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Objectives and Methods

• We studied effective strategies for customized 
vaccine and  challenge tool for protection and 
evaluation  of specific serotypes or subtypes of 
FMDV.
1. Producing the recovered virus by Infectious clones for 

7 serotypes
2. Pathogenesis test of recovered virus in mice and pigs
3. Pig immunization with the antigen and challenge  test 

using the recovered virus 



cDNA infectious clones for FMDV serotypes

(b)

(e)

P3 3’UTR
A18O Manisa-FG

O (Om-O-PanAsia2)

Asia1 (Om-AsMOG)

A (Om-A22)

C (Om-C-Ob)

SAT1 (Om-SAT1-SA)

SAT2 (Om-SAT2-SAU)

SAT3 (Om-SAT3-SA)

C21

S-frag
T7

IRES L P1 P2

O/PAK/44/2008 (Synthetic)

Asia1/MOG/2005

A22 Iraq/24/64

C1 Oberbayern (Synthetic)

SAT1/5sa/61 (Synthetic)

SAT2/SAU/6/00 (Synthetic)

SAT3/2sa57/59 (Synthetic)

VP4 VP2 VP3 VP1

P1

The capsid-coding gene (P1) of the vaccine strain O1/Manisa/Turkey/69 was 
replaced with the amplified or synthetic genes .
The seven serotype viruses were rescued successfully. 
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1. Virus recovery and characterization 
by infectious clones

Result (1)

2. Pathogenesis of the viruses in animals
for possibility as a challenge virus

3. Immunization of experimental vaccine 
in pigs (and others) and challenge 
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Electron microscopy of the viruses

24 ~ 29 nm
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C

Lateral flow assay 2 for Ag
(PBM kit) designed for 4 serotypes

T

Confirmation of different antigens 
using rapid test kit
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Lateral flow assay1 for Ag
(Svanova Kit) designed for 7 serotypes

T
Posi

Posi

+ + -



N
et

 O
. 
D

O manisa-FG

O-PanAsia2

A22

Asia1/MOG

C Obe

SAT1 SAU

SAT2 SA
SAT3 SA

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

O A Asia1 C SAT1 SAT2 SAT3 Pos.

Each chimeric FMDV showed its serotype-specific antigenicity

Antigen-binding reaction by Ag-ELISA



Serological relationships among FMDV recombinants 
by cross-virus neutralization (VNT) using reference 

anti-sera

Reference 
anti-sera 
against 

following 
strains

Viruses used in cross VNT and the reciprocal arithmetic titers

O 
Manisa-

FG

Om-O-
PanAsia2 

Om-
A22 

Om-
AsMO

G
Om-C- Ob

Om-SAT1-
SA 

Om-
SAT2-
SAU 

Om-
SAT3-SA 

O1Manisa 724 362 - - - - - -
A22 16 - 90 - - - - -
Asia-Shamir - - - 90 - - - -
C-Resende 16 - - - 181 - - 16
SAT1-BOT 1/68 64 22 - 22 16 362 - -
SAT2-ZIM 5/81 - - - - - - 1448 -
SAT3-ZIM 9/80 - - - - - - - 362

- : reciprocal titer of <16 (negative cutoff of VNT).



1. Virus recovery and characterization 
by infectious clones

Result (2)

2. Pathogenesis of the viruses in animals
for possibility as a challenge virus

3. Immunization of experimental vaccine 
in pigs (and others) and challenge 
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A. Clinical Score
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Om-SAT3 SA
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Cross-virus neutralization of type-specific antibodies 
from the virus infected pigs

Chimeric FMDV-
infected groups

(pig #, n=2)

Viruses used in cross VNT1 and the titers 

O 
Manisa

Om-O-
PanAsi

a2 

Om-
A22 

Om-
AsMO

G

Om-C-
Ob

Om-
SAT1-

SA 

Om-
SAT2-
SAU 

Om-
SAT3-SA 

O Manisa (#223, 233) 256/512 45/181 -2, - -, - -, - -, - -, - -, -

Om-PanAsia2 (#215,235) 128/256 724/512 -, - -/16 -, - -, - -, - -, -

Om-A22 (#224, 236) -/90 -/128 256/90 -/- -, - -, - -, - -, -

Om-AsMOG (#200, 222) 16/16 181/- -, - 181/90 -, - -, - -, - -, -

Om-C-Ob (#212, 218) -, - -, - -, - -, - 512/512 -, - -, - -, -

Om-SAT1-SA (#219, 220) -, - -, - -, - -, - -, - 181/512 -, - 16/-

Om-SAT2-SAU (#291, 234) -, - -, - -, - -, - -, - -, - 362/1024 -, -

Om-SAT3-SA (#189, 217) -, - -, - -, - -, - -, - -, - -, - 362/181

1 VNT: Virus neutralization test in sera from the pigs 12 days post-infection of each chimeric FMDV
2 - : reciprocal titer of <16 (negative cutoff of VNT).
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1. Virus recovery and characterization 
by infectious clones

Result (3)

2. Pathogenesis of the viruses in animals
for possibility as a challenge virus

3. Immunization of experimental vaccine 
in pigs (and others) and challenge 
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• Immunized with 7.5 µg /dose/ serotypes and 
• challenged the recovered viruses.
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Trivalent –vaccine injection groups (n=4) : protected

Pigs vaccinated with an experimental trivalent vaccine containing the inactivated recombinants 
based on the main serotypes O, A, and Asia1 effectively protected them from virus challenge

Clinical characterization in immunized and challenged pigs

Control groups (n=4), ( Challenged with 3 rec viruses) : not protected  
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Summary
• This strategy will be a useful tool for rapidly 

generating customized FMD vaccines or challenge 
viruses. 
• Using synthetic or amplified genes for 7 serotype 

viruses against epidemic strains. 
• The virus has an antigenic similarity between 

chimeric FMDV and wild types
• We can get new challenge viruses against various 

serotypes depend on P1 surface protein

• Especially it will provide a useful source for vaccine 
study in the countries which have prohibited 
introduction of FMDVs.


