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Summary. – Three different routes of Foot-and-mouth disease virus (FMDV) infection of piglets, namely 
intranasal (i.n.) through drops, intradermal (i.d.) into the foot, and intramuscular (i.m.) were compared regarding 
the onset and severity of the disease. The results showed that the i.d. injection of the virus resulted in the fastest 
onset of the disease. The i.m. injection led to a delayed onset, but the final effect was identical with i.d. injection. 
Moreover, the i.m. injection was simpler to perform and easier to evaluate. Therefore, the i.m. injection of piglets 
is recommended as the optimal infection route for evaluation of the FMDV vaccine potency.
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introduction

Foot-and mouth disease is an acute, febrile, and conta-
gious vesicular disease affecting cloven-hoofed animals. In 
recent years, pigs infected with FMDV have been reported 
around the Chinese mainland such as Taipei and Hong Kong 
(Feng et al., 2003; Chen et al., 2006; Dunn et al., 1997; Yang 
et al., 1999). Vaccination is the most important control and 
eradication strategy for FMDV, especially the vaccination 
with oil-adjuvanted vaccine used in the developing coun-
tries (Balamurugan et al., 2004; Lubroth et al., 2007; Mason 
et al., 2003; Grubman et al., 2004). Vaccine potency is very 
important parameter that is estimated in the vaccinated 
animals by evaluating their resistance to the live virus chal-
lenge. OIE (Office International des Epizooties) states two 
challenge methods for the examination of FMDV vaccine 
potency in pigs: (i) i.d. injection into the heel bulbs and (ii) 

i.m. injection into the ear-root-neck area (OIE terrestrial 
manual, 2009). Unfortunately, it is not indicated which one 
is more suitable. 

In this report, we compared three different routes of 
FMDV infection of piglets in order to find the optimal one 
for the challenging animals for examination of the FMDV 
vaccine potency.

Materials and Methods

Animals and virus strains. For experimental infection we used 
45-day-old long white pigs seronegative for FMDV NSP 3ABC type 
O and Asia 1 antibodies and two different virus strains. OH/99 
strain was isolated from pigs (Liu et al., 2004) and Asia 1/JS/05 
strain (GenBank Acc. No. EF149009) was isolated from cattle and 
adapted to the pigs.

Experimental infection. Thirty-six non-vaccinated piglets were 
randomly divided into 6 groups with 6 animals in each group. Each 
group of animals was inoculated in a different challenge route and 
kept in separate rooms. OH/99 strain was used to infect the groups 
1, 2, and 3. The i.n. drops and i.m. injection dose applied to the 1st 
and 3rd group, respectively, was 10,000 ID50/pig in the volume of 
2 ml. I.m. injection was applied in the ear-root-neck area. The i.d. 
dose applied to the 2nd group was 10,000 ID50/pig in the volume 
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of 0.2 ml and was injected into the heel bulb. Asia 1/JS/05 strain 
was used to infect the groups 4, 5, and 6. The i.n. drops and i.m. 
injection dose applied to the 4th and 6th group, respectively, was 
10,000 ID50/pig in the volume of 2 ml. I.m. injection was applied 

in the ear-root-neck area. The i.d. dose applied to the 2nd group 
was 10,000 ID50/pig in the volume of 0.2 ml and was injected into 
the heel bulb. All infected pigs were observed daily for 10 days post 
infection (p.i.). The first day was recorded at 24 hrs p.i.

Table 1. The course of infection of piglets with FMDv OH/99 strain applied by different routes

Infection of 
a group

Pig (No.) Disease symptoms on day p.i.

1 2 3 4 5 6 7 8 9 10

Group 1
(i.n.)

1 _ fever fever _ _ _ _ _ _ _
2 _ fever fever fever _ _ _ _ _ _
3 _ _ _ _ _ _ _ _ _ _
4 _ _ _ _ + + + + + +
5 _ fever fever fever _ _ _ _ _ _
6 _ _ fever fever _ _ _ _ _ _

Group 2
(i.d.)

7 _ + + + + + + + + +
8 _ _ + + + + + + + +
9 _ _ + + + + + + + +

10 _ + + + + + + + + +
11 _ + + + + + + + + +
12 _ + + + + + + + + +

Group 3
(i.m.)

13 _ _ _ + + + + + + +
14 _ _ + + + + + + + +
15 _ _ + + + + + + + +
16 _ _ _ + + + + + + +
17 _ _ _ + + + + + + +
18 _ _ _ + + + + + + +

(–) = normal; (+) = blister (except for i.d. infected foot).

Table 2. The course of infection of piglets with FMDv Asia 1/JS/05 strain applied by different routes

Infection of 
a group

Pig No. Disease symptoms on day p.i.

1 2 3 4 5 6 7 8 9 10

Group 4
(i.n.)

19 _ _ _ _ _ _ _ _ _ _
20 _ _ _ _ _ _ _ _ _ _
21 _ _ _ _ _ _ _ _ _ _
22 _ _ _ _ + + + + + +
23 _ _ fever fever _ _ _ _ _ _
24 _ _ _ _ _ _ _ _ _ _

Group 5
(i.d.)

25 _ _ + + + + + + + +
26 _ + + + + + + + + +
27 _ _ + + + + + + + +
28 _ + + + + + + + + +
29 _ _ + + + + + + + +
30 _ + + + + + + + + +

Group 6
(i.m.)

31 _ _ _ + + + + + + +
32 _ _ _ + + + + + + +
33 _ _ _ + + + + + + +
34 _ _ + + + + + + + +
35 _ _ _ + + + + + + +
36 _ _ _ + + + + + + +

(–) = normal; (+) = blister (except for i.d. infected foot).
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Results and Discussion

In the first group of animals infected with i.n. drops, 
four pigs had a fever after two or three days, but they stayed 
without the blisters. One pig developed a blister in the upper 
margin of coronet on the day 4 p.i. In the second group of 
animals infected i.d., four pigs showed the blisters on day 
2 p.i. and two pigs showed the blisters on day 3 p.i. In the 
third i.m. infected group, two pigs developed the blisters on 
day 3 p.i. and remaining four pigs developed the blisters on 
day 4 p.i. (Table 1). Thus, all twelve pigs in the second and 
third group showed similar clinical symptoms, but the onset 
of the disease was delayed in pigs of the group 3. We tested 
also the infectivity of both FMDV strains Asia 1/JS/05 and 
OH/99 using three infection routes. We found that both 
strains behaved similarly in the experimental infection of 
pigs. This result demonstrated that the three infection routes 
for both virus strains had similar effect on the course of 
disease (Table 1, 2).

It followed that the i.d. challenge was the most sensitive 
infection route due to the blisters appearing in two days 
p.i. Next to the i.d. challenge was i.m. challenge due to the 
blisters appearing on day 4 p.i. Infection with the i.n. drops 
was the slowest way of challenge, since only one pig showed 
the blisters after 5 days of infection. However, three to four 
workers were needed to catch and fix pigs in the procedure of 
i.d. challenge. The pigs kicked and hurt the workers, so this 
kind of infection was laborious and dangerous. Furthermore, 
the i.d. challenged pigs should develop a blister in the other 
foot than the injected one to ensure that the pig was really 
infected. On the other hand, the i.m. infection needed one or 
two workers to fix the head of a pig and to inject the animal. 
The infection was ensured when the blister appeared just on 
one foot. Thus, the i.m. challenge required simple manipula-
tion and the observation of blisters was uncomplicated. The 
experimental results showed that the i.m. and i.d. challenges 
were closely pathogenic. Hence, i.m. challenge is the best 
route for challenging pigs and it is highly recommended for 
the evaluation of FMDV vaccine potency.

Acknowledgements. This work has been supported by the grants 
2006BAD06A10 and 2006BAD06A03 from the National key Tech-
nology R&D program of P.R. China, the grant 2005CB523201 from 
the Chinese national 973 project, and the grant 2006AA10A204 
from the Chinese national 863 project.

References

Balamurugan V, Kumar RM, Suryanarayana VV (2004): Past and 
present vaccine development strategies for the control of 
foot-and-mouth disease. Acta Virol. 48, 201–214.

Chen J, Mingqiu Z, Hui KH, Leung FC (2006): Molecular charac-
terization of foot-and-mouth disease virus in Hong Kong 
during 2001–2002. Virus Genes 32, 139–143. doi:10.1007/
s11262-005-6869-1

Dunn CS, Donaldson AI (1997): Natural adaption to pigs of a 
Taiwanese isolate of foot-and-mouth disease virus. Vet. 
Rec. 141, 174–175. doi:10.1136/vr.141.7.174

Feng Q, Chen X, Ma O, Liu Y, Ding M, Collins RA, Ko LS, Xing J, 
Lau LT, Yu AC, Chen J (2003): Serotype and VP1 gene 
sequence of a foot-and-mouth disease virus from Hong 
Kong. Biochem. Biophys. Res. Commun. 302, 715–721. 
doi:10.1016/S0006-291X(03)00250-X

Grubman MJ, Baxt B (2004): Foot-and-mouth disease. Clin. 
Microbiol. Rev. 17, 465–493. doi:10.1128/CMR.17.2.465-
493.2004

Liu G, Liu Z, Xie Q, Chen Y, Bao H, Chang H, Liu X (2004): Genera-
tion of an infectious cDNA clone of an FMDV strain iso-
lated from swine. Virus Res. 104, 157–164 doi:10.1016/j.
virusres.2004.04.002

Lubroth J, Rweyemamu MM, Viljoen G, Diallo A, Dungu B, 
Amanfu W (2007): Veterinary vaccines and their use in 
developing countries. Rev. Sci. Tech. Off. Int. Epizoot. 
26, 179–201.

Mason PW, Chinsangaram J, Moraes MP, Mayr GA, Grubman MJ 
(2003): Engineering better vaccines for foot-and-mouth 
disease. Dev. Biol. 114, 79–88.

Yang PC, Chu RM, Chung WB, Sung HT (1999): Epidemiologi-
cal characteristics and financial costs of the 1997 foot-
and-mouth disease epidemic in Taiwan. Vet. Rec. 145, 
731–734.

http://dx.doi.org/10.1007/s11262-005-6869-1
http://dx.doi.org/10.1007/s11262-005-6869-1
http://dx.doi.org/10.1136/vr.141.7.174
http://dx.doi.org/10.1016/S0006-291X%2803%2900250-X
http://dx.doi.org/10.1128/CMR.17.2.465-493.2004
http://dx.doi.org/10.1128/CMR.17.2.465-493.2004
http://dx.doi.org/10.1016/j.virusres.2004.04.002
http://dx.doi.org/10.1016/j.virusres.2004.04.002

