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Strategy for Novel VVaccine and Antivirals Against
Foot-and-Mouth Disease

Jong-Hyeon Park®, Su-Mi Kim, Kwang-Nyeong Lee, Young-Joon Ko,
Hyang-Sim Lee and In-Soo Cho

Foreign Animal Disease Division, National Veterinary Research and Quarantine Service, Anyang, Korea

Foot-and-mouth disease (FMD) is a highly contagious, virally induced disease of cloven-hoofed animals. FMD-
affected countries have suffered from a serious economic impact due to their decreased participation in the international
livestock trade. Currently, disease control measures include inhibition of susceptible animal movement, slaughter of
infected and susceptible in-contact animals, disinfection, and vaccination with an inactivated whole virus antigen.
Researchers have attempted to develop new FMD vaccines to overcome the limitations of the current inactivated vaccine
as well as new antivirals to more rapidly induce a protective response. In this study, we discuss the most effective novel
FMD vaccines and antiviral strategies that are currently being studied. The vaccine research using subunits, synthetic
peptides, DNA, cytokine-enhanced DNA, recombinant empty capsids, chimeric viruses, genetically engineered
attenuated viruses, recombinant viral vectors, self-replicating DNA and transgenic plants expressing virus proteins is
part of a trend towards novel FMD vaccine development. The antiviral methods using RNA interference (RNA1),
RNAi-based recombinant adenoviruses and LP™ or 3DP inhibitors represent the current replication-inhibiting medicine
used to control FMD.

Key Words: Foot-and-mouth disease, Vaccine, Antivirals

St Itk FMDV+ Picornaviridae®] Aphthovirussrol <
M2 3, 0, A, C, Asial, SAT1, SAT2 % SAT39] 7714 4 ¥

o] Azttt (2).
A blo]# 2 (foot-and-mouth disease virus: FMDV) o] wlol| 27} FAE e o= HAFHA FAY
=3 wAR deld B2 blo]y sz, BE vlolgad BEo AZS 9¥sta AAdozn: Al &=

> rlo

fu

T Az mde] ¥oln 11 o)F § WE ATANst  wEe] gAHoR wAHE Sl AKoR A
FAAAT (1), FAGe BE 5% AW FIA @ BAL G5l Uelo] B & ek A Fke] £
7] A som P AvpHol A, Tl ¥ SAMHE JAT A =2 015 Aot
Fgo ol@ salsh BAMORE PP T Aol FAY WAL woleizo] AW A HE EHU
ot Q). =3 oA U 15 7 AdweR we] =R Bdsisie 19209 Fkel] whEolAaL o]
He 19409t SRR A eie] 7127 H v

Received: December 2, 2009/ Revised: December 4, 2009 M. 3} x]oﬂoﬂ \;]_OJ: g;‘gséo] = ;\] —rﬁ-ﬂ‘ﬂ 7]-03 1_‘:‘

*ggrcr?s);it?nfgczziz:g jc)zl?;ilyeon Park PhD, DVM. National Veterinary 85 e WARFE sEolA Hlolg Tt A &Aoo R
EZ?.Z:TC}I and Quarantine Service, 480 Anyang 6 dong, Anyang 430-757, EAEE e FAY 24E oA vhErh 7A4Y

Phone: +82-31-467-1719, Fax: +82-31-449-5882 S Aot WY A, AAE £ dUEE] 58

**;-Ilr?sall;fo?lirlgv};:etsﬁl;z:;]iqby internal fund from National Veterinary = ELHE t:?‘tﬂr ]HW]—X] A}B—QL H%Lﬂ— 13_111/\]_‘9__ EL%
Research and Quarantine Service in 2009. o] 9ste] 1~25F W Wojr) HEE ol §3}%



2 J-H Park, et al.

Q1 Wol7]= ShAINE ofe] Zhx] SHolA SHsjott  FA|Y A o] F AFF TOE EHFORTE EFY
= AIE AYar Qtk o] WAle A7 WHX|Eo] = ARREH AYAES kA Kake] Agitol] oA
ofaL, wiAle] fEr|tE grom, ofelox FAHe g Aol BTk (7).

grlo] Wol7} Aahy] witel thdst dAE 9 oo 1960 % A ZUJA1ZA 3 (bovine primary kidney cell)
o g+

o
FE selof sz olele ol Atk () EF F roller botle o1 3}e] o WD QL=
}_

ol& Atsl=d] Hl&o] HIRIL AFH Aol S AL ghlo] s glom o] HiAlS 1960LﬂEH 9
g AAMAEAZRE f2E 5 e 7Fedol o] M= FAsEE olF= AP HAT (7). FF F2H
T AFsieh wheba wWile] dAs] Fagk wrtAE Al FEjAlE (BHK-21)9F 22 AlZF7F s A
WA O] 52 A F2 dolrh HZ 20074 A7} 7Fs At (8). BHK-21 A|Eo|A 2] A< Hlo]
o] AT} o] WAl wlol | 2o] ol ofgh Abal 22 vt A elglon, 223k E FAIA F%
E FAGE ol gl vlolH AR TUFEE Zo] dnlnt aziridines, BEI (binary ethylene immine)ol] 2|3+ £33} A
Skl Zﬂo]xl T Oi‘:} @). olell gk it A A2 vHREA vlole o] B&3lr) bt o] Fo] A

Wl o] o8 7} wWAlo] obx XS sk 4= o)A FH) ). U:U]— A WAl
A7} %Zﬁf&r/}. =% DNA 71%0 %@82& AR I G 2

o milo e ekl wjxolA Wo] EAHH

HE Gyjste] Alxsh @S HddS el W s A = A =205 197009l double oilE ©]
dor AAdshs I vpolg 2 FAAE o] &3 - &ste] WX ESE L e Bt WAl ok
Ao WAle] e el thFet AlaHlS o &ate] A A EAEE WS WASIe] IPENTS 915 H]
AL Ut EA S subunit, F4 HEFO]E, DNA, 7% ¥ (NSP, non-structural protein)< A Ash= A
Aol E7ER1I-%7F DNA AL Az wpole 2 wiAl, b= S ZAX o MRS 5 WiviA = 4
Y wroles WA, A 22 opEst WAl A HA e HlgE dild FAIE v R Sk ELISAC]
upolg 2~ e WAl Bl PAAS AEe A WA & osto] FHEXIde] Thsskal (10), AW diE 9%
HE2A AREE = HdEfoltt (5). Hgh ofol] Fraom ul G oA, o] & AAek=dl Fhol HKaL A
AHEA A g7t »er] A7 ARgol 7hedt HlolEAE vEY] wiiel st wol lvk (1)
& lolgzAle] AT A Foll Ak # =2 9 BAANA v HE = ARkE WA 3 PDyy (50%
of Aud AM=E 7IEell ogh WA B & upole] protective dose)] H7HE AUaL glow, Aol Hlol

7 ke

A9 G el Aotel A4 Yo, B3

1_]_ T A\ - 1
of sfjof %‘ 2ol disto] s wat gk ol el dFS AYaL 3t} (3). Table 12 L 3 X5+
wale) 54 st glom, g Wale] A
SR Ao ThY B 47170 9 vhekd ool FAPel Hgshes Hukw
3}

T-A9L Loeffler®} Froschell o8k 1897\ 3¢ A

=
< doy|e dAAel diste] Ae AEHAL, TAY MEZ FHF Ao Jie Set

Y-S 1947] D7 BYA vlelE s wE2AIA §

ol W9S doy)= WS o833t (6). Vallee & Ak el 212 Bgst Wale] gAE ol U
o] 1926139 A5 formaldehyde (FA)E A wiolej~gE  widlo]ojof gt Aot} = 74|92 dH o] BY] wiE
E3slste] WAS WEE AFE A ST 193790 o o8 A i P Aol s W § oo
Waldmann 5-©] FAZ E23lslo] Al(OH)-gelot &3t A4 9l=% sk A T4838ith T3l dubdog 14
TAS WS AREE = AT (7). 1947 Frenkel> 9 WlAlo] 670€ o2 WA 7]3te] g E| o] glo
5 obAl Zeb Aol nlolel~E HEete] vidkst BE A hH e 23] HFshs Wil R sdto] H
= S skl o A g o] &H AT eyt ofoF & Hlojrk HEZE &3 wMAle] AR Ak



Strategy for Novel Vaccine and Antivirals Against FMD 3
Table 1. Characteristics of various FMD vaccine types (5, 25)
Conventional Emergency Viral subunits and DNA vaccines and Bio-engineered
inactivated vaccines synthetic peptides recombinant viral attenuated virus
vaccines vectors
Immunogenicity High High Limited Potentially high High
Thermal stability Low Low High High (DNA), Not studied
Low (Viral vectors)
Safety in production Limited Limited High Not studied Not studied
Duration of immunity Limited Improved Not studied Not studied Not studied
Spectrum of protection Limited Improved Not studied Not studied Not studied
Differentiation of infection Limited Limited Good Good Potentially Good
and vaccination
Drawbacks Dangerousto ~ Dangerousto  Limited numbers Limited numbers of Reversion to
produce produce of epitopes epitopes in case of VP1  virulence

o) AAIEE ZEA] ofar ARk WAIA oA = Ak
°] 7FssloF Tt Subunit MAIORAM F& WMAUAYE
zhe Wi, fieto]=, DNA #2l, HE] Wl Fo] A+
H3L et oA 7] @A AREE AL gl w2E) WAl
I AZREE WAl A a gl

TR o= 4 HolR{A i B

A s ) e S8 ) we
AT} Fase] gk emaE ML ARe] A
ARl 2ol s EMOH A Aol
SlolA ARA o zw AFHAG (1), Tei} =3} 7]
e olsh g APHOR 5] ofelfln Yolk
Sk gesigons Asow ofRalE 91a wa
el vighgo] Heith oFEs Hhole sl A4
sfal SFAZA A% A wH e A%se] Fout

ofEdo] g or v WeE= 27 F4 (reversion)
wj &0l A AFsk#] 3ot (13).
2 cONA R EE Hio|2 A & HE

7FA DNA 7|29 Zd3} 7l wlolg s 7%
fradstel tigh ArAste] H4e ALY Bt ohy
2 FEA Sold Wl gk wAF Aol S ol
4= A HATk Figure 1S A9 ulo]g]~e] A H-4
X}% E'_Oq—ri MOU% = HYA H/Hoﬂ =93} H}

olgix AL polyprotein & 7HF Ao Y5+ L

F

ojth. L™= SFAlaEe] WA A} 2421 elFAGE 2t
W32, interferon-p (IFN-B) mRNAS] A} kS
(14). L7} 2<% Al12 Blo]gl2 (AI-LLV2)E B YA
o] ¢kst¥Qlar, o] upol e A9t A= A7t
w2 gokom FEAQl ol WS Fi=dTt (15).
TEY AIZLLV2E 583} A2ste] bRk Wolrt
EH AT (16).

TAS vlolel~ A12E A AlEelA VPl H-9] GH
1oop°ﬂ F23}= RGD motif regione A AA 7| A3
H vlo]BaE REE § o]ZlE Ao} HiAol e} 25
AT A, A780] dojd vho]e] =9 capsidell g
A7 Aol SAHAT (17). ol g #WAlo] dwk
M o A2 HAl AlEe] DNAE Hol 224
SFAHE Yol RNAE F4J35al RNA replication®l] 2]
3 Al Ams B F Uthes A B8k vtoje] s
capsid7F A 7] wiell 1 el ojgk WeRke-&
FEAI A glvhks Alelrh (17). =3 RGD 84 A%
F-97F AEE Az vlolg el ofajA Wojrt &
AN o2 A FEA oste] oAl AdE 4 Q)
of WAl ARg37]ell Al gHAIZE AATE (18).
H A vrolel o] WA i B AT EA R
= WAES flsto] Al mfele o] HAl FHat
ﬁfwé}o:] T2 0, A E Asial HFo) st 7
cDNAE 2Hdsh= dS ®ol FxI8t] St} (19~21).
o] FE& o]gste] 0Fell 3' NCR H-itol
&sto] ofsslels AS Alwsh] e shlan, AY
to] A5 FAAE ASlste]l 1 HAdS gelst

MN

g

o

i bEoox mlm y

o ®e

ol

2



4 J-H Park, et al.
P1 P3
[ P2 [
[ |
2A 3Byn3
5'UTR J'UTR
__IRES | P ypg| wvp2| vP3 | vP1|| 2B 2C 3A 3cP™ 30" I
Poly (C) Poly (A
® B A A A0 a A AA A oly )
A A
e L@ B Unknown
A 3C" p2aA

Figure 1. Schematic diagram of foot-and-mouth disease virus-genome (25). The symbols below the protein-encoding regions identify

the proteases responsible for cleavage of the viral polyprotein.
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