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A B S T R A C T 
 
Foot-and-mouth disease (FMD) is a highly contagious and economically devastating viral disease of 
cloven-hoofed animals. In Egypt, the local commercial (trivalent O Panasia-2/A Iran-05/ SAT2/EGY-
A-2012) and imported (trivalent O Manisa /A Iran-05/ SAT2/EGY-A-2012) inactivated vaccines were 
used for rapid control of the disease. We aimed to determine the cross protection between FMD virus 
serotypes O and A local Egyptian isolate with vaccinal strains in the local commercial and imported 
vaccines using challenge experiment. By the 7th day post challenge with either O/EGY-4-2012 or 
A/EGY/1/2012 isolates, the vaccinated cattle with either local commercial or imported vaccine were 
clinically protected by 100% with local commercial vaccine and 80% with imported vaccine for O/EGY-
4-2012. The protection values were 100% and 80% with cattle challenged with A/EGY/1/2012 and 
vaccinated with a local commercial or imported vaccine respectively.  In conclusion, FMD virus 
Egyptian isolates O and A was antigenically similar to that of vaccinal strains in local commercial and 
imported vaccines which provide good protection. 
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1. INTRODUCTION  

oot-and-mouth disease (FMD) Foot-
and-mouth disease (FMD) is a highly 
contagious viral disease affecting 

cloven-hoofed animals, which can cause 
huge economic damage (Cox and Barnett, 
2009). FMD virus is a small, non-
enveloped, positive-sense RNA virus 
belonging to the genus Aphthovirus in the 
family Picornaviridae. The virus exists as 
seven immunologically distinct serotypes: 
O, A, C, Asia 1, and the South African 
Territories (SAT) serotypes SAT1, SAT2, 
and SAT3, with multiple subtypes 
throughout the world (Carrillo et al., 2005). 
In Egypt, FMD has taken an enzootic form 
and many outbreaks had occurred since 
1950 and onwards. FMDV type O was the 
most prevalent until serotype A appeared in 
2006 (Moussa et al. 1984; Daoud et al.1988 
and Farag et al.2005) then during April and 

May 2012, six outbreaks of FMD type SAT 
2 were reported in Egyptian governorates 
(El-Moety et al., 2013). Control of the 
disease has been based on large-scale 
vaccinations with whole-virus inactivated 
vaccines, limitation of animal movements 
and destruction of herds exposed to the 
virus (Brown, 2003). The available 
vaccines show generally good protection 
against infection with homologous virus 
and with antigenically related isolates. 
Difficulties facing the eradication of FMD 
include the antigenic diversity of FMDV in 
nature, which has been reflected in the 
identification of seven serotypes (A, O, C, 
SAT1, SAT2, SAT3 and Asia1), 65 
subtypes, until subtyping was interrupted, 
and multitudes of antigenic variants 
(Valarcher et al., 2009). In addition, many 
antigenic strains have been recognized 
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within serotypes [Rweyemamu and Hingley 
1984, Alonso et al., 1993] and some of these 
differences may be important in relation to 
cross-protection. Therefore, serological 
tests are routinely used as a part of the 
process for selecting the most appropriate 
vaccine strain for protection against a given 
field isolate (Kitching et al., 1988, Paton et 
al., 2005). The mechanisms of the immune 
protection elicited by vaccination are not 
fully understood(Dunn et al., 1998, 
McCullough et al., 1992) and relatively few 
published reports confirming the predictive 
value of serological vaccine matching tests 
(Barteling and Swam,2006, Brehm et al., 
2008) are available. 
Therefore, a study was undertaken to 
evaluate the cross protection of FMD virus 
Egyptian isolates; O/EGY-4-2012 and 
A/EGY/1/2012 with vaccinal strains; O 
Panasia-2 and A Iran-05 in local 
commercial vaccine O Manisa and A Iran-
05 in imported vaccine using challenge 
experiment. 

2. MATERIAL AND METHODS 

2.1. Virus strains  

The O1 Panasia-2, O1 Manisa and A Iran-05 
strains obtained from the World Reference 
Laboratory, Institute for Animal Health 
(WRL-IAH), Pirbright, United Kingdom, 
was maintained at the FMD Department, 
Veterinary Serum and Vaccine Research 
Institute, Abbassia, Cairo.  The Egyptian 
isolates O/EGY-4-2012 and A/EGY/1/2012 
were typed and subtyped at the FMD 
Department, Veterinary Serum and Vaccine 
Research Institute, Abassia, Cairo and 
confirmed by WRL-IAH, Pirbright, United 
Kingdom. These viruses were titrated on 
Baby Hamster kidney (BHK) cells and used 
in serum neutralization assays. 

2.2. Cell line  

Baby Hamster Kidney (BHK-21) cell line: 
It was supplied by FMD Department, 
Veterinary Serum and Vaccine Research 
Institute, Abbasia, Cairo. The cells were 
grown and maintained according to 

Macpherson and Stocker (1962). It was 
used for viruses titration and serum 
neutralization test (SNT). 

2.3. inactivated FMD virus vaccines  

Two different trivalent FMD virus 
inactivated vaccines; a local commercial (O 
Panasia-2/A Iran-05/ SAT2 EGY-A-2012) 
and an imported (O Manisa /A Iran-05/ 
SAT2 EGY-A-2012) vaccines were 
supplied by the FMD Department, 
Veterinary Serum and Vaccine Research 
Institute, Abassia, Cairo. They were used in 
vaccination of experimental cattle.  

2.4. Calves and experimental design 

Twenty eight, 6 months old Friesian calves 
were allotted into 3 groups (10 calves for 
the first two groups and 8 for the third 
group) and kept in separate breeding rooms. 
The sera from these calves were previously 
screened by SNT for the presence of 
specific antibodies against FMD virus and 
did not reveal any specific antibodies (sero-
negative). They were divided in two groups 
as follow: Group I: Each of ten calves was 
vaccinated subcutaneously with 1ml of a 
local commercial trivalent (O Panasia-2/A 
Iran-05/ SAT2 EGY-A-2012) inactivated 
FMD virus vaccine. From which five used 
in homologous challenge (O Panasia-2, A 
Iran-05) and other for heterologous 
challenge (O EGY-4-2012, 
A/EGY/1/2012). Group Π: Each of ten 
calves was vaccinated subcutaneously with 
1ml of an imported trivalent (O Manisa /A 
Iran-05/ SAT2 EGY-A-2012) inactivated 
FMD virus vaccine, from which five used in 
homologous challenge (O Panasia-2, A 
Iran-05) and other for heterologous 
challenge (O EGY-4-2012, 
A/EGY/1/2012). Calves were daily 
observed during the whole time of 
experiment for clinical lesion and sample 
collection from clinically affected animals. 
Group ΠI: eight calves left as non 
vaccinated group.  

2.5. Serum samples  

All sera were collected from the two groups 
on the day of vaccination (zero day) till 28 
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day post-vaccination, were examined for 
antibody response to both vaccinal strain 
and Egyptian isolates of FMD virus by 
neutralization assay. 

2.6. challenge test and cross protection   

Both vaccinated and control calves in 
different groups were challenged with 104 
MLD50 FMD virus homologous and 
heterogolous strains via inoculation by 
intradermolingual route (Stellmann et al., 
1977) and then observed daily for 
symptoms of FMD for two weeks. The 
animals showing symptoms were subjected 
to virus re-isolation.  

3. RESULTS 

The protection values for cattle vaccinated 
with local commercial trivalent (O Panasia-
2/ A Iran-05/ SAT2 EGY-A-2012) 
inactivated FMD virus vaccine were 100% 
without appearance of characteristic FMD 
lesion in both homologous challenged (O 
Panasia-2 or A Iran-05) and heterologous 
challenged (O EGY-4-2012 or 
A/EGY/1/2012) groups (table1and2). By 
the 7th day post challenge with imported 
trivalent (O Manisa/ A Iran-05/ SAT2 
EGY-A-2012) inactivated FMD virus 
vaccine, the protection values were 100% 
for homologous challenged (O Panasia-2 or 
A Iran-05) cattle and 80% for heterologous 
challenged (O EGY-4-2012 or 
A/EGY/1/2012)  cattle groups. 

 
Table (1): detection of characteristic FMD lesions after homologous challenge (O Panasia-2) and 
heterologous challenge (O EGY-4-2012) in cattle vaccinated with local commercial trivalent inactivated 
FMD virus vaccine 
 

Code of  
vaccinated 
animals in group I 

lesions of challenge test Code of  
vaccinated 
animals in group I 

lesions of challenge test 
O Panasia-2 O EGY-4-2012 
Tongue Fore limbs Hind limbs Tongue Fore limbs Hind limbs 

Left Right  Left Right Left Right  Left Right 
1 - ve - ve - ve - ve - ve 8 +ve - ve - ve - ve - ve 
2 - ve - ve - ve - ve - ve 9 +ve - ve - ve - ve - ve 
3 - ve - ve - ve - ve - ve 10 +ve - ve - ve - ve - ve 
4 - ve - ve - ve - ve - ve 11 +ve - ve - ve - ve - ve 
5 - ve - ve - ve - ve - ve 12 - ve - ve - ve - ve - ve 

Control 6 + ve +ve +  ve +ve +ve Control 13 +ve +ve + ve +ve + ve 
Control 7 +ve +ve + ve +ve + ve Control 14 +ve +ve + ve +ve + ve 

Protection % 100 % Protection % 100 % 

 
Table (2): detection of characteristic FMD lesions after homologous challenge (A Iran/2005) and 
heterologous challenge (A/EGY/1/2012) in cattle vaccinated with local commercial trivalent inactivated 
FMD virus vaccine 
 

Code of  
vaccinated 
animals in group I 

lesions of challenge test Code of  
vaccinated 
animals in group I 

lesions of challenge test 
A Iran/2005 A/EGY/1/2012 
Tongue Fore limbs Hind limbs Tongue Fore limbs Hind limbs 

Left Right  Left Right Left Right  Left Right 
1 - ve - ve - ve - ve - ve 8 - ve - ve - ve - ve - ve 
2 - ve - ve - ve - ve - ve 9 - ve - ve - ve - ve - ve 
3 - ve - ve - ve - ve - ve 10 - ve - ve - ve - ve - ve 
4 - ve - ve - ve - ve - ve 11 - ve - ve - ve - ve - ve 
5 - ve - ve - ve - ve - ve 12 - ve - ve - ve - ve - ve 

Control 6 + ve +ve + ve +ve  + ve Control 13 + ve +ve + ve +ve  + ve 
Control 7 +ve +ve + ve +ve + ve Control 14 +ve +ve + ve +ve + ve 

Protection % 100 % Protection % 100 % 
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Table (3): detection of characteristic FMD lesions after homologous challenge (O Manisa) and 
heterologous challenge (O EGY-4-2012) in cattle vaccinated with imported trivalent inactivated FMD 
virus vaccine 
 

Code of  
vaccinated 
animals in group I 

lesions of challenge test Code of  
vaccinated 
animals in group I 

lesions of challenge test 
O Manisa O EGY-4-2012 
Tongue Fore limbs Hind limbs Tongue Fore limbs Hind limbs 

Left Right  Left Right Left Right  Left Right 
1 + ve - ve - ve - ve - ve 8 +ve - ve - ve - ve - ve 
2 - ve - ve - ve - ve - ve 9 +ve - ve - ve - ve - ve 
3 - ve - ve - ve - ve - ve 10 +ve - ve + ve - ve - ve 
4 - ve - ve - ve - ve - ve 11 +ve - ve - ve - ve - ve 
5 - ve - ve - ve - ve - ve 12 - ve - ve - ve - ve - ve 

Control 6 + ve +ve + ve +ve  + ve Control 13 +ve +ve + ve +ve + ve 
Control 7 +ve +ve + ve +ve + ve Control 14 +ve +ve + ve +ve + ve 

Protection % 100 % Protection % 80 % 

 
Table (4): detection of characteristic FMD lesions after homologous challenge (A Iran/2005) and 
heterologous challenge (A/EGY/1/2012) in cattle vaccinated with imported trivalent inactivated FMD 
virus vaccine 
 

Code of  
vaccinated 
animals in group I 

lesions of challenge test Code of  
vaccinated 
animals in group I 

lesions of challenge test 
A Iran/2005 A/EGY/1/2012 
Tongue Fore limbs Hind limbs Tongue Fore limbs Hind limbs 

Left Right  Left Right Left Right  Left Right 
1 - ve - ve - ve - ve - ve 8 +ve - ve - ve - ve - ve 
2 - ve - ve - ve - ve - ve 9 +ve - ve - ve - ve - ve 
3 - ve - ve - ve - ve - ve 10 -ve - ve - ve - ve - ve 
4 - ve - ve - ve - ve - ve 11 +ve +ve - ve - ve - ve 
5 - ve - ve - ve - ve - ve 12 - ve - ve - ve - ve - ve 

Control 6 + ve +ve + ve +ve  + ve Control 13 +ve +ve + ve +ve + ve 
Control 7 +ve +ve + ve +ve + ve Control 14 +ve - ve + ve +ve + ve 

Protection % 100 % Protection % 80 % 
 

 

4. DISCUSSION 

Foot-and-mouth disease (FMD) is an 
economically important disease because it 
is highly contagious, infects many cloven-
hoofed animals (such as cattle, sheep, and 
pigs), and there is no treatment method; 
thus, stamping out policies are implemented 
in most countries once animals have been 
infected (Alexandersen and Mowat 2005). 
The disease is endemic in many parts of the 
world. OIE periodically publishes disease 
distribution and outbreak maps; the FMD 
sanitary status has a profound economic 
impact in countries with meat trade 
depending economies (OIE 2011). The 
control of the disease mainly relies on 
vaccination of cattle and other susceptible 
species. As the economic impact of a FMD 

outbreak can be large, the quality control of 
vaccines in most countries is strictly  
 
regulated, and in Europe, animal challenge 
tests are prescribed to show vaccine 
efficacy (Goris et al 2007). The antigenic 
relationships of FMD viral strains (R- 
Value) was detected for different vaccinal 
strains against homologous and 
heterologous field isolates using serum 
neutralizing antibody technique and 
challenge test, the vaccine batches used  in 
experiment were evaluated firstly according 
OIE, CFR and Egyptian codex CLEVB. 
Detection the protection of the different 
vaccine batches which prepared from 
different serotypes of FMD virus against 
homologous strains and heterologous 
strains using challenge test and calculation 
the R-value for each serotype, the titer of 
FMD virus serotypes (used in challenge 
test) in calves tongue was calculated as 
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BID50/ml using the formula of  Karber, 
(1931). The results obtained for the cross-
protection in vivo afforded by vaccine 
batches (1  ) and (2) agrees with 
(Nagendrakumar et al., 2011; Brehm et al 
2008; Goris et al. 2007) which could be 
predicted from the serological cross-
reactivity. 

5. REFERENCES 

Alonso, A., Gomes, M.P.D., Ramalho, A.K., 
Allende, R., Barahona, H., Sondahl, M., et 
al. 1993. Characterization of foot-and-
mouth disease virus by monoclonal 
antibodies. Viral Immunol; 6:219–28. 

Alexandersen S., and Mowat N. 2005. Foot-
and-mouth disease: host range and 
pathogenesis. Curr Top Microbiol 
Immunol 288: 9–42. 

Barteling S.J., Swam H. 2006. The potent 
aqueous and double oil emulsion foot-and 
mouth disease typeO1 vaccines from 
European Vaccine Banks probably protect 
against all other O1 strains. Report of the 
European Commission for the Control of 
Foot-and-mouth disease. In: Session of the 
Research Group of the Standing Technical 
Committee, Appendix 13.p. 90–4. 

Brehm K.E., Kumar N., Thulke H.H., Haas B. 
2008. High potency vaccines induce 
protection against heterologous challenge 
with foot and mouth disease virus. 
Vaccine. 26: 1681–7. 

Brown, F. 2003. The history of research in 
FMD. Virus Res., 91: 37. 

Carrillo, C., Tulman, E.R., Delhon, G., Lu, Z., 
Carreno, A., Vagnozzi, A., Kutish, G.F., 
Rock,       D.L., 2005. Comparative 
genomics of foot-and-mouth disease virus. 
J. Virol. 79: 6487–6504. 

Cox, S.J., Barnett, P.V. 2009. Experimental 
evaluation of foot-and-mouth disease 
vaccines for emergency use in ruminants 
and pigs: a review.Vet. Res. 40, 13–43. 

Daoud, A., Omar, A., El-Bakry, M., Metwally, 
N., El-Mekkawi, M., El-Kilany, S. 1988. 
Strains of foot and mouth disease virus 
recovered from 1987 outbreak in Egypt. J. 
Egypt. Vet. Med. Ass., 48: 63-71. 

Dunn, C.S., Samuel, A.R., Pullen, L.A., 
Anderson, J. 1998. The biological 
relevance of virus neutralization sites for 
virulence and vaccine protection in the 

guinea pig model of foot-and-mouth 
disease. Virology; 247: 51–61. 

El-Moety, M.S.A,  El-Aty, M.M.A, Fakry, 
H.M., Daoud, H.M., Ibrahim E.E.,  El-Din 
W.M.G., Rizk S.A., et al. 2013. Isolation 
and Molecular Characterization of Foot 
and Mouth Disease SAT2 Virus during 
Outbreak 2012 in Egypt. J. Vet. Adv. 3(2): 
60-68. 

Farag, M.A., Aggour, M.A., Daoud, A.M. 2005. 
ELISA as a rapid method for detecting the 
correlation between the field isolates of 
Foot and Mouth Disease and the current 
used vaccine strain in Egypt. Vet. Med. J., 
Giza. Vol. 53, No. 4: 949-955. 

Goris, N., Merkelbach-Peters, P. D., Verloo, D., 
Zakharov. V.M., Kraft, H.P. 2007. 
European Pharmacopoeia foot-and-mouth 
disease vaccine potency testing in cattle: 
between test variability and its 
consequences. Vaccine,  25:3373–9. 

karber, G. 1931. Beitrag Zurkillek Bhandlung 
Pharmakologis Reithenver Suche Naungn 
Schmeidebrgos. Arch-Epx. Path. pharmak, 
162:280-283. 

Kitching RP, Rendle R, Ferris NP. 1988. Rapid 
correlation between field isolates and 
vaccine strains of foot-and-mouth disease 
virus. Vaccine, 6:403–408. 

McCullough, K.C., De Simone, F., Brocchi, E., 
Capucci, L., Crowther, J.R., Kihm, U. 
1992. Protective immune response against 
foot-and-mouth disease. J Virol. 66:1835–
40. 

Moussa,A.A.M.; Daoud,A.; Hussein,K.; 
Hassan,N.A.; Fahmy,F.; Azab,A. and El-
Shehawy,L. 1984. Prevalence of FMD in 
Egypt”. Agric.Res.Rev., 62(5B): 55-63. 

Negusssie, H.; Moses, K.; Yami, M.; Ayelet, 
G., Jenberie, S. 2010. Outbreak 
investigations and genetic characterization 
of foot-and-mouth disease virus in 
Ethiopia in 2008/2009. Trop. Anim. Health 
Prod. 43: 235–243. 

OIE 2011. World Animal Health Information 
Database (WAHID) 2011. website: 
[accessed 06.06.11]. 

Paton DJ, Valarcher JF, Bergmann I, Matlho 
OG, Zakharov VM, Palma EL, et al. 2005. 
Selection of foot-and-mouth disease 
vaccine strains – a review. Rev Sci Tech. 
24: 981–93. 

Rweyemamu, M.M., Hingley, P.J. 1984. Foot-
and-mouth disease virus strain 



Evaluation of cross-protection between FMD serotypes O and A local Egyptian isolate 

246 
 

differentiation: analysis of the serological 
data. J Biol Stand; 12: 225–229. 

Stellmann, C., Terre, J., Favre, H., Brun, A., 
Fontaine, J. 1977. Comparison of foot and 
mouth disease vaccine potency testing on 
cattle in terms of the nature of the diluent. 
Arch Virol 54: 61–74. 

Valarcher, J.F., Knowles, N.J., Zakharov, V., 
Scherbakov, A., Zhang, Z., Shang,Y.J., 

Liu, Z.X., Liu, X.T., Sanyal, A., Hemadri, 
D., Tosh, C., Rasool, T.J., Pattnaik, B., 
Schumann, K.R., Beckham, T.R., 
Linchongsubongkoch, W., Ferris, N.P., 
Roeder, P.L., Paton, D.J., 2009. Multiple 
origins of foot-and-mouth disease virus 
serotype Asia 1 outbreaks, 2003–2007. 
Emerg. Infect. Dis. 15: 1046–1051. 

 


