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Immunological relationships of FMD vaccine strain and Asial
field isolate from East Asia
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Abstract : Foot-and-mouth disease (FMD) is the most contagious disease of mammals. The use of
inactivated vaccine can be chosen to prevent or control FMD. However, vaccination against one serotype
of FMDV doses not cross-protect against other serotypes and may not protect fully against some strains
of the same serotype. Appropriate selection of vaccine strain is an important element in the control of FMD.
The immunity of vaccine antigens should be matched against newly circulating viruses. The phylogenetic
analysis of serotype Asial reported from China, Mongolia, North Korea and Russia since 2005 shows that
they are all classified into genetic group V, but the strain, Asial/Shamir (ISR/89) which have been used
as a vaccine strain in Korea, is clustered into different genetic group. So, in this study the serological
relationship between the isolate (Asial/MOG/05; MOG) and the Shamir strain was determined by ELISA
and virus neutralization test. Even though the matching value of the virus (MOQG) against the vaccinated
sera in target animals was not so high, the vaccinated animals elicited antibodies enough for protection
after vaccinated once or twice. Conclusively, we suggest that the vaccine containing Asial/Shamir antigen
could protect the genetic group V strains circulating in East Asia currently if vaccinated twice or the more.
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gt dlE S0l B, T, Aok 5 Foprol A
S oHEE 5 A dedol Sels
o] #74& k= & WY Sl8) L Aol Fste]
ANAHEE AA S Yot [15]. 2 AWl o 7 HAT =
DAY= BRoA A A F453] dvke= vl
ol 54& st AdE sERFH HHEE]
HolE] 2 & Fol7] Slste] WX e} S 15 W
AHEE 2 Sdot 5] 19801 o] & o] MalE
T 43 OlT Hlﬁl@f?_i HAHEES 79 she 3%
o7 vtk 53] 20019 F=e] A DAL W
AHETE A=A B el daste] Aol o
AR B2 o] FES ARSI AAHoE WA
Aol et Zhik =go] o]ojA 9*13} 1w Al
AE F 2 5ES AR 2w Mﬂ A= Al
Ak gl tiek 52l shteltt [14).

A fIsiA WalFe] AE 8 2 G (potency)
& 23k 71—3— sasteh [19]. 7A% % 5l @
% 1 HEe ok 2Rl disl axpgel

2 Golet IXRE T A E

-

£ AZE Aol & T HelE vpole ol thalA g
Wol2 LehlA) 290k [13]. ZAR S 25e7) 9
4 7Pg Hgdoln W wek e BHE R v
A% HEE 5 ol az FAMFR Yot He
A& sk Aotk AT e 2 AP
st g3 A3y BAo g XA s)Xo] 715
3 A%E JPHoT nAZE & Uk Aol ok,
EZ—]EU }\}.Q_a—]—oi }\15‘—]]:]].9.0] =17} ] = AE ]7}

o] o Aele ©io] glom AAHoREE FERS
of W= ofg] A|¢fo] EAlete FAS 1HT o F
g qhek v ot} I3 S 3 Al o] Age
I=2 Uy AE AEA e 8-St ARdolth
[13]. Wb Yukzoz A wale] B8 FAHE
AFLe 17 EsH JYPsEE AP ofd & ol ¢l
t}. o3 s HHES Heksly] st 37 @%*E‘ffdk’l
old Tl HEE S AHsA Y et €4
A AP o= FA Y ulole] WG9} ok 37k
3AA zolE Y= 4 Yk [13].

TAG ] 7744 B F(0, A, Asial, C, SATI1, SAT2,
SAT3) & olxo} X HolA = A 2000391 PanAsia O
typee] A o] FAHAL, == 20009 2 2002
o o] EAF ) ozl WAEATE 2000 ll= FAS ¢+
AFE N0, A, Asial 37} BAHF)0] FE=HIALH,
o] FA|E= 03 WAIFE Olmanisa T7F AFRE L oF
ot WA FA A HAT [20]. T
Gl oA Moz A= 5 e G AE |
g FHE g dAPA =Yste] w2 AJZE ol 2

AL FEAIZ 4= AT [18]. 28] 22 2002300 A
o WA e W AR 58 st wAEEe 4
A=A 2%t [15, 18].

A2 Folrlol A M 20059 79| AsialH ]
TAG AT A &H o2 AsialFo] T FHF7)
WA g3 glom, Alx|o] 2007 dolE Eatol] Asial &
3ol oJgt FA| o] WAL, o] nHfe|H g 1A
St A3} Fashs vlolE 2 32§33 group VoIl &
3= Ao= (8, 17], 0F ©]9dlE o] Asiald Hlo]F
27} el °‘El<>1 Hold 2hAy g3l oisk AR o
H7F 23 Aoz Azt AASER77]HOIE)
oA FAF WA FuFaA AFHT UE Asial
Shamir= [7, 1512, $-2lUelsE &3 AlA o] 27}
ol A Aol thu]Ele] FHE I e AsialF O 2=
gk WAl wpo]g]Fpoltt, HE fEuer FHAE
F 5 SoMAlotelA] WAE AL Q= o] upolg 2l of
slo] HAH3) Wold 5= e 7S Dolres AL
Wl ulg- Fasith BE B el EAH S

E3te] Sotalo} wAY wlo]E 2 5398 group V7F Asial
Shamir WA415=2] Woi7} 7158 Zlolghs ¢ &3t [8], ©]
O ] Al W A9} of Q] F=7kel| W A *oh%*é
(rhel ¥lag vithes gHFd A dEA oy
[7], A8 TEolA e HATHHRI FAEE 25 S

E3le] 3R o7 BA3 A= A7k gok

A B =RollAs TAIY Asial W2l 39S 4
A % BHe=d HE F @AM A A A
FE& Fate] A2 sk Asiald Y okl ke
HUAE Gotr i A BAYA] ofe] W gl et
SEAR A E 93l ShamirT-e] A o] & A W
o7k clSstal A4S AAlsi.
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A O, A & Asial EHFol| thgt 371 283} o
Al g1 (> 10 PDs,, 50% protective dose; Merial, UK)=
Ak%}@'u} oﬁﬂ Hlo]g 2 FE Ol Manisa, A¥ 2 A22
Iraq ¥ Asial®@-2 Shamir F4 02 ARSI, B8s)
A= o]F E?:li E3tElo] A= Ao E FEI
RS El=l

phe-2o HES OF 9 STE & HEFE 15, 1
10, 1/20, 1/40, 1/80 doses® A<} WAl 3l-g 25 7H
7o 2 23] JFIAL 1A} HF AP ZRE 4550
iﬂ@ﬂ‘ﬂ 7+ Aol whEh Ao G7HE A ST
7IUge FEo uet t2A 7 £ I3=E 1 dose
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Table 1. Comparison of immune resopnses between FMDYV Asial serotypes in guinea pigs and goats vaccinated with
trivalent vaccine antigen

Antibody titers (log)

Animals No. Routes Dose VNT' TPBE’ TPBE SPCE! coefficient  rl by
animal (volume) , (r) ELISA
(MOG)'  (MOG)  (Shamir) (MOG)
Guinea pig  No.l S.C 1 (2 mL) 2.04 N/AS N/A 1.00
(Shamir)  No.2 S.C 1 (2 mL) 2.65 N/A N/A 2.20
No.3 LP 1 (2 mL) 2.36 N/A N/A 1.90 0.92
No.4 LP 1 (2 mL) 2.65 N/A N/A 2.81 betweenVN N/A
No.5 LP 1 (2 mL) 2.65 N/A N/A 3.11 and SPCE
No.6 - - <1.20 N/A N/A <1.20
No.7 - - <1.20 N/A N/A <1.20
Goats No.1 M 1 (2 mL) 2.71 2.26 1.65 N.D/
(Shamir)  No.2 LM 1 (2 mL) 2.41 1.95 1.65 N.D
No.3 M 1 (2 mL) 2.11 2.56 1.95 N.D 0.89
No.4 LM 1 (2mL) 271 2.86 1.95 Np  etween 1.0
LPBEs
No.5 - - <1.20 <1.20 <1.20 N.D
No.6 - - <1.20 <1.20 <1.20 N.D

*VNT: virus neutralization test. "TLPBE: liquid-phase blocking ELISA. *SPCE: solid-phase competitive ELISA. N/A: not avail-
able. IN.D: not done. 'MOG: Asial/ MOG/05.

Table 2. Comparison of immune responses against FMDV Asial (Asial/MOG/05 or Asial/Shamir) strains in the sera
from vaccinated pigs and cattle

Antibody titers (log)

Species Vacci.nated No. Sera Injected round VNT TPRE TPRE rl by
Antigen (TCIDsy) ELISA
(MOG) (MOG) (Shamir)
Pigs Shamir No.1 2 2.41 3.06 3.01 >1.0
No.2 2 2.56 4.06 4.06
MOG No.1 1 @2x107) 2.11 2.56 1.51 N/AT
No.2 1 (2x107) 2.56 3.16 1.95
No.3 1 (2x107) 2.26 3.16 1.51
No.4 1 (2x107 2.56 3.16 1.65
Cattle” Shamir No.1 4 2.11 3.76 3.46 >1.0
No.2 4 1.51 3.76 3.76
No.3 2 3.01 3.76 3.46
No.4 5 1.51 3.46 3.16

*The corelation coefficient (r) between LPBE (MOG and Shamir) methods in the cattle is 0.82. "N/A: not available.
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Fig. 1. Immune responses in vaccinated mice according to variant dosage of trivalent (O, A and Asial) vaccine antigen.
The five mice per groups were bled at 2 weeks after 2nd booster vaccination by intramuscular route (0.4, 0.2, 0.1, 0.05
and 0.025 ml of vaccine volume). (A) The serotype-specific liquid-phase blocking (LPB) ELISAs (LPBE) for antibodies
of O serotype using O1 manisa, A serotype using A22Iraq and Asial serotype using Asial Shamir as a compared antigen
were used. (B) The comparison of antibody titers by virus neutralization test (VNT) using Asial/MOG/05 (MOG) and
LPBE using MOG or Asial Shamir according to variant dosage of trivalent (O, A and Asial) vaccine. The corelation
coefficient (r) between LPBE (MOG and Shamir) methods is 0.79.

gX|Z4&2 2l8t liuid-phase blocking (LPB)-ELISA

GAAES 913 ELISAZE OIECIA &3 31 [13]
O 2 o]gHe 23AYUEGLE A {7 IS SlEA
LPB-ELISA(LPBE, 9= 7419 AAEFAT40)E A}
g3tk Fhdo g2 ZENA AF== Ol manisa,
Asial Shamir(Shamir) 2 A22 TraqE ©|-&-3}% 2 (Fig. 1),
FolAlol X 9] AsialF o] o o Wl vl
ArE ElME T4 2005 HA S e
Asial F18 VE BFE 7Agule]g~MOG)E &
Zslutole] 2 318 ARS-SFITE. LPBE Wy -2 A5
= s skl aokskd, AR F flo A
=¥ LS overnight2 WHSAIZl EFES trapping &
A (rabbit anti-FMDV antibody)”} Z#]©]E°) overnight=
g ZEE Zgo]E9] 1A]7F ¥HS-3F 3 detector A
(guinea pig-anti-FMDV antibody)Z ¥H3-A]Z{t}. Conjugate
(rabbit anti-guinea pig-HRP)E 1417+ ¥H-&-A]7] 3L, ortho-
phenylenediamine® 10-15%%} 'A1ste] 492 nmol|l A &
FEE =H3Ah E well A WES Pl(percent
inhibition)= 100-(thZ F+= ZAAFE A 2] OD %}/ Control
buffer well®] OD S7F Ha%: x 100022 3133, Pl
7} 50 PRk 9= 24, PI7T 50 o] A= X
° 2 WG A7HARS flol dwE WS HE
sle] B3 FMME&S 283t AsialEHF ol A
T AAISE T WAIF=8) ofe)Feko] @A (rl) oF
outol g 2ol thek A S Al Alutol 2] 2ol e
Ao 7R 2HEsIATh ELISAYIA = 0.2 o]ghs
BAAG WAl 3 0.2-039% 28] HFoz woirt 7b
53, 0.4 o]do]H WAilo] ofe]Fof tate] Fi3
Wolgitt= AAIEES] 71ES A&kt [13, 19].

gNdEe I8t solid-phase competitive(SPC)-
ELISA(SPCE)

SPCE= Ko 5 [9]°] 7Hdgt #g & o] &3ttt o]
HPH-S trapping 2 detector 3 2 w2 P GEFE
AREshe o Z MOGE Rlugddo s AR

12]. AEWE-2 o3 2t oln] AYE
GEFEIA A FYS v AI SO 7 g,
HRP7} A%E 7AY dZ2dA9] &A=Z 1 A1
HES-A]7] 3L TMB(3,3'5,5-tetramethyl benzidine) substrate
2 I5R7 BAAA 450 nmollA] FFEE A ST
ARBH L dE well JA HEE PIZ FA 9 2H
PIgto] 50% ol/deld A, oldteld S =2 A3t

.

ot
=

Z3lA| 8 (virus neutralization test,
VNT)

PAo] Faled7) Fele A% VNTE 2 Folro}
3 FAGulol g2~ MOGE AHE-3FS T MOG 100
TCIDsp2} 7H €4, FAEH, 948% 55 A3
A &R 34t 14)7F F¢F WA ZITH BHK-21
AEZE 58 & 4877 04 7241 7F WhE- g & A3
H/d & I(cytopathic effect)ys 23S TE Asial/Shamir
2155 (Shamir)ell tlsle] E83} &9vHLPBE &9)S
FH3IA A vlelY 25 SRR R F uloly
FopA ol tigh vl AAE S glich A &
HEH (19190 wigl VNT r1& 0.3 Pk 7-$ walz)
5= 2ol 7} Qlo] Wzt otE ZoZ ¢&EH, 0.3
A}LO. 1]

> Sws] Wold ¢ sl MAFR A EH
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Fig. 2. Comparison of immune responses against FMDV Asial (Asial/ MOG and Asial/Shamir) strains in (A) goats and
(B) pigs vaccinated with inactivated Asial/MOG. Goats (n=4) and pigs (n =4) were bled from 3 to 7 days intervals until
35 days after vaccination. The samples over 50% percent inhibition (PI) in LPBE or SPCE were decided as a positive.

Test results in negative control (n=2) in VNT were < 16.

SHEN

FAEA12  GraphPad Prism(Ver 4.0; GraphPad
Software, USA)3} GraphPad Instat(Ver 3.05; GraphPad
Software, USA)E ©]&3te] JFNA & 257+
A ttests A BT

z 3

OFAOMe BHEH

TAS 3% &Y, A, Asial®)o| 3+ LPBE A
o] 23z A e HSFAIME O, A, Asial 35
5 ELISA dA9] A he-2 81 4= A th(Fig.
1A).

Asialol] th&k W4l REEA S 2] flste] WAl
dose M= why-2ol] HJFate] AHE S Fokro}
Aol {3 FAF<2l MOG vlolg =2 ZFIAHS
AT 739 w2 HF dose(1/80)l A = # A 1008] &
o FIHAIE Bl 2 W] A GUE fAEA
AN} Shamirdh-S ©]-&3 LPBIIXE H2 A o
7He 918 4= 91.0H, Shamir 2 MOG I 02 M=
Zlo] t=A AREE LPBE Wl oI E A4 (r
= 0_79)0] 0]0. 06 3lo]E} 2= glc}iq_(l:ig_ lB).

M= Ju=E T

24

7" o ga0iMel HSM E2Y

7o) fat e 540 13] JF § 275
S ARt 2 ks 24S 98 83 S
< A8 LPBEE 71H¥ @7 €] detecting antibody
2 AR EER 7UE g3 e Aol B7Fs st
SPCEES I8kt 71 A3} 22> MOG & AHE-8t

5] 2 SPCES}e] vlwolA =& 4344 (r=0.92
4 Ao, 13] FERNEE hHE =&
e #1918 4 AATK(Table 1).

4ol o] WA (Table 1) 250l 13] F=slo] 2
=43 AgzA e wlo]y s AMEE
VNT(MOG)Z LPBE(MOG)oIA A&HPH oA =}o] 7}
FRIEA] 233 (p>0.05), A= HolX] Lo t(r
=0.14), &o] th2A AH8-¥ VNTMMOG) % LPBE
(Shamir)$} LPBE(MOG) % LPBE(Shamir)®] H]Zt]4
7kl 2ol 7F A H A Hp <0.05). 2 FA L J7H=
LPBE A&olA Shamir2th 2318 MOG2He] whs-Ado]
q =2 &4 ¥4& ZYo 28y LPBE(MOG)S}
LPBE(Shamir)®] LPBE A @7kl A& FA8 (=
0.89yS 1T 4 UL WA} of]F=olo] A=
EUTHrl > 1.0, Table 1).

MOG #9& JES HaolA F33A 752 HE
S 4dFE PolgA AT AlRkele 3597 =
WA E X352 H, LPBE(Shamir)d & o4 =
Shamir ol that Woj @A 7F 7L HE ZE A
A E U tHFig. 2). SPCEMOG)e] AZAF A=
LPBEXET} W2 4AA e A7 A =], 7900+
RE RR A o g 7+ P = A THTable 2, Fig. 2).

N~

R

A W A0IMel HiSA 2N
SAeI ] FUE HEH 257 ) APu) 2

o7} ERlFEA] %o (p = 0.27), 2+ AFY 7+ H]
I VNT(MOG)9} LPBE(MOG), VNT(MOG)¢t LPBE
(Shamir) 2, LPBE(MOG) 2 LPBE(Shamir)¢h= A &¢]
A o] FAMI o] 1A THp > 0.05). T3 LPBE(MOG)
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2 LPBE(Shamir)?] A& o] FAFSH ##A-S LPBE
A BAE 7Pt Ak veke Ao ¢ %
Nom 23] HIFAFAE T 97k= 1,0008) oGS = uf
_'_ o ﬂxﬂ Zzo §Lo]~51- 2= olo;\q_ uu/\ m o]:Q,]_,_
FAs Ol%o}ofl EHXM dHol| et #2447} ELISA

7 FE@1> 1.0)9] BAAE T &

%0, o

MOG && &S 7HANA T8k 72 14%
T 4LEH o AT 457 AV-} sted 3597k4] W
A S FABII LM, Shamird S AFE-3F LPBEX
HollM= 14458 A7t &WEM f\lﬂs}&l 21354
Aol 25 wo] A7t P A = A THFig. 2). SPCE(MOG)
o] Aol M= LPBES} FAFSH 1447 A7} @
Elo] 219l BE R4 WoldAl 7t Fd = Ak
(Fig. 2).

axollA o] 7] Ay 7he] EAolM A AF
7k 2po] 7} Q1A H A tHp =0.001). VNT(MOG)$} LPBE
(MOG), VNT(MOG)$} LPBE(Shamir)y 23] x}o]
7} A2 Hp < 0.01), LPBE(MOG) 2 LPBE(Shamir)¢}
© AT Aol7b A FUL FAEE ERIHA
Tp>0.05, r=0.82). L5+ A J7t= vl-g- FABH
A o] =55 1T AR 29 AR
% LPBE Ag7ke] Fieh W] £l > 1.0y gl
g 4= IATHTable 2).
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238 WHo g FHEI = ¥ VNTY EPPY
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HAh 7F & 7ke] A o7t T ztolE Kol ofe]
o} WAl 371 $s] g 3 A oiE L &
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gk LPBES that &alle] w3412 1 At 9lof
/‘1 AR AE BTh o] WAle *F% stoi= H
Fradhs Asial Hlo]g]ol] thafe] mhe-2, 71U 3] 8l
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