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Foot-and-mouth disease (FMD) is a highly contagious disease of mammals and has a great poten-
tial for causing severe economic loss in susceptible cloven-hoofed animals, such as cattle, pigs,
sheep, goats and buffalo. FMDYV, a member of the Aphthovirus genus in the Picornaviridae family,
is a non-enveloped icosahedral virus that contains a positive sense RNA of about 8.2 kb in size.
The genome carries one open reading frame consisting of 3 regions: capsid protein coding region
P1, replication related protein coding region P2, and RNA-dependent RNA polymerase coding
region P3. FMDYV infects pharynx epithelial cell in the respiratory tract and viral replication is
active in lung epithelial cell. Morbidity is extremely high. A FMD outbreak in Korea in 2002
caused severe economic loss. Although intense research is undergoing to develop appropriate drugs
to treat FMDYV infection, there is no specific therapeutic for controlling FMDYV infection. Moreover,
there is an increasing demand for the development of vaccine strategies against FMDYV infection
in many countries. In this report, more effective prevention strategies against FMDV infection were

reviewed.
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The Genome Structure and Function of FMDV. FMDV
+= Family Picornaviridae®] Genus Aphthovirusell 4-38l=single
strand positive RNA virus2 Hlo]z]2 ¢Jzte] ZAL oF 21-
25nm&! nonenveloped capsid virus®|t}. FMDVE genome %
VP19 coding region sequence®] wel 7 7Ex]€] serotype(O,
A, C, SATI, SAT2, SAT3, Asia )& AW, 80c]F<]
subtype® HFET}EY VP1°] host cell infectivity B 2o w2
+= host rangeE ZA3= capsid proteing SUe]EE 1§37
A Aol we} serotypeo] A7t

FMDV+ % 82Kbolw, 100bp2] poly A<} 233271 <]

P1

codon®. 2 FAEO] O™ genome 17]2] open reading
frame(ORF)2. 2 o] Fo]x] th. ORF= TA4E 3271
transcription, translation g2 A* polypeptideS 34d st
(Fig. 1). 5" end®] 1200bp2] UTR(untranslated region)©] A}
3FaL Fo]o] protease L, capsid protein coding region$! Pl
(1A, 1B, 1C, 1D)3} replication &% protein coding region?]
P2, P3 28]l 3' end®] UTR So& FAxo] drh Fgh
VPgeh= 2R protein©] 5' endoll €] 3L 2 AoJ= serotype
vt} 254 YZ2rt} viral ORFE encodingl= Polyproteine
AM|7FA] viral proteases(Lpro, 2A, and 3Cpro)°l| 2|3} cleavage
Hp?

FMDV protease L2 X% translation Z7|TAIA  virusol]
2% celllA host cellular protein 343<] shut offl] Fedsh
T} 29

P12 FMDVY] capsid protein® 24 RNA genomes: X &3}
37, cellular receptor®] <128 &3 host ranges 2R3t 1
2]3L antigenicityS A ¥-5PH, viral genome®] packaging®l]
oJ3it}, o]2)gt VPI-VP4e] °F 60 copy’} 25l icosahedral
capsids F/dsM Eo}. P12 early stageS A protease Lol
o5 VPI-VP4Z cleavage’} Aottt} ©]E 3k VPI, VP2,
VP3E &R Ewo] 9L, VP42 79 capsid ol &3]
o] FHFoIA = Holx] ed=dl, VP4sH VP2e] ARl
VPO cis-cleavage activityoll 2]3l VP29} VP4AZ LpF| o)A A|
H}? o]=F VPIL intermolecular disulfide bond® HAH
dimer241¥ o]%- 7|=stA 2 FMD 258} aollA w9
L35k FHolt}. o 24, VP12 amino acid residues 141-160
I} 200-2132 host organismell4] B cell epitopeS 2 28351,
141-160 B3 21402 T cell epitope 24| 28-S )10
A VPIWo| amino acid G& H Alo]2] B-sheett-ZZ ¥
loop7} EA8k=dl ©]# gt loops G-H loope} S o] G-H
loopHlofli= Arg-Gly-Asp(RGD motif) sequence 7} EAJ&FH ")
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Fig. 1. The genome structure of FMDV.
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Table 1. Functions of FMDV non-structural proteins

Protein

Functions

Reference

L Host protein synthesis shut-off
Protease cleavage

(12-14]

2A Polypeptide cleavage

(13, 14]

2B

Alteration of membrane permeability inhibition of cellular exocytosis
Dissociation/rearrangement of ER and Golgi

(15]

Formation of vesicles
NTPase
2C Virus encapsidation

RNA binding in RNA replication

Direct replication complexes to cell membrane

(16, 17]

Inhibition of MHC class | expression
Association with intracellular membranes

3A Inhibition of intracellular membrane transport
Inhibition of cellular protein secretion

Virus interaction with host cells and host range

[18-20]

Primer for RNA synthesis
3B Stimulation of 3Dpol
Stimulation of 3CD auto cleavage

(21]

Viral protein processing

Host protein cleavage

Host protein synthesis shutoff
Transcription inhibition

RNA binding in RNA replication
Stimulation of VPg uridylylation

[22-25]

VPg uridylylation
RNA-dependent RNA polymerase
Stimulation of RNA synthesis
RNA binding

3D

(24, 26-28]

o]2)3 RGD motife host cell®] ECM(extra cellular matrix)
o EA)8l= integrin family®} 7+0] RGD binding motif/} &
AsAY 2L acidic materialsol] A3k 2] E20o] 433
o] virus®| infection®] attachment site”’} ¥ T} ©]# 3 G-H
loope] RGD binding sitesi= genetic engineeringS 5313
FMDV infected organism®] oWz} X]gol @o] o]&=51 Qo).

P2 regione 2A, 2B, 2CZE cleavage’} doju=dl, 2A
region 187]¢] amino acidZ ©]Fo]%Inon-functional region®]
™ 2A9] C terminal®llA] “ribosome skip™l| 2J3}l non-proteolytic
HF4& Tt ZHAGEY SFH 2C regione  helicase
domain©] £AJ3}e] viral RNA synthesis ©] =22 FU}
Polypeptide 2C%} precursor 2BCE cell membranes} |7,
vesicle proliferationS =3+,

P3 regionS 3A, 3B, 3C, 3DE FAEo] 3loH, 3ABE
VPge] ArAZ €A Stk VPgE genome] 591 x5
RNA replication®]] )14 primer2# 52 nucleaseZH 9] 7]
TS 3ot 4 A ok 3C region, =, protease 3CE A
%< ¥ ZA3 host cellular translation®] shut-offl] #edd}71=
SRR, trans-cleavage activity B3+ 7EX]3L Q)o, PI regionS
VPO, VP1, VP2& o= o8 gl 7]} viral protein®]
cleavageol| #d3}=dl, L cleavage 4= VP3-VPI, VPO-
VP3, VPI-2A, 2C-3A, 2B-2CE ¥eA o] A=t protease L
I P22] 2A region®llA] ribosome skip regionS- A|2]$t tlF-E

9] viral protein @Adoll ToJditt, LPHR] P3 region?] 3De
RNA polymerase coding region®Z#] viral RNA genome<
FHPOE cRNA 9 viral RNAS k= a4xelth 3DV
AA] VP1 F-52AE potentdt T cell epitopes 7FAAL AT

Table 1> FMDV non-structural protein®] 7]l thsl] L.oF
3 F2 Zlo|th

Pathogenesis. FMDV = respiratory tract®] pharynx epithelial
celts 53l infection®lt}. Virus®] replications> upper respiratory
tract®] epithelial cell lungollA] Aoy, E3] lung?]
respiratory  bronchiolar  epithelium ~cellolA] o] FT} 67
Stratified squamous epithelial celllA] viral amplification®] =
A e initial viraemia site7} ®Th. 919} 71 o)A
infectiondt FMDV+= respiratory tract®] lumen® 2 release ¥
o] T8 53] thA] excretion®] H7]% S}, bloodstream
% lymph node 5% ‘&3t ThE AR HAA Ho] IS
Jo i,

AE YW O Z aerosolized virusell 2J3] respiratory routeS
B3l AFEnh g v Hute] AAE Fsld 2d 2
o} mjg- e &7 7FEr. FMDVE semen, urine?t
feces WHF o} SHFEE HiEEY, FoAE - 3 B
He A osive e ¢ vk A7 64 Frolth

HAe 2EE A4S HAY, 29E FER A J5sHA
L, FMDVel| 2 525 719 3lA 71992 W FMDV
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of =, aerosolZe= AH WA =t FES virus
9] 43} infection routed] o]E3=d], HE 10¥ F=olt}

o]Z2A] FMDVe] ZA¥d FE5& BE foot, mouth, -+ %
9] epithelial cellell A lesion®] #HZE™, breath, saliva, urine,
milkSolA virusE 2] A1 < =], ol2@ lesion®] F4
£ swollen and spherical cell®] lysis®} Zz0] wWE intracellular
fluid®] releasing® & <13+ =387} intercellular edemadl] 7]
AL g I, A8, "y T FAE o] e
B I Ak oY 7iEelMe AUl 50%e1H A Follke
mEjsht, 2 s A9 ToE 1 HAF A7l A9t
ool 7] wiize] AA1A Falle AR oPdelet & 4 Atk

Host Immune Responses. FMDVel| 7 ¥ FEdA=
humoral-specific response’} YEPF S ZM reinfectiond] thet &
Z221 protections & 4~ Ytk FMDel| tgh protection
high level®] neutralizing antibodyell <J3] F=%H, ol e}
Virus€] phagocytosis, antibody complexes, viral opsonisation
712l 9J3l virus7} clearance® TE'? Neutralizing antibody=
viral capsidll A3} B-cell epitopext A7} AL, o=
FMDVell 2= AY diel ol vepdrt. =AY o
H 3 349 IgMo] AT, F2 neutralizing antibody2]
IgGE post-immunization 25 Fol] AAET, Lukzo gz 1gGl
& [gG2Rt} ¥ & responseE LERW T} Infection®] Ak
vaccination®l & Z7]9ll= antibody response”} upper respiratory
9} gastrointestinal tracto|4] YEPATE. FMDVel| ZHadd F&E
Z] innate immune responsex= protection®l] 7]3}aL, ©]E T
&) responseE S73A1Z 4= = vaccination strategyE 7Nt
=

Cellular-specific T-cell response 9G] ZFHE AL o H=S
o Yebdch &9k =X o], B-cell activationZ} antibody
production> FZ T cell(t]F-H-2 CD4+)ell <3l yeltA €
. T helper celkl> = capsid®} non-structural proteing 1
A&, o] FMDVel tigt protective immunity®} antiviral
antibody®] production®] & 23}t}. FMDV infection®l] <] 3}
MHC class 1 & @&3= susceptible cell> 745 a2, 1
A3 FMDV-infected celloll €]} vial peptides®] presentation
o] HA| &1, hoste] CTL responseZF-E] virus escapes &
olatA siAl ek

Infection Cycle. FMDV infection cycle®] overall scheme
HH T3} 7tk vlo]#]29] attachmenti= receptor specific
attachment=A4] ©] gl Fa3F &S sk o] VPI
G-H loopHl©l &AI3}= RGD sequence®]t}. ©]23t RGD
sequence®] host cellular receptorZA] LEHF AL avps,
avBl, avp3el integrin?} highly acidic materials®] HS(heparan
sulfate) 5] ATE'” Receptorell attachment® FMDVi= receptor-
mediate endocytosisg E3F] MEZ ol endosomes FA S
. Endosome WF-2¢] pH7} "ol w2} viral capsid protein
Sl VP47} uncoating F37, Z12{3F conformational change

= viral genomeS cytosol|Z release H =5 F=3t)

fr ofy &

Viral genome< cytosolt] 94|  cap-independent translation
mechanism®l] W2} translation®] 7AIEZL 1 F A7} 3D

RNA-dependent DNA polymerase(RARP)l J3l] replication®]
o] negative strandE /A F SERUO]A] RIC(replication
intermediated complex)eh= @9 F7HAE AR replication®]
Ht} o]F viral genome< translation products] structural
protein®] packaging®]©] host cell lysisS LA release™ o]
A4 JE virusE ARSI

FMDV7} A3 ZHE & A7) w749 A2agS 4
Hrw o 2ok gEE AFEE 12417 7AE host
cellular protein®] FAdFo] ZAdT}h T3F 25347 A=
viral protein®] /o] AlZEW, MHC class 19] &3 -&9]
70%E 23l 749 5 4-6A17k0] A viral capsidZ}
assembly=", MHC class [¢] @&&°] 53%= At 1
T cell9] lysisZ <18 viral progeny’t WEE T 10~12A17+
A3 T 8], dEol vesicleo] FAET, 20~244] 7ol =
viraemia7} oy dol W] Azt 7§ 1-2¢Yo] A
WA virus7} bloodstream®© 2 07} thE ZZA o2 HAA |
th 2~8do]l AU §, Sl 7, E TolA secondary
vesicleo] FAEM ool mE IS LoFIth? Virus?
HiES dEdel Loyl oF 24417k Aol A Asle] U7k
A&k AEES] aerosolll= B2 vlo]E 27t gtEo] Q)
om 53] H|9] 9= LHTE oF 1,0008] HEo] Hiol# X
£ U ol viEdth. fFoEE B2 o] nlolgjXrt wiE
Hr} o]F7] we] TAFTES] aerosoldt frFo]l G o=
S8AIEAL T

Diagnosis. FMDe]l 93] Ueht= 541 34 Uzl 5ol
a2 A YR s EAde] Aelier HEE o glok Al
o}, =t 4] FMDV e ¢
ZHA] diagnosise ZHE FES FES] Sd AREET, CvF
FAR JE F75 dlsket ARSETE gk SlET]00 =
FES virus®] SRR AREE ¢ glom, WOl A= A
o] 2ol & 4 7] wiEo| Zasi

DiagnosisE 3F= Wil A F 7AW, = ELISAS}H
RT-PCR #e] dg] ARS-¥t}h ELISA W9 7% 552
AFALE HET FES P S8 AMEEd=,
epithelial tissue suspension® Sl specific FMDV antigen<
AEsi=dl ARETE? 2719= FMDel| theh serum screening
< $I3F virus neutralization test(VNT)°] dz] AREE|S(LE o]
= B2 Age] g HT, Wol gledl e ZoE e
73971 Both o] VNTE Hetsl7] I8 7122 liquid phase
blocking ELISA(LPB-ELISA)Y= H]ZJ3}% antigen®] ThYsh
stabilityS} o2 e specificity?] A1l AT o]
3k BAIES F8317] 98 solid-phase competitive ELISA
(SPc-ELISA)7}F /W= o™ ® ZZ mass screeninge 9|3t
solid-phase blocking ELISA WHo] 7|d= 3]t}

RTPCRYW 2 vius S HEdt=dl AREH =,
sensitivity?} specificity’} =tH= £7¢] Ath? 121} FMDV
9] serotypings 913 B =S o Z 3P7lo A2 WY
?l, Multiplex PCRe| /W=, o= AFAQA &y =,
A AR A oz & & Q7| de] ARl Uk

FMDVE F2 7155 A7l Adde] mig- &S virus




A Wl

ZIek, oAl i 305

Table 2. FMDV antigenic domains and its DNA vaccine efficacies

Immunogens Immune Response (IR) References
TH 1 type IR :
VP1 (21-40) T cell epitope [45, 46]
VP1 (141-160 including RGD) B, T cell epitope [45, 47, 48]
Sg-:(::tteli;al P1 VP1 (200-213) B, T cell epitope [10]
VP2 (31,70-73,75,77 in type O) T cell epitope [44]
VP3 (58 in type Q) T cell epitope [44]
VP4 (20-34 as synthetic peptide) T cell epitope [49]
Non- 2B, 3D TH2 type and TH 1 type IR : T eell epitope (50, 51]
structural '
Pt 3C TH2 type IR (P1-3C): : Not reported (52, 53]

o7] wi@ol B A S4HE ¥ar vk wEx FMDe o
g X5 g 2 dpdel A3 A7t 2 JAREEey AlSSiA
s] JY=|aL o, o wet oy SHedxe] ek A
gol N, BAlEo] Tk © sectionof A= oW A
pathogenesis®} genome structure®] ©|3E BIEFSZ Ez| B
¥l UheFSh therapeutic protection strategiesE DNA vaccine,
Edible vaccine ¥} 7|E} Th& A 502 Yo 1z sjH L
A} g},

Current FMD Vaccine. vaccineS FMD2] controloll d2] A}
SHt) dA AFE-EE vaccineS inactivated vaccined} live
attenuated vaccine®] $It}. 1 % inactivated vaccine semi-
purified®l whole virusE ©]-&38f THE Aot} FMDV type
‘O’ virusE formaldehydet} binaryethyleneimine(BEI)=. inactivation
AlZ1 aluminum hydroxide gel®]1} adjuvant?] mineral oil®l]
o] & &, inactivated vaccine2 %l vaccinationS 3FSIT).
21 A3} neutralizing antibody response’} A4AdHo] RIS}
Inactivated vaccine® Ao oS I3 B2l oA,
o|E Aiksl=t gho] WAL fIfsire dile] ok

Live attenuated vaccine The} 72+ WROE A=)
FMDV type A12E total viral genome?l|A] VP1 region®] G-
H loop®ll &A1= RGD motif coding regions | AAIZ|3L ©]
genomeS plasmid vectord] Y1 @HE9] F3lE 9 CMV
early gene promoterS AR5} recombinant pWRMHX vaccine
S VR % o]ZS A9} X intradermal(i.d.), intramuscular
(im.) route® inoculation A1 Az}, 7H¢/do] Aojdl nloleix
9] capsidol] tHgh antibody”} AJ/dEo] FRIFATE? o]zt
vaccine®] YWt vaccine?} T2 2 total viral genome?]
cDNAS Ho] FOo2HM SFAHE ol RNAS A6t
RNA replicationol] 2]al] Al&3iA genomeS AS F AUth=
A3} B viral capsid AHA7F A E7] wljiEel] Wk
R e N A ] 1=

DNA Vaccines. 4] H37¥ FMDVel| tigh oy EL b

b

11](e3
o 7

o] DNA vaccines ©l-8sld HHsE 52 5= A
A& frieshes A=ks ©lekal Atk = DNA vaccine &
F5 =9 immune responseE Y27 4 U= antigen coding
DNAE ©|-83l virus 2ol tigt protections FEdhk= W
2o 2 A, DNAZA| 7} <35& ) delivery™ ™ endogenous
pathwayol]l wel 3 o] EaEe] A= antiviral
protection®l] 402 U#|Z] CTL activations ¥4 5 Sl
th= Aol Aok Hdl viral genomez: epitopelitiS Al
£-317] w2l infected animalsel]l thet ©F2 71E} vaccinedl] H]
atod QFgAol AUtk

Table 2= DNA vaccine®] AFE-¥ FMDV  genome2]
antigenic sites®} I G52 Q9FsES Zolth Immune
response type delivery system®] 5%, 71 Fo] A2, &9
Z5vict g2bd 4= 32, critical amino acid residues’} 7S
serotypetiol A= g2t A 4 JATHEY ZRFAQl DNA vaccines
of th3t s AW vt ot

©]2]3}t antigenic epitopesE ©]-8-3t THEA DNA vaccineS
ae B et 2

Structural Protein Region. Pl region> VP1-VP4Z ©]Fo]
7 viral capsid coding region® 24 FMDV protection®l] 1o
E3] VP12 7 potentdt immunodominant site®]TF. wbA]
VP19] vaccination strategies®]] H-& o]&% 3 §Jr}.1039
VPIS % 21270¢] ofjmmato g o]Folx 2001 141-160
residues, 21-40 residues®} 200-213 residuess 2F2+ B cell, T
cell epitopes®Z 2185t} o]#A| potentdt epitopeS 7FA]L
7] Wl 9] vaccination AN VPIS ¥l 9
£ PI-2A precursors antigen® 2 ARSI 9t} o] gk VPI
o] do7|= WHANESY] Y2 THI responseZA] CTL
(cytotoxic T lymphocyte)2] proliferations 57MA]ZItk= B317}
Atk F 7K 539] immune response?llA] antiviral protection
o] Jo)AE= Thi response’} HAF o2 FQ31A AR 9
S} Th2 response 9] 7+ & 4= giTh. Pl regions ©]-&-gt
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Table 3. Immune response adjuvants
Immunogen Immunization
type Adjuvant Region rotite Immune response Reference
VP12 141- - —
L-2 160, 200- Specific T (_:(-.\_11 proll_feratmn (40, 41]
and neutralizing antibody
213
VP19 141- Significantly increased
L-18 160, 200- levgls of the specific (42]
213 antll_)ody._T—ceII
DNA proliferation
Significantly increased
CpG-motif | VP1 levels of the specific [43]
P antibody, T-cell
proliferation
P12A3C3D High antibody response and [34]
protection
GM-CSF
P12B3D High antibody response [44]
VP1 2] 21- : ,
CTB 40, 135-160, i.p./in. ;I:{f::;‘t“izﬁ‘}dy response and | (5 46]]
d 200-213
Protein/ an
Peptide VP19 141- Parenterally/ High antibody response and (47, 48]
cT 159 protection i
o -
Yspédi L=t High antibody response [48]

vaccinations> Th2 response’} AETH= K7t Q7] wiizo]
AA| DNA vaccined] 014 P1 regionThe- ]88 73-¢- T}k
3l adjuvants®] A& 2 synthetic peptide®] boostingS 53t
host immune response®] 7F3 ¥ F#FE 3L Yk
Table 32 adjuvantsol]l W} YER= immune responseol] T3l
Qoks) o A, o]& AR wlEl immune responses
4 AL F des & T Ak

o]} vaccination strategiess 2 7FA] 7| oS Sof 4t
HEH vt 2k

Pl regions ©]-&3te] AAg AGNLES do7]7] 9§
02 oA SFE5E9 IgG9 constant region =
variable region® VP19] B cell, T cell epitope fusion*]7]
= W] ATk o2t WS [9G2] leader peptide] A
AE B3t secretary forme THESY] FLZA] VPI-IgG
fusion protein®] TFE celldl] endocytosis’7} HEZAH ZH=t
exogenous pathwayE &3] Humoral immune responseE 7
A2 4 Utk o2E selflgGE olgoeN AA e A
Ao 1gG7F Dyt vk WEjRT) 7] life spans 7HA3L QThE
ol o]g]gt o] Wil FMDV epitope®] < &= U]
oAlX =ZEA7ke] AARER A EZX 9] immunogenicity” F
b B3 T3 FMDV antigenAHA| 7 45+ S5 WollA o
St AEE = o] Al immunogenicity®] S0 =55 =
T ek AAE olHg WS ©]&3te FMDV type 09
VP12 slgGell fusion 3+ 3 gene-gune ©]-83}4] injection A
S 3 A3} 3ulE]9] swine BT protectionF] $T= Bt
UTEO S FARSE WAoo g 9]} e typedll host self-IgG
constant region fusionA|7] peptide vaccineS ©|-8-3F A% T

=)
flo b

I AT o=

Pl1, 3CE replication deficient AdenovirusE ©]-& 3}
FMDVZE- deliveryA7]+= Wlo] B ERT) ©]A& Adenovirus
9] replication®] %23k El gene2 deletionAlZ] & Z13L9]
FMDV antigenic region coding DNAE Y= W02 o]y
3l viral vectorsS ©]&3F deliveryH2& in vivo studyr] cell-
type =2 tissue typedll THEh specificity’} &0} 2 §87do] =
= AT evvivorlell =2 titers: L F ATHE o]
At} o] T systemS ©]-8-31¢] swinedll im. inoculations- 3
E Ay AR = ZATE 1 clinical $4d0] TAgoe] 2
F A3 FMDV type A24E JA] 7+e Hlx oz A3l
protocol 2 cytokine3} 772 immune modulatorS ©]-8-3}e] A
33 A3} complete protection®] EHJATH= HA7}F TP

Nonstructural Protein Region. 3C= P1 polyproteine VPO,
VP1, VP32 maturation? A5 7152 3= nonstructural
protein®] T}, 3C2] capsid processing activity”}  protective
immune response®l] #oJditl= B37F Itk FMDV type
Al129] P12A%} 3CE ©]&3l] pPI2A3C vectors |23 &
3CY] active siteE mutationr] 7] pPI2A3C-mutE F ol id.,
im., epithelium(s.c.)®] AZE F3Fq ZF7; inoculationr 7] 2
7 24 wild type 3CE FAAZL FIARE Th2 type®] W
vkg-o] UETE® o]# s HAEL 3C protease”} Humoral
immune response®l] Ao F L3 JTL = ARS A4}
gt

Nonstructural protein 3D= 2B2} TIE9] potent T cell
epitopeS 7FAZL AT} Pl region®] 2] epitope©] Thl type
responseE YO 7= Aol wste] 3D 7J-f-oll= Thl, Th2
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Table 4. Transgenic plant as edible vaccine

Tm];igr:“ic Immunogen [mmrl.:lli:caﬁon Immune response Reference
Specific antibody response
P1-3C ip. against complete virus [42]
particles
VP1 (135- Specific antibody response
Alfalfa 160) i.p. against complete virus [43]
particles
VP1 (131- Antibody response and
160) i.p/ oral protection against virulent [40]
challenge
5 3 Antibody response and
qas‘s. 3 | -
ﬁ:ﬁ:ﬁs }?;01)(1 i1 ip. protection against virulent [41]
challenge
Antibody response and
Potato VP1 i.p. protection against virulent [44]
challenge

type responseE 7FRIth= 53Jo] 9t} 3 structural protein
9] VP12 serotype©] ™3 specificity’} & H¥HHo| VP2,
VP3, 3D 53] 3D 79 serotypesol] T8t cross-reactivity”}
2lo] serotype non-specific vaccination®] 7}s3lth® o]t
3DZ ©]-&3F vaccination®] oS W g3 7t}

FMDV Ol type®] P12A3C3D coding sequence®| CMV
promoterS ¥o] non-infectivity2 7} Hlo]22 capsidS %55
= WYollA wrEofR]A §F %, swined] im. vaccinationX]7]
T protectiond F-5 Lol A} 4ulE] F 2viE]dA] fully
protection®] YEFSIL, $]9] strategy©]l GM-CSF(granulocyte-
macrophage colony stimulating factor)& immune modulator=.
A 7ro] %3 A3} neutralizing antibody response FE=7t &
7 e e BT o)of Mg W o= 2B 3D
coding sequence®] upstream®] VP12] 200-213 residues, 143-
160 residuesE fusionA]# swine®] GM-CSFE 7©] im.
vaccination AJ71 Ago] BT}

Edible Vaccine. Edible vaccine2 antigen coding DNAE
planel] FZEHZ A7l & 1 plants s s= A+ Fo A
O ZM antigen specific immune responseZ FFE=3h= HH o]
t}. Edible vaccine®] -2 thEe] antigens 9 & U,
ALk el wlgo] Agsithe Zolnt. B3k vaccination'd ™
o X purificationsg <] Aghe] 7hs3hH, 1 Fof o]
rtsiths 54o] inh B

352 vaccines TS W YeER= tIEE immune
response /32 mucosal immunity$!®l, ©]# ¢ mucosal
immunity= #< £°] 2] infectious agentsol] thate] Q17+-S-
X33 o33 =<9 protectionl] Zo| AMEEIL Th FMDV
antigenS W SK= transgenic plants’} SF-5Eol 7T Fou
H M cell2 F31¢] antigen-specific IgA 2 I1gG7} A3A3=H
mucosal microenvironment®] T2 effector cell)l Th cell, Tc
cellE9] 23] FMDV protection®] 7}53}Ch Table 4+=
FMDV transgenic plants 3l immunityS golZ 3ol o
g Qo ¥ Zloltt

Recombinant Protein Vaccine and Peptide Vaccine.

Chemically inactivated vaccine®] 7P & YL &3 /A

g viruss F71H0R o] Fash, ol tigk A
7} A7 E<re] mlolgx wEE 91¥e] ke Aot o]
23k TS H]kslr] ffal whEo] 7 Zo] FdE immunogen
Ql, recombinant proteine ©]-&-% vaccine®]t}.*® Recombinant
protein vaccine Ao AL Hlo|HAE QT §
A 971 wiEel virusoll WEE $13o] fivke Zlo] 7P & &
Aolt}. B3k, recombinant protein®|Ut peptide= A2k o] 4
3L, Bl golsith

F34 vaccine high-affinity neutralizing antibody®] %=
£ 980 potent B cell sitt® ZL=Z S} FMDVE VP1
capsid prominent G-H loop= neutralizing antibodyE f%=3}7]
1%t 2.3 immunogenic site®]Th ©] VP19 G-H loop
peptideS F3+ FMDV recombinant protein vaccine®] R.31%
vl Qo0 gy, 49l =iA]9] G-H loop synthetic
peptide2 administrationd}53-2 @ ol high level®] neutralizing
antibody”} A4S} protection ER] QEQITE7OD sfjutshA
G-H loop synthetic peptides= #|SHEl immunogenicityS 7F4]7]
wjizolt}. VPIE 49} =ix]e] MHC) 2Jsll QA== T-helper
cell epitope©] $13Z, VP1 9]%-9] promiscuous T-helper cell
497 7] wjzolnt.

FMDV-specific T cell epitope¥t= 7}A| 3L immunizationS-
31912 ™, susceptible bovine®|A] FMDV T cell epitope<]
vaccineZ 7|teHs THE9] protection T/} UERFA] 2t
T} welxd @349 neutralizing antibody S % 5=
vaccine= FMDV type OEF $l3ll immunogenicity®} cross-
reactivityS 9|3l #ZAslE Te} B cell epitopes siteZ TIRFI
wojof g} 0

-

a4 =

FMD<  Picornaviridae family2] Aphthovirus genusell <
© FMDVe] 9J3h vlelejA] Aoz FMD7F dE A
2 2 AQERte] ofujgl 1 o|9]¢] FMDel| FdEH X9 &=
W A H7e] 7isado] E7FsEAIRRE Ao R w9
Z B4S dsle A¥olzt & 4 Sith. FMDVY| infection>

o
o o 12 ol
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3 respiratory tractS B3} infection®™ I infection
cycleZ+= attachment, uncoating, negative replication, positive
replication, capsid assembly, cell lysis 52 L& 4L 7
*] cytopathic effect/} YEFATE ©]F macrophage % dendritic

cells7} 7+& infectious carrierd]] oJ3] T2 %% o2 HA
WH wof i, 23y, 287119 FAde] YeRdt

olggt FMDE 4¥3}7] I3t vaccination strategys= Table
20 el antigenic epitope’sS 0|83t tkEHAl AMEE
U=tl, DNA vaccineol] 93 = oAl = &7 WS
vaccine®] FHAHZ 5 7]Ef Tt A P adjuvants 5 A
Z70] wEt Zo|7b YA FFHOZE virus?| structural
protein®]] wWe} Thl immune response2} nonstructural protein®l]
g Th2 immune response”} AT}

ShH, o]#3 vaccines ©]9]o| = interferon % guanidine?} 7
< FMDV replication A3 &35 zh= drug®] AR 7Fs7d¢l
A A =S Hedible vaccine, live-attenuated vaccine2 ©]-&3F
vaccines ©|8olw v-¢- ThEta FHE) strategyso] A%
T, BaL =3 vk

o|FAl Tt o= EFataz, A FMDe gk A
2 therapeutic approachi= P|P|g Agoln] 7 ZFEe HAAHA
of ot AAA Felle ArE 507t A= FAlo|th uet
Al FMDe] 334 ok mlhg- S8 Bk ohlgt I X85
913l FMDV pathogenesis?l] theh -3 o3¢} A5 &3
T34 drug®] ot B EMDV life cycleS AAAZ 4
A= Aol Ha3h, T ¢elX] antigenic epitopee] £l T
733k epitoped] gk A7 o HoxIth

=

Y

A9 (Foot-and-Mouth Disease: FMD)o|&+ &, S1X], <,
59 cloven-hoofed F=°lA YeR}= vlolg2] AW
, 3, F, d Sl FEF FAEE Ao] SAolt ¢
714 EHF(0, A, C, Asial, SATI, SAT2 and SAT3)O.&
FE+=  FAulo]l 8 2(Foot-and-Mouth  Disease  Virus:
FMDV)+ single stranded positive RNA virus= nonenveloped
capsid virus©]Th. Viral genomeS 82KbZE 3dlu+e] ORFSI
polyprotein®. 2 %3] o, FA| capsid protein coding region
Q1 P1, replication related protein coding regionq! P2, RNA
dependent RNA polymerase coding region$! P3ZE A% th.
FMDV<E respiratory tract®] pharynx epithelial celloll 2=,
lung epithelial cellollX] replications $HC}. FA|Gufold = 2
HES =AN B2 ApReS 7RI 2002 F=oll] A
o] Wrsie] B2 AAA =4S AUt FMDVE] S =

Ue 2EERe] gle AR, Al B2 veelA
= TAGuelH 2] AES e e R e 9
Fakal vk E BIAOX= FMDe] g Brh g344<l 4
DNA vaccine, edible vaccine, peptide vaccine®] th3
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