lJ~.,j'lJ.,jU"fl~UUU~~\lh! flflumfWl Ua~9fflJ~~VllJ1~fflJh-!fll'Hfl~U'U!'VH'l'Vlfli('lCJf1
'U 

~ J <:1)' 0' d ~ ~ 
\Q11tHG)ffl A. paragallinarum 9f L 'j11'j A (211) (fl tJ U ~m~'YIf1111WU1J6ijh! 1:500, 1: 1000 U('l~ 1:2000) 

v 4 v V ~ 

'j~~'U fl11lUiJ ~iJ1-3"tH fll1'lJl"'lJ"l!\l8~H8'UVll'ill! (J.1g/ml) 
..:tv 
au"nJfl1'UflllN~'Ulfl 

q 

25 12.5 6.25 25 12.5 6.25 25 12.5 6.25Hi.1~Ni;Ul'U 

P (1:400) 2.475 2.371 2.121 1.812 l.423 1.61 I 1.426 0.925 0.773 

N (1:400) 0.293 0.292 0.278 0.188 0.163 0.183 I 0.137 0.143 0.157 

PIN (1:400) 8.447 8.120 7.629 9.638 8.73 8.798 I 10.409 6.469 4.924 

P (1:800) 2.514 2.280 1.893 2.012 1.298 1.169 I r.J95 0.925 0.596 

N (1:800) 0.247 0.207 0.215 0.138 0.145 0.137 I 0.113 0.117 0.116 

PIN (1:800) 10.178 11.014 8.805 8.952 8.533 12.35 7.91 5.138 

fHlU ,HfWl 1 :500 iiltJ'tHHf)~ 1:2000fl~lHHfWl 1: 1000 
'U '"'" 

r 'I"..:t I 'j/ 'j/ "'" dcv d q <!I doll] I 'j/ <!I 

Vll"'Jl-3'Y1 7 fl1 PIN '\J U-3 fll1lJ rlJ'lJ"U"U.:jUU'U ~t \l'U UO~ 9f'ilJl1tl1lJ l~"fflJ ~U flTHfl ('lfl'tH'Vio'Vlfl ~ "Glfl~lm'lfU 

do '1 rI d GJ 'j/ d 91 'j/

A. paragallinarum Glf ~ 'il1'i B (0222) !'lJU LGJfflflh!~tfl~'YIfl11lJ!"lJ'\JU 1: 100 

u 4 .o:tu V · V ~ 

"l~~'Uflll'lU'l)tHll~'V8~CV"l1J flll'Uru1.J"U"8~U8'UfUllU (Jig/ml) 

fl1'Utl1J"i.1tJ1flUi.1~Ni.1i.11J 
q 

25 12.5 6.25 3.125 156 0.78 

1 : 50 l.147 1.188 1.296 1.283 1.347 1.238 

1 : 100 1.335 1.757 1.775 1.700 1.688 1.616 

1: 200 1.649 1.594 1.609 1.441 1.337 

1 : 400 1.498 1.673 1.416 1.282 1.335 

1: 800 1.519 1.700 1.614 1.441 1.335•33 



d I 'JI 'JI """ oev c1 9 ~ clli] 
Vll'Jl~'YI 8 f11 PIN ~tl~f111lJ!"lJ"'W~tl~UtlU~H)'W 'flu'W'iHfWl U~~ C}f)lJ 'VH'l1lJ1~~lJ ~'Wf)l'HfI~tl'tH'VH'l'Vltl ~fl 

'U 

I'JI Ji d a' c1 'JI'JI
C}f1~lm9fB A. paragallinarum 9$1)11) B (0222) (f1u'W ~!fWl'Vlfl111H~lJ~'W 1 :500, 1: 1000 U":; 1 :2000) 

v ~ v v "'" 
";i~YI'lJflll'lU~6'i)1~"8~ flll'lU"lJ"'U\l8~U8'UVU'il'U (J.lg/ml) 

-=lv 
C)fllJflllJ fl 'lI fU1 lJ 1 fl 

q 

25 12.5 6.25 25 12.5 6.25 25 12.5 6.25Wl~ f-Hl illJ 

2.612 2.154 1.671 2.098 1.172 0.879 1.365 0.606 0.535P (1:400) 

0.279 0.275 0.259 0.177 0.178 0.169 0.16 0.155 0.151N (1:400) 

9.362 7.833 6.452 6.584 5.201 8.531 3.910 3.543PIN (1:400) 

2.528 2.063 1.56 I 1.857 0.973 0.981 1.27 0.563 0:538P (1:800) 

0.247 0.287 0.252 0.173 0.171 0.161 0.129 0.115 0.123N (1:800) I 

10.234 7.188 6.190 10.734 5.690 6.093 9.845 4.896 4.374PIN (1:800) I 

fl5U lijm~ 1: 1000f15'U~tfWl 1:500 tl6'U~UWl 1 :2000 
'II 'II 

, • 'JI 

Vll'Jl~n 9 fl1 PIN '\ltl~fl11lJ!~lJ~'W'\ltl~U6lJ~lll'U Hfl~ 91flJ'Vi!11lJl~fflJ'iAfl1)!f1~{)'U!l'W't16'~C]l~lmG}f5 

d'} rI c1 , 'JI .d 'JI 'JI 
A. paragallinarum Clf ~';j11'j C (Modesto) 1116 'lfflB'W ~!fWl'Vlf111lJ!~lJ'\l'U 1: 100 

IV a .:Iv v V .::. 
1~~lJfll11.utl8tll"tl.:JCU1'l1 fl"Jl'llA"'lI"'U"8.:Jn8UVlA~'U (f.1g/ml) 

fl"J1Jfl'llNtl'UlflUD:NtltltJ 
q 

25 12.5 6.25 3.125 1.56 0.78 

• 

1 : 50 1.408 1.486 1.503 1.482 1.495 1.437 

1 : 100 2.045 2.148 2.163 2.144 2.158 1.966 

1 : 200 2.910 2.734 2.411 2.455 2.202 2.110 

1 : 400 2.662 1.981 3.035 1.716 2.212 

1: 800 2.262 1.729 2.841 1.410 2.037 
,; 
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Vl111~~ 10 fll PIN "el.:.lfl11:Ut~lJ~'U 6ijfl~Ufl'U~t"'U fl el'U "tfWI t W~ 95jlJ~mlJl~ {1'lJ l'U f) l'HfI~fl'lH'V'H''Vl51" cu 


I 'j) ,J d cI d 'j) 'j)


9fWI1m~f) A. paragallinarum 9$1) 11) C (Modesto) (flf)'W ~~f)\91'Vlfl1nWUlJ"'U 1:500, 1: 1000 !W~ 1:2000) 

v a v v """ 
"j~~1.Jfll1lU~8~1-3,.tH fllU.u"lJ"'U"8~H8U\JUll'U (f.1g/m1) 

..:tv 
CU '111flltJ fllJfHl1.J1 fl 

~ 

25 12.5 6.25 25 12.5 6.25 25 12.5 6.25
Uil~fH,Hl1J 

2.388 1.285 1.045 1.457 0.574 0.63 0.883 0.463 0.440 
P (1:400) 

0.187 0.176 0.1670.334 0 .394 0.363 0.25 0.202 0.199 
N (1:400) 

7.150 3.261 2.879 2.842 3.166 4.722 2.631 2.635 
PIN (1:400) 

0.763 0.334 0.3182.107 1.061 0.871 l.25 0.531 0.453 
P (1:800) 

0.2 0.204 0.2180.306 0.251 0.2160.368 0.383 0.358 
N (1:800) 

3.815 1.637 1.4595.726 2.770 2.433 4.085 2.1l6 2.097 
PIN (1:800) 

fl tllHHfWI 1: 1000 fltllHHfWI 1 :2000 tlfllHHfWI 1 :500 cu cucu 

Vi111£U1W' '~1~flfl'U"m~~fl1llJ!4YlJ.uh! 1:500 t~fl.:.l"lflfl1 00 6ijV~~1flth~tjd/lJfli1J~lJPH'l"1J'M'~lff~ 
~ cu - Q 'II 

_ t """ """ 
4.2 ~ftlnl"j'YI~iJ8Uu"j~ir'YIti.fl1'W"8~~~'t1~iJ0tJ 

~ 

, , 
4 I .::I 

4.2.1 flvHH)'lU'Vttl'Hlftl cut-off l'UVi1Jl~il'lI 

• .., I Q<>I 0 <>I' ~ 9J 
~"~lflfll'iftlU1W~ 1fltll~9$)lJflTUfllJ~Hl"'lHl1'U 1'U 20 ~1t)Ol~ tlJ fl \91) 11l~ 1tlG)f~'YI~HH)'U

q q 

ui"G)h~t~jtllJ!V.:.l "lflfll11H,j'lJ~'UUtl'U~t"U CUflJ Uil~flVh!ll!fl~~tl1lJl:;{t'lJ 'W1Jfll 00 ~i~"lflG)f~cu q 

'YI~fffl1J~ i"CJfl H{t'~~i.:.l~l'il.:.l~ 11 l~tlfil cut-off 'Ut)~'lffl'Vl~{t'tl1JU iaG)hu~,,:;CH1 'i 11f~~1l1fl film~O'Ufl~ 
q 


<>I I d", 9J I I d 


00 ~1flfJl~9$)lJfl11JfJlJf·m"1J 1J1fl~1tl{t'llJt'Vl1'Ufl.:.lfllt1Jtf.:.lt1Jh! ( cutoff= Mean 00 + 3 (SO) ) (Shen et 

aI., 2015) 
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I I I jJ 

Qll'j 1-3n 11 U~~ :) f11 OD ~en;flJflllJ 't'UHHH"lJ ~iJ tl~) '111 ~ rHJ9J\Pi 'Vl \Pi ~tllJD1~951'l1 t~1VlJ te) 'HllfH~tl 
~ q 

~ d " A. paragallinarum VI.:! 3 C}$l'jl1'l 

Cil c!Clf 'j11'j 
, 

'lf1-30D 
.d, 

fllhHlt1 (~Iean) 
I 

, ct 

fll~UtH~U'U (SD) Cut-off 
I 

A (221) 0.111-0.343 0.184 0.050 0.334 

B (0222) 0.174-0.423 0.274 0.070 0.484 

C (Modesto) 0.213-0.590 0.360 0.106 0.678 

4.2.2 't1V1in)Ufl1nJtlllJntl1'Ufll'j~'j1'ilJl'vl (repeatability test) "8~lYlnYla61J8\ilcUl 
9 ~ o~ ~d ~ 

f1111J bJ'llJ 1'l () ~ 'W fln~'l l'ilC}$l~ c)~9S~'Vl<fHHn.Hnt'l 'il'l tl indirect ELISA 'Vl!~) VlJ~1-Hc) ~ bl'llJl'Hl 
q ~ 

tl 'j ~ !iiU i ~111f) f11 ff1J tl 'j ~ ff'Vl~EijB-lfll1lJ~'<t.Ht tl 'j (CV) 111f)~1eHh ~Clf~lJ f1TUfllJ~HlUlf) ~l'W TW 3 ~1B~1~ 
q 

(n=3) U~~t1rflJfl1'UfllJ~HH"'U~nn'U 3 ~1c)~1~ (n=3) lriB'Vt~bI'f)'Un'UlYHrV1D1~~1~lfl~tl'U~lmlc)'U~!'il'U~
q ­

r--I~~'illf)~tl~!~Vlnl-Httl~~H~B~ 1~tJ~'U11f11 CV ffl'U ''Y1ul1li!f1'U 10% !riVcW'ill'HU l'illf)~~9J\Pi'Vl~ bl'tl'll~ 
" q 

~ 'j) Q dQ ~ d Cl.' I cl ",; 
!f1 ~ tlU<f11VUtl'U~! 11 'U VI r--I(l~'illf)~tl~H~tllf)'UU(l~~l~~fl~ (~l) l~YI 12) 

~l'jH~ 12 f1TfflJ'lh~ffYln~B~fll1lJH'UUtl'j (CV) 'illf)~1flth~;~lJfl1'UfllJr--I't'IUlmlCl~H~~'U
q 

, , , Ci
. +I-ELISA 'lf1~tll %CV fllltHUJ (_ ISD) %CV 

, d'l " C}$ ~ 'ill'i A 1.57-9.78% 5.45 + 2.77% 
~ ct "'" 

Ut)'U~l'il'U't1~il~ 

~ .::t QJ 

d'l tI 
C}$ ~ 'ill'i B 1.11-9.16%> ­ , 3.67 + 2.03% 

~lfltl8~l~UHflU 
d'l tI 
C}$~'il1'iC 0.14-7.62%> 2.85 + 1.83% 

~ 
, 

.::t "'" 

d'l tI 
CJf~'lln A 1.22-8.69% 4.1 + 2.740/0 

U6u~m'U't1Nil~ 

, ~ QJ 

d'l tI 
CJf!'ill'iB 3.87-12.92% 6.15 + 3.48%> 

'illfWn~il8V1flU 
d'l tI 
C}$ !'il1'i C 1.42-1l.52% 6.28 + 3.560/0 

, 
o ~ ,.::t .::t 

4.2.3 'fI~tJ8'UfllUHl1l'ftl~ (Specificity test) "6~1i\1l~tl81J8 &ilC)fl't1lfl'j£l'lJ~t)~ 

o 0 d I d OJ J Ift ft "" .:s,
fl11lJ111~~1~~U~')1<f111~"'tJ'HY1t'j11'j1J indirect ELISA YI'V4WJ'Wl'WU u'j~~lJ1Hl1f)'lf~'YI~'fftlUfl a 

q ~ q 

~ 

9ilVi~~1mHfl~'YI~'fftl'Un'UClfi'lJfl1t1f1lJfHl1J1f)~tl~!~tl lBO, IBV, PM, MG U't'l~ MS ,,rF'Hli~U'ff~~''W~nl~
q 

., ~ 


Vi 13, 14 U't'l~ 15 u~~'jtJVi 8 1~tI'Yi1J1uh 00 111f)~lfl~Hfl1'UfllJr--Itl'U1f)"~Nl~B IBD, IBV, PM, MG U": 

~ q 

MS ij~1U'~ltIf)11fh cut-off ffl'\1ftl')1f1l1~fftJ'UJ'~ 3 ;1'i11f U"'~~~~f111lJ1l1~~1~'\Jfl~')1~'Vl~~f)'U~ffllJnO
q q 
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'j/ 'j/. 

~".I1'U 1~r-H'l'U1fHQ'W1~~e:H~u A. paragaflinarum !'vllu'W !'W~ru~li~l 00 'U1fl~lud1.:Jfl1UfJlJf:-.IOlJ1fl"U~ 
li ..::I I I ~ Q/ I d cI

~9fu A. paragallinarum lJfl1~ ~fl11 cut-off ~lJu~".I TD fl'U~\Pl'V1~HftJ'U\9l1-lC)fli 11".1 

2.00 
1.80 
1.60 
1.40 

~ '" 
::l 1.20 
~ 
> 1.00 
0 0.80 
0 0.60 

OAO 
0.20 
0.00 

a:t 0 0 d ..::I I "" ~-~..::I cI d d ~ 
'nJ'Y1 8 fl11lJ'il1l'W1~"tl-:J9f\PlVl\Pl{yu'U{y1t'H)'nJtl 109j'19fU\Pl indirect 'Vl~ 3 C}f 1".I 11".1 'VH\9l'H.llJ"U!u~ 'il1flfl1".1 
~ q ~ 

~ ~ "" <::1'1 rI ~ '" ..::IQI

!fl 0 tl U l'W 0 VI ~ 1tJUtl'U \9l! 'U 'W A. paragallinarium 9j' ~ ".I 11)" A, B U ~ ~ C !lJ tl 'V1 \Pl 'ff tllJ fl'UC)f'nJfl1lJ fJ lJ f:-.I ~ lJ 1fl 
'j/ 'j/ 
~ Q/ <::I Q.I I .:!J 

"tl ,H'1f tl lBO, IB, PM, MG Uft ~ MS, Hft~ 'Vl \Pl 'ff tllJ fl U 9j''J lJ f11 'U fJ lJ ~ ~ 'U 1 fl ~ tl! 9fu A. paragallinarium 

;lJl1f~1~'1 

, 'j/ , 

;:=l I '" I dQl I ~ <5 '" 

Yl111.:JrI 13 f11 00 "tl~~ltltJ1~C)f'JlJfl1'UfJlJ~oUlfl~e:H'1ftl MG, MS, PM, IBV Ufl~ IBD llJtJ'V1\Pl'fftllJflU~\Pl 

o d ~ I d .:!J 'j) ..::I 1: -rl 
'Vl\Pl'fftlU'ff1!)"'il~lJ indirect ELISA 'Vl!f1fttl1J!'WoVl\Pllti A. paragallinarum C}f !)"11)" A 

I Control serum OD values 
_I 

Mg 
I 

O.200±O.O14 

Ms O.167±O.OO7 

PM O.136±O.OO3 

IBY O.129±O.OO4 

IBD O.168±O.OO8 

..::11 rI
C1f )"11)" A 1.652±O.O12 

..::11 rI
C)f ~11)" B 1.318±O.O32 

~ 

..::11 tI
9$ 'J11'J C 

-

O.943±O.049 
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'j/ •
ct' QI I d Q.l I ~ C:l (lJ 

VlnH't1 14 fl1 00 'tJeJ~~1e:HJ1~9fJlJfl1DfJlJvH'lUlfl~eH9HJ MG, MS, PM, IBV u,,~ IBO ~lJtl'VI~HYeJUfl'U11~ 

'Yl~ftt)'Uri1t~lIJtJ indirect ELISA ~Lfl~t)'Ub'VH'1'V1~l(J A. paragallinarum ;l.il1f B 

Control serum 

Mg 

OD values 

O.204±O.OO4 

Ms 

PM 

IBV 

IBO 

cS1 a'Clf 1111 A 

O.116±O.OO4 

O.O98±.O.OO5 

O.O96±O.OO2 

O.124±O.OOl 

1.587±O.O73 

cS1 a'
Clf 111'J B 

cS1 a'Clf 1111 C 
'------ ­ - ­

-
1.698±O~O50 

1.S97±O.083 

ci, Q.I' dev , ~ ~ <lI 

Vll'JH'YI 15 fl1 00 'tJt)~~1utJ1~Clf'JlJfl1DfJlJH~Ulfl~m9ft) MG, MS, PM, IBV n~~ IBO tlJt)'VI~ftt)'Ufl'U11~ 

o d ~I <9 'jJ d') a' 
'YlllfteJDft1t'JlIJ1J indirect ELISA tfl"elDt'W~Yl1l1(J A. paragallinarum Clf l'Jl1'J C 

Control serum 
-

OD values 

Mg O.261±O.OO2 

Ms O.142±O.OO4 

PM O.120±O.OO5 

lBV O.115±O.OO9 

lBO O.169±O.OI1 

4:11 a' 
C)f 1111 A 1.732±O.O29 

4:11 a'
CJ1 'J111 B 1.723±O.O23 

4:11 a'
'1f 1111 C 1.798±O.O 18 

L-_ L .. - _ . - - ­
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4.2.4 fllfl111J"'Um~fl111lcUlfrn~"U~'l1vl'n~in)'lHh&~1l'aU indirect ELISA 
q 'U 

filfll11Jl1U(;'l~f111lJ~1!Yil~6ijB-l9j~'Yl~'H)1J~~f1~BU~1t1 A. paragallinarum ijfil!l11nlJ lOO% 

!!(;'l~ 36.67%) -ff1111U9fl'.i111 A, 100% U(;'l~ 31.67% ril111U9fl'Jllf B U(;'l~ 100% U(;'l~ 31.67% ril111U 

eli" d 9 d , 'jJ' 

C)f ~'.ill'.i C (~l'Jl-l'Vl 15, 16 !W~ 17) ~'U6ijtu~'Vlf11fllllJfftl~f1fltl-l'J~1111-lG})'~'Yl~LH)U indirect ELISA U(;'l~
q 

HI nfil!~lnU 59%, 53% !W~ 59% ril111Ucul'Jllf A, B !m~ C ~l1JrlWl'\J (~l'jl-l~ 18, 19 Uo~ 20) 

eI '11] 0 0 d ~I d ~ 'jJ

Vll1Hl1 16 f11fll11J ~lU(;'l~f111lJ1l1t'Wl~eutl-lG}f~11~fftl1Jfflt'.i1l'JlJ indirect ELISA 'Yltf1(;'ltlU~lt1
q ~ 

eli " A. paragallinarum C1f ~ 'Jl1'.i A (221) 

Control serum 
In-house ELISA Total 

Positive results Negative results 

Positive results 40 (a) 38 (b) 78 


Negative results o(c) - ~2 (d) 22 


Total 40 (a+c) 60 (b+d) 100 

%Sensitivity: a / (a+c) x 100 = 100% 

%Specificity: d / (b+d) x 100 = 36.67% 

%False positive: b / (b+d) x 100 = 63.33% 

%False negative: c / (a+c) x 100 = 0% 

.d I lIJ 0 0 d ~I .::S'~ 'j) 

Vll'an'YI 17 fllfl11lJ nU(;l~fllllJlIlt'Vil~6ijB,:,jG}f~Y1~"'tllHY1nll'JlJ indirect ELISA 'Yl!fI(;'l'UU\Ollt1
'I 'II 

di " A. paragallinarum 9f ~ 'Jl1'.i B (0222) 

Control serum 
In-house ELISA Total 

Positive results Negative results 

Positive results 40 (a) 41 (b) 81 


Negative results o(c) 19 (d) 19 


Total 40 (a+c) 60 (b+d) 100 

%Sensitivity: a / (a+c) x 100 = 100% 

%Specificity: d / (b+d) x 100 = 31.67% 

%False positive: b / (b+d) x 100 = 68.33% 

%False negative: c / (a+c) x 100 = 0% 
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c! 'IIJ 0 0 d ~I .,,; ~ 'j/ 

Vll'Jl~'Yl 18 fllfllllJ ntU,\~fllllJ1l1t'V41~"f)~G))'~YI~HH)1JbYlt'H)':iu indirect EL[SA VHfl~f}U~lCJ
q ~ 

<:11 <I 
A. paragallinarum 9f ~ 'il1'i C (Modesto) 

Control serum 
In-house ELISA Total 

Positive results Negative results 

Positive results 40 (a) 41 (b) 81 

Negative results o(c) 19 (d) 19 

Total 40 (a+c) 60 (b+d) 100 

%Sensitivity: a I (a+c) x 100 = 100% 

%Specificity: d I (b+d) x 100 = 31.67% 

%False positive: b I (b+d) x 100 = 68.33% 

%False negative: c I (a+c) x 100 = 0% 

c!' 'j/ '0 d ~I .,,; ~ 'j/

Vll'Jl~'Yl 19 fllfllllJbYf)~fHH)~ (agreement rate) 'i~1111~G)j~'Vl~bYf}'UbY1L'i\lJU indirect ELISA Vl!flflB1J~lCJ 

<:11 <I 
A. paragallinarum 9f ~'il1'i A (221) U~~ HI 

Hemagglutination inhibition test 
I n-house ELISA Total 

Positive results Negative results 

Positive results 37 (a) 41 (b) 78 


Negative results o(c) 22 (d) 22 


Total 37 (a+c) 63 (b+d) 100 

% agreement: (a+d)/(a+b+c+d) xl00 = 59% 

c!' 'jI '0 d ~I d ~ 'j/

\?ll'jl~l1 20 fllfll1lJbYf)~fl(;,H)~ (agreement rate) 'i~1111~G)j~'Y1~'flf}'UbYlt'i\lJU indirect ELISA YI!flflB1J~ltl 

dol <I 
A. paragallinarum t)f ~ 'il1'i B (0222) Un: HI 

Hemagglutination inhibition test 
In-house ELISA Total 

Positive results Negative results 

Positive results 34 (a) 47 (b) 81 

Negative results o(c) 19 (d) 19 

Total 34 (a+c) 66 (b+d) 100 

% agreement: (a+d)/(a+b+c+d) xlOO = 53% 
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<:i' 'jI '0 d ~I d ~ 'jI

V1111~1'l 21 fl1f111lJffijflfHH)~ (agreement rate) 'j~l111~1I'~Yl~'tH)'Uff1l)\1~lJ indirect ELISA 'YUflfltl'U~llJ 

~l 0' 
A. paragallinarum 9f l'i1n C (Modesto) Ufl~ HI 

Hemagglutination inhibition test 
In-house ELISA Total 

Positive results Negative results 

Positive results 40 (a) 41 (b) 81 

Negative results o(c) 19 (d) 19 

Total 40 (a+c) 60 (b+d) 100 

% agreement: (a+d)/(a+b+c+d) xlOO = 59% 

4.2.5 ~mtltJltintJfl1'l~el'UU'U6~ilijfl'lJfl\n~'tr-.h~'lfVlflVlil'6tJih&1i)1tJ indirect ELISA Uil~HI 
IV <l q, 'U 

9rflJfl1UfllJ Hfl U 1flll-H'l flfl ~lJ ~ ~ '1~ \11 fl1 n11 rr~ \11f1fl'j ~ ~un iJ r1lJ n\..! fI f~U 'j f1 4 ffU~ 1M 
" Q Q Q <U Q 

'JI - • 

Uff~.:JHflU1fltfiij'U 100%) ~tlG)f~'Ylflfftl'U indirect ELISA i~ 3 ;1)11f l~HJUtlU~9rflJ'\Jtl~tt~fl~ 
q ... 

~1 'j11f111'H~U1tl~fl,¥~'YI~fftlU~!fl ~ tl'UtWfl'Vl~l~9r1)11f (heterologous test) 1UYl1~~) ~n'tJ,j1lJtl1) ~ 'j 1~ 
'jI 9 'jI <=1 ,d <=1 1 0' W n I 0' d 0' Q.I , ~ Q,I 

f111:J HI ~11Hfl'U1mu'Vtl~fl)WYl9f ~)11'j~(Hf1l.J (heterologous test) tufl'H9fU~~H1U1fl\11f)~1flI:J1.:J9f)lJ 
., 'j) I • 

dl lIJ 'jI IIJ '<=1 'jI c> 'jI W 91 Q.I <=1 ~ c:\ c:\ ~ 91 ,91'
f11'UfllJ H fl U lflGJf ~ ~fHllfl l flYl fl) ~ ~U fllJfllJtll.J f111:J1fl9fU! <1H)~ 11:J'Vl1~)tJlJ!e) ~ tlJ tl ~ 'j 1 \1 ~ 11) HI ~Uf) 85%),

q q QJ q 

70% Ufl~ 100% ril'Ylfu~1'j11f A, B U'tl~ C ~llJ~h~U lu~W~~ij~ltl~1~;flJfl1UfllJHflflU~1l.J1U11~~
q 

~leHh-:j~ll1'H'tl'U1f)~6'lfflYl~'tH)Url1t~\1'iU indirect ELISA ~1'i11f B Ufl~ C tldl~ ')n~llJnfl~1tld1~
q ~ q 

'\Jfl~;flJfl1'UfllJHflfl'U't1HflllJU~Utrltl~'j1\1fl'1I:Jn HI (~1)1~~ 21) 
q - ­

. 
<:i _~ Q Q'jI Q.I' 0 d nl 

V11 11 ~l'l 22 t '1.1 'HJ'U lVlfJUfl1)~ fl'U 'ffU tl~'\J fl~fllJfllJflU 'j ~ 1111 ~ '1f~ 'Vl~tYfl1J tYll) ~) lJ indirect ELISA ttfl ~HI
'II q q cu 

Q,IQ,I , <:i Q,I .:2 lIJ 91", 91 "'" 91 Q.I 'l 91 
\11n~1~Wl~9f) lJfl1tJfl1JfH'l1J1flU~ ~ H~ fl'UCJf.:J ~f1'j'Ufl1'j fl'j ~ ~ 'W fllJfllJfllJ~fl ~ 'jfl111~ 11 U lUllJ 

• q <U q 

"""'.".
11iflVlU8tJ 

, .clv 

fl il1JCIJ'lli ftltJtl1J 
<l q 

I 

j 

Coryza Oil-3® J A 221 I I C Modesto I80222 Negative I 

I-ELISA coated serovar A 100% 100% 100% 90% 0% 

HI + serovar A antigen 100% 85% 0% 0% 0% 

I-ELISA coated serovar B 100% 100% 100% 100% 5% 

HI + serovar B antigen 100% 0% 70% 0% 0% 

I-ELISA coated serovarC 100% 100% 100% 100% 5% 

HI + serovar C antigen 100% 0% 0% 100% 0% 
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ct "'" V QJ ') QJ V V "",ct 

'a~tl~'Yl 5 fll"i~"il~{!tJ~lJflU~eH'aft'H1Vl'HU1'U1lJ~1t111i Hemagglutination inhibition 

~Cl ~ lflfll'j W'j11l';;~~t1fliJrllJtl'W~B1'jfn1~lnrl'U llJ ~ lfl~1eJ(h~9r-r1Jfll'UfllJ~Cl Cl'UUCl~~lB(h ~9ri'lJ 
~ q q 

, 'j/ iI • 

fl1tJ'fllJ f:Hl'U lflVi b\911 UlJ 1) lf1f11';;~~l'fl;'W1~eJI9l1U'VlHfl1';; 'f1'l~b~~ lfl9Jl..n~el~ lfJ'ViHftl9lbel,;j 1~HJl'l1f11';;~~l'fl;'W
q 

2 'flf~ !b~~~flf~ij,;;~u~b1~lrh~flh! 2 ~tJ~l11' fll'jbntJ~rH)cJ1~;i'lJlni~u~tlf)h!fll'jfl'j~~h!fliJf1'lJtl'W
q 'II q 

, 11 'jJ 

!W~Yi 2,4, 6 U'tl~ 8 iYlJ~l11' fl1Ul'i~~fl1'jfl'j~\9l'h!fliJf1'lJn'Wfl1~!b'jfl H~f1nl9l'j11)'j~~'UfliJfi'1Jti\J~m~e:J
q ~ q <u q 

~ Q <I~ C>Q .... d 
A. paragallillarum 'Vl~ 3 9$1';;11';; ~ltllli Hemagglutination inhibition Ur.1~~~~J,j'Vl 9 

(A) Serovar A (8) Serovar A 

120% 10 


~ 100% 
0" 8 

a. ~ 
0 


co 

E 80% 

~ 6Vl 

Q) ~60% 
Q)> oS 4 

°Vi 
0 40% 

:r:a. 2 
0 ~ 20% 

00% 
0 2 4 6 80 2 4 6 8 

Time after immunization (weeks) Time after immunization (weeks) 

(c) (0)
Serovar B Serovar B 

10120% 

Vl 100% 
Q) 

0.. 80%E 
('j 

Vl 


Q) 60% 
of; 
°Vi 40%
0 
a. 

~ 20% 


0% 
0 2 4 6 8 0 2 4 6 8 

Time after immunization (weeks) Time after immunization (weeks) 

8 
N 

01) 

.2 
605 

~ 

oE 4 

:r: 
2 

0 -,,--". 
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(E) (F)
Serovar C Serovar C 


120% lO 


(/) 100% 
 8 ~ 
a. 
E 80% ;0 
ro 6 
(/) ~ 
~ 60% :::> ........... 4 
(/) 40% ~ 
0 ...... 
a. 

0
';!( 2:r:20% 

0% II • -..=... ....,..-tl-"''''''''''''--m 0 .. 1\1 - ..._-_.-a .. 

0 2 4 6 8 o 2 4 6 8 

Time after immunization (weeks) Time after immunization (weeks) 

"""-Comtnercial ......S~r o,,;·ar A ""'~"'" Serovar B .......- SerOV<ir C - Control 


'aU~ 9 (a, c, e) Uft~~~llrJU';lfHh~~lMv-l~irJnft~t~'Utu't)f!cUU~ (0/0) Uft: (b, d, 0 Ur;y~~1'~~1J HI 
'U 

Ii] "d! 'JI <:>d I ~ d <I
~~H\Pl't)'j tlJ't)'Yl~ftt)'U~'HJ11i HI test ~t)!G}5~ A. paragallinarum C>Jf11'111' (a, b) A, (c, d) B U(;'l~ (e, f) C 

~lfl~l~9r~lJfll1JfllJ~Hl1JlfHtft:HClaU(\nuti~!l:J'W 5 flcilJ l~un flcilJ~ 1 ~fl1,r1fl;Ut~fl~1(J'Vll~nl'jfi'1,
q 'U Q Q 

nci1J~ 2 ~fl1M'1fl;Ut~t)\Pll(J~Hil~m-l;11'11f A, ncilJ~ 3 ~t) lM'1fl;u!~t)~lfJ~H~\Pltt)~;1 1'11f B, flcilJ 
q q q 

, fjI I • 

Yl 4 ~t) 1M'1fl;'W!9}t)~1(JYi~~1Im-l;li11f C, ncilJYl 5 ~'t) flcilJ;~lJfll'UfllJ~HH'U
q q q 
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~I ~ c! 
iJluHil~1'i11"iW~(;1f)1"iflyH'}eJ~

q 

nnn~HH)LJ 'Vll-:) ~TW~~lJl'VltJldn1 ~'U~l'J 'Hlfln~ellHnH"J -:j ~ tl-:) fliJ fllJ fl'W ~ ell1fl'Hl~'H W1UllJ 
<u " 

~ <::>c:1 c:1 eg?1 ~I 
~lfJl1i HI u,,~ blocking ELISA lJfll'jflfl'hlltuW"j~fJ~tl"ll1"ltJu ([ritani et ai., 1977; Yamaguchi et al., 

1988; Zhang et al., 1999) tlVl-:) 1 "jn~llJififln~"jl~~-:jn~ll~~fl~ij,jeH)lfl~H~~lJfll1lJ~U~eJ'W~eJ-:jn'Vh 

nl1Yl~bYeJU cJllJn1JfllJUlhN~~cJ~1~Htl1"leJ1"I'\JeJ-:j1'fi HI l1~eJ nn1liljllJ l'U lf1'Utl~HW1"l~UeJ~~~1(J'vtl1L1 
v 

~llJ'V1'tl-:j~(11~~el~n blocking ELISA \llfl,jeJ~lfl~~'H~lih"lh1nfllJ'Vl~,((tllJ HI U(1~ blocking ELISA 

1 ~ 1 ~tl fl111lJ 11i'~ 'j 1 \l fll J ~ tlLJ ~ 'W eJ ~ ~J eJ ~ fi iJ fi'lJ fl'W ~ eJ 11 fl111fll1 tY1 U 11J 1 ~ fJ vt11U b ~ 1,,1 L1 1 ~ ~1 ~-:j J'W11,,1 
'U 'U " 

d? ,leg ~ '" cl ~ 0' c:1 c:10 

fll1 fffl'l:Jl'W \I ~ lHfl11lJ ~'U1'il1 'U fln~WJ1"Ill>}f~'Vl~~eJ'U bYlt1 \l1L1 indirect ELISA l~fJ' I>}f!CJmf:HtUfll'lt1fJ A. 
" 'U 

paragallinarum 1Ufll'HfI ~ tlLJ ~~ (1'VlUfJfl~1 J l1f ril'H ~'Ufll".i~".il,.rl~ n lJ ~ tlLJ 'ff'U fJ -:j "~-:jfJiJ~lJfl'U~eJ1".if) 

QI ~ 0 c::C n I - ~I <:><=:1 t::S 1~ · n I "-' 9 ~ 'j/
'Hl~'H'U1UllJ 'lfiln~HYtlLJ'((lb'J~".ilJ indirect ELISA ~u'Wl'[j'Vl 'jf-llfJ u"j~l1fJ~n~l Un~ ~I>}fU1~~lW1"IeJfJ

q 'U 

~ q ~ Q 0'9 .:::. cI 
!'WeJ-:)~lfl !l>}fflellJ'WllfHlJ !'Ufll'J1bfl11~11 

v v v v v 

\llnfll'.i· ffflEJlfl-r~U !tlfm!1JflYi~fJ A. paragallinarum Hff~-:j~UULJLJ lth~1"I'\Jel~btlfeJ'n-:j 3 ~1-~ 

';nflJfl11lJfI~ltJfl~~fl'U 1~tJ,((llJl'jtHM1"IUtlLJluJ~'W~i~!~'U''U 3 f)~lJl1ci"fl~ fitl 'tfl-:j".i~'H11-:j 60-100 
• v 

KDa, 40-55 KDa Un~ 25-38 KDa cM~1fl~b~fJ-:jtl'U-:jl'Wl~fJ Amal et aI., (20 12) lJlflv·m~~fl~11U~~-:jl1ttlfeJ 

c:1 c:l c:! <=:1 0 '" <!i do lIJ 'c:l 

H'UfI'VH"j fJ A. paragallinarum 'VH~ 1fJlJ bYl 11 )l.HfIjl tlLJ b'YH11'1 indirect ELISA lJfI ,)llJtl1lJl~fflJUo~ !lJlJfll".i 

v , 

U'W~iltl'WlJlfll1hAUUtl'W ~h~ 'U fl'W ~ 

ffnfi'uHl 'J 'Vl~ 'fftlLJUJ~ff'Vli fil~6ijtl-:j~~l'I~ffeJ1Jytlrh tll cut-off 'U tl-:j'lf~l'I~ffV'U fflL1 ~".i,j
'l q III 

indirect ELISA Ul11iLJ;1 'J,)lf B U(l~ C ijfl 1\T-:jf)11;lJllf A UUft~~-3t1fimrJl'Utl-:j6J1~'Vl~fftl'U9r1 Jllf B 

Uo~ C lJfll1lJul1,:uilJlJlflfl ,;h; 1 ".illf A ~-:jeJlm~tJ1~eJ~ti1Jfll".i~f)1J,(('W tl-:j ULJLJ 1~ ~1b'Vn~ Ldtl~~lHUl 
v 

f111lJ ~lt~l~'tIel~tRll~'fftlLJ~ lJ il l~n,jBmfJl~tl'U,(('U el~'JeJ-lU8U~"Iij'W ~ t1;-rllfl1'UfJlJH(1LJlfl~ V~L tlfeJneJ 

l"jflg'W~'wff,rmfl 1,rUrl IBDV, IBV, PM, MG Ho~ MS l'U6ijW:~'WLJfll"j!n~ufimfJl,jllJ".i~'Hl1-:j9sl.i 
0',,-, ~ 0 d GJ~~ <::>91 Q.lt::Sc>

ll'J ~-:j'U'UI>}f~'YI~if6lJfflb 'J 'il 'J U indirect ELISA ffllJ l"j tll.l>}ft'rH)~'.i1jUtJflf)1'J ~ tlLJ ~'U eJ~~V-:jfilJfllJn'U'Vlbfl~ 
q <u 'U " 

" .
lJlf)f)lJ~~Ltlf~ A. paragallinarum filfJl1,,1~~ 'riU~1~ffllJl"jflUfJflfl11lJU~f)~ 1-3'J~1111-:jC}f1111f , 'U6ijW~ll 

~~'Vl~ffeJ1J~b,i~tJu4'U~lJ fI ,)llJ 'ffllJ11tll'Ufll".i~J1~Jl ~d eJ-:j~lflfhu)Jlh ~ ff'VlliGU tl-:jfl11lJvfw UU 1 (CV) ~lfl 
q 

~ltl ~1-:j9s~lJfl11Ji\1J"'o LJ 1flU ~ ~9r~lJfllLJfllJH(1 (1 'U ~rlV'Vl~ffeJunU&YHl'VlV1 ~ qfl~~fl~ elLJ~lVUtl'W~!~'U~ 
• q 

~~~ 'l1f)fteJ~lMrrlfiuu~~~l-3~ tl~ nfll1lilfllJ 10% 'Wvn~lfld~~nrlfftl1J ril!~ lJ "j 'tJ indirect ELISA J~ 3. ~ 
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- -

9f l'j llf lJfl11lJ 1l~UflTj'Vl~HffJU 100% H~fll1tJ~lrVn:;;r1 e)'U ~\:J~1 (lh:;;llltu 30%) ~~'jl~';h~fl~'JJiim til 

~111 U~ 'j ~ 11 i V.I 3 9f1'j llfEti U~ A. paragallillarum r·n:') ~~ tl ~ ll~U~fl~ 1~ 1) lflfll 'j ftflEnnU1Hll!VU a:J li 
ciG] ~ & do' d 1 a' 

blocking ELISA Yl ~G1f monoclonal antibody 9f~lJfl11JJ'U1~vn:;;~aC)1 !11nu~ (Zhang et aI., 1999; Sun et al., 

2007) vH,) tll 'j 'Yl ~ £YU Ufll111 t) fl~U~Etl tl Hfll V1~ iH) 'U ~ ti ~;,~ i 1 G1f~'Vl~ "ffUU ffl ~~ 1) 1 U indirect ELISA ~ 
<u q q 'II 

w ~ • .J<::\ o~ • ,J IQ.I 

VlWl 'U 1'tJ hllJ 1111lJ 'Ullfll111 11\1' ~ It.J fl11~)11)f)n~H)'U ftU a ~ 'tJ a -:J fJ llfJllfltJ~m~a A. paragallinarum 'U 1tl1tl 

, iJ" r, 

l11~r'U fl1'j tl'j ~~\.JfliJf1'lJnl.rvl-:J 'U1flfl11~~~;U iflOb 'j 'llJG}f1~ Ufl:;; n 11 1~1ulflC1fU djmm fJUtl1£J'unu 1 nVi tu 
q 'II q 

'jJ 
Q.J Q.J ~ 

~flfJ£YlJ Nft~G}fa A. paragallillarum 

~ oj} w ~ ~ 0<::\ ,,J ~ 
tll'jfffllJlf)1'j~U1HYUU~'lJU~1JllfJlJf)lHlJfl'Yl~fta1J~lfJl1'i HI ~HH~a A. paragallinarum 'Yl-:J 3 

~ ~ • I 

Cif i 'j llfl ~ ft~ ~ a cjlu fln ftfllJ lfl r -:JU ~Ul1 Cifi'llfl1lJfllJ 1 u tl ~ lJ Vi 1 ~~ 1~1Ufll'j n'j :;;~lJfliJf1'lJfltllllnlf1Clf'U
<u q q q 'II q 

~~U~ltJ'Vll~nl'~ f1'lihuuuuEtla,n~~ufliJf1'llntl~v9f i 'j 11 f A ~ ftllln()~'jl1)~U 1~'j l~l~l~~U~ 2 ff,j~lM
'II <u " 

Q.J 0 Q.J c1 ~ 0 ~ w J d w a' 'j/ c!l- & ~ w ~ , 'j/ 

lHn 'Vl11f1 C}f'U fI 'j -:J U'j fl U~~fllJ fill flU EtlU"ff ~ "ffflll 4 ~'JJ ~ 111 Ufll '0 ~ ~~ ~~ 9f ~"ffUlIfl Cl a ~ flU fl11fffllJ lflau l1 hi 1 
<u" ... q 

EtlU"l Yamaguchi etal., (1988) lU'lJru~~'J~i1JfJiJ~lJtlu~a9fl'jl1f C 'Ufl~lJ~ 1 ~fl~'i11l111Ji'lnil 
d a'.,d Q.I a' Q.I 0 W d ~ .9 G lI] c1 Q.I QI ~ I 'JI .x 
C)1i'Jll'.i A 'Yl 4 bY,j1l11111~~'Vlllf1C)1Ufl'j~U'jfl9f':Ul1U ~tJlh1'Yll~l~tJlflUflUfll'JfffllJ1fltlUl1'UllJ (Sun et aI., 

2007) ~-:Jni1J'U'jUU'UUEtlu-:J'.i~i1JfliJf1'lJntJ~6;icjllf B l'Utl~lJ~ 1 ~t) i~ll~'.il'O~U~ 4 fftJfll..tl1rr~nl'.i 
<u <u q q 

~ =~ <v ~ o~ Q.I J d '" a' 'jI.eQ .., """~ QI d <I ~ 
fl'.i:;;~hlfl'1JfllJtlUfl'j"lU'jfl flllfl1JflUEtlU"ff~!;1'~116 Ull~ll1Uftdiij'H'lll~.:J 'j~~1JfI'lJflllflUEtleJ"l'1fi'.i11'i B 'U~~1 

" <u q <u q <u q cu q 

1.:1)' cI Gl I d <:. QI c:.'JI '" 4 ~ 
f111C)f ~ 111'.i A U~~ C !Ul'Jf1G)fl-:J!1Cll (Yamaguchi et aI., 1991) !lltl~1)l'HU1'j:;;~U1JllfJlJfl1.J!lJiWl'.i 1 ~ ~ ltl 

C>d I .,d .9 lI] 'JIQI ,,- """ 'j/ QI.:1 J d.:1 d 1 <IQ.J' 

lb HI 6ijB~tlfllJ'Yl 2, 3 u,,~ 4 C)1.:J !1l'j'Uf)1'.if)'J~~:Ufl1J'fllJn'U'Uln1f1C)1Ul~tl~ltJ'Vll~'.ilHa"l9f !'j11'.i A, B U~~ C 
II II .. q 

~11J~1~'U 'W1Jill,y~~'Jlfll'jUlfl~~lt't11~~ij;1'jl1flJlnnil 70% U"~'.i~ilJ'~t~eJf1f~fl~l 1:5 l'U.. 
• ". iI 

ffU~lMVi 4 vll111'fllllfll'.iW'~illflqnH;eJfl1[rfil~1 tJlJ la~!11 ~ lU~U'j~ff'Vl1ifll~ll.Jfll'jf):i~~\JftihilJtl'U
.. .. q 

_31 QI """.K 1 1 QI" ~ ~ 
UCl:;;bYllJ1'.i ()1J a~f1'Wfl1'.i~~l~a~a ! 'Jfl111~111.J11J11J !~ 
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