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ABSTRACT 
It is about 50 years that FMD affected the ruminants of Isfahan. Last outbreaks of FMD were happened at 
2005 even vaccinated animals, so in current work using RT-PCR, sequencing and regression "r" values, the 
isolated strains in Isfahan were identified. The aim of this study was molecular epidemiology of FMDV in 
Isfahan province as the central part of Iran in 2006-2009. According to the result , a highly pathogen A05 
strain was isolated from west (Najafabad city) about 2 months after the entrance of this virus to Iran through 
the west and north west margins toward central part and then distributed around 10 cities of Isfahan 
province. Here it is obvious that the A05 strain of Isfahan just showed 1% difference with A05IR (vaccine 
strain), in which for A22 were 65 %. Also based on the alignment of 600 bp of 3΄ end of the VP1 sequences 
of isolated type O  comparing with representative of type O Shabestar vaccine strain and the other provinces 
of Iran, the Isfahan O isolate was 3% distinct from O shabestar vaccine strain. In a random "r" value 
detection of west isolate strain (A /Najafabad/Isfahan/Iran/ 05) against A87IR were 0.35 and  against A05IR 
were 0.73; For O strain, randomly "r" value of center isolate (O/Isfahan/Isfahan/Iran) obtained against  
Iranian O vaccine strain (O Shabestar) were 0.76 and with O 967 (Panasia) were  0.88. Regarding to the 
conclusion, the FMD lived vaccine for Isfahan was improved with A05/Ir FMDV by Razi Vaccine and 
Serum Research Institute (RVSRI). 
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INTRODUCTION 

Foot-and-mouth disease (FMD) is an economically 
important disease of cattle, pigs, sheep and goats 
characterized by vesicle formation inside and around 
the mouth and on the feet and nipples caused by an 
Aphthovirus of the family Picornaviridae. (Barlici-
Maganja & Grom 2004, Callens & Clercq 1997 ). Early 
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detection is essential for effective control of the FMD 
and requires a rapid and sensitive method of diagnosis 
by Maquardt & Freiberg (2000). In addition to the 
classical techniques of virus isolation in tissue culture 
and antigen detection by ELISA, a rapid and sensitive 
RT-PCR method has established as a reliable, fast and 
sensitive method for early FMD diagnosis (Giridharan 
et al 2005, Kitching 1992, Vangrysperre 1996). Some 
investigators applied multi-primer PCR to identify 
genomically or symptomatically related viruses (Nunez 
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et al 1998). Serotypes O, A, C are widely distributed, 
whereas serotypes SAT1, SAT2, SAT3 are normally 
restricted to Africa and serotype Asia1 to Asia 
(Knowles & Samuel 2003) and contain about 85 
subtypes. Up to now, only three serotypes of virus, 
including A, O and Asia1, are identified in Iran and 
firstly reported from 1951; The numbers of outbreaks 
of endemic strains have been controlled   from 2002, by 
a mass vaccination 2 to 3 times yearly (Donal & 
Sumption 2003, Giridharan et al 2005). However, 
serotype A isolates from Iran have been genetically and 
antigenically different from other isolates in the World 
Reference Laboratory  and it was the most circulating 
serotype for producing most variant strains (A22, 
A200, A87). (Gilber Marius et al 2004, Mahravani et al 
2007) The endemic FMDV´s in Isfahan as the central 
part and /or cross road of Iran is important due to 
probable FMDV transportation from east to west and 
vice versa are A,O (up to now) serotypes, (Alamdari et 
al 2006, Mahranani et al 2007) but an epidemic was 
affected all the sensitive animals particularly  the 
younger's (2005-2008). The aim of this study was 
molecular epidemiology for the detection of FMDV in 
Isfahan province as the central part of Iran in 2006-
2009 for better vaccine and quarantine programming. 

MATERIALS AND METHODS 

Area Study. Iran is located in the Middle East and 
24 º to 40 º N and 42 º. 55´ to 65 º E ,Isfahan is located 
in the center of Iran, in the lush plain of the 
Zayandehrood River, at the foothills of the Zagros 
mountain range covering about 106175 km2, this area is 
located at 30˚ .42´  to  34˚.30´  N and 49˚ 36´ to 55˚ E. 
Isfahan province has 23 cities and about 450,000 Cattle, 
3,500,000 Sheep and Goats and about 6000 Camels, 
which totally contain about 6366 farms or 
epidemiological units . 

Animal Study. The population targeted was suspect 
animals including Cattle, Sheep, Goat and Camel in the 
13 affected regions of Isfahan province. 

Clinical samples. During a 3-year period (September 
2006 to September 2009) 75 clinical samples from 

suspect animals showing FMD clinical symptoms were 
collected in a transport buffer and stored at -20˚C for 
next stages. Samples consisted of tongue and 
interdigital epithelia tissues. Three viral vaccine strains 
(cell culture) of types A, O and Asia1 donated by Razi 
Vaccine and Serum Research Institute (Karaj, Iran) 
were used as controls. Healthy tongue tissue sample 
was also used as negative sample. (Mahranani et al 
2007, Reid et al 2006) 

Two dimensional virus neutralization test for "r" 
value calculation. The relationship between the field 
strain and the reference strain is expressed by "r" value. 
This test utilizes a reference serum raised against a 
vaccine strain, Comparison of the serum titers   capable 
to neutralize 50% of the 100 TCD50 of test strains 
,used for calculation regression data (Minitab program) 
as the "r" value which calculated according "Reciprocal 
Logm of (heterologous titre -homologous titre)", (Barnet 
& Stham 2004). 

RNA Extraction, Reverse Transcription PCR and 
Sequencing. Total RNA was extracted from cell 
culture supernatant with using a high pure viral RNA 
kit (Roch), as recommended by the manufacturer’s 
instructions. RNA pellets were resuspended in 20 µl 
nuclease-free water. The RNA sample (14 µl) were 
heated at 90 ˚C for 1 min and then at 70 ˚C for 10 min 
with 20 pmol NK61 primer,  reverse transcription was 
done at 37 ˚C for 60 min in a 40 µl reaction mixture 
containing RT buffer (50 mM), 3 mM MgCl2, 0.5 mM 
(each) dNTPs (Cinnagen, Iran), 20 units ribonuclease 
inhibitor (Fermentas), nuclease-free water and 250 
units moloney-murine leukemia virus (Mo-MLV) 
reverse transcriptase (Fermentas). The reaction was 
stopped at 94 ˚C for 10 min. 5 µl of the RT products 
was combined with 5 µl 10x PCR buffer (100 mM Tris-
HCl, pH 9.0, 500 mM KCl, 15 mM MgCl2), 1 µl of 25 
pmol reverse primer NK61,(GACATGTCCTCCTGCAT 
CTG) 1 µl of 25 pmol forward primer C-612F 
(TAGCGCCGGCAAAGACTTTGA) for type A and C-
244F (TAGCTGGTAAAGACTTTGAGCT), 1 µl of 10 
mM dNTPs, 2.5 Units of Taq Polymerase (Fermentas) 
and adjust to a final volume of 50 µl with nuclease-free 
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deionized water. The thermal cycling profile was 94 ˚C 
for 5 min followed by 50 cycles of 94 ˚C for 45 
seconds, 72 ˚C for 45 seconds and finally 72 ˚C for 10 
min. The PCR product was subjected to agarose gel 
electrophoresis in 1.5 % agarose gels with ethidium 
bromide and subsequent UV exposure (Mahravani et al 
2007, Reid et al 2006, Samuel et al 1998). DNA 
fragments of expected size 865 bp for serotype A and 
1160 bp for serotype O isolates were excised from the 
gel and purified using PCR product purification kit 
(Roch), according to the manufacturer’s protocol. The 
purified PCR products were sequenced using silver 
sequence DNA sequencing system (MWG Company, 
Germany). The primer NK72, was used for cycle 
sequencing (Samuel et al 1988). 

Sequence analysis. Sequence analysis of 600 
nucleotides at the 3' end of Vp1 gene of all samples 
(field isolated and vaccine strain) were subjected to 
phylogenic analysis (Mahravani et al 2007 ), and was 
analyzed using DNAMAN program. DNA sequencing 
analysis of the viruses that have about 5% or less 
differences in nucleotide sequence, considered as 
closely related (Aktas 1998). 

RESULTS 

Table 1 shows the Frequency (F) and Relative 
Frequency of the farms epidemiological units in 
Isfahan province (2008). Table 2 shows the geographic 
distribution of the isolated FMDV serotypes in the 
different cities of Isfahan province using RT-PCR 
technique (2006-2009). In table 3 the isolated FMDV 
strains of the different regions of Isfahan province were 
showed relation to A and O serotypes. Table 4 presents 
the Frequency (F) and Relative Frequency (RF) of 
FMDV isolated serotype in the different infected 
species in the Isfahan Regions. Regarding to the results 
of the study, the A serotypes isolated of Isfahan 
province were related to A/iran/05 virus groups and 
A87IR, but the isolated O serotypes showed a close 
relationship with Iranian vaccine strain of Shabestar 
and O967. Based on the alignment of 600 bp of the 3΄ 
end of the VP1 sequences of isolates type A from 

outbreaks in Isfahan compare with representative of 
type A22IR isolate identified previously and new 
vaccine strains A05, A87 Iranian vaccine strain, it was 
obvioused that the A05 strain of Isfahan just showed 
1% difference with A05IR (vaccine strain), in which 
for A22 were 65 %. Also based on the alignment of 600 
bp of 3΄ end of the VP1 sequences of isolated type O 
from the outbreaks comparing with representative of 
type O Shabestar vaccine strain and the other provinces 
of Iran ,it was oriented that Isfahan O isolate  was 3% 
distinct from O shabestar vaccine starin. 
Table 1. The Frequency (F) and Relative Frequency of the farms 
epidemiological units in Isfahan province (2008). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
The "r" values detected by antigenic characterization of 
the virus between different Isfahan isolate and vaccine 
strains (A05 and A87) and Iranian O virus strain (O 
Shabstar and O967), showed that most of viruses from 
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isolated field have antigenically and genetically close 
relationship. In a random "r" value detection of west 
isolate (A/Najafabad/Isfahan/Iran/05) strain with 
A87IR were 0.35 and with A05IR were 0.73, here the 
country average "r" value for field virus type A with 
A87IR were 0.46 and with A05IR were 0.7.  
Table 2. Geographic distribution of the isolated FMDV serotypes in 
the different cities of Isfahan province using RT-PCR technique 
(2006-2009). 

 
Table 3. FMDV isolated serotypes distribution in the Isfahan Regions 
by RT-PCR(2006-2009). 

 
 
  

 
 
 
 
 
 

 
 

Figure 1. Dendrogram of VP1 region(600 n) of the Isfahan isolated 
A type FMDV(Isfahan provienc) comoparing with vaccine strain. 
 

 
 
 
 
 

Figure 2. Phylogenic graph of the O type FMDV isolated from 
Isfahn city comparing with O Shabestar (Vaccine strain). 
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virus (24.8%). Based on the results from dendrogram in 
figure 2, the O type virus isolate showed close 
genetically relationship to vaccine strains virus O 
Shabestar. 
Table 4. The Frequency(F) and Relative Frequency(RF) of 
FMDV isolated serotype in the different infected species in the 
Isfahan Regions(2006-2009). 

 

DISCUSSION 

 FMDV antigenic variation is due to spontaneous 
mutation (Donel & Sumption 2003) and exhibit a major 
antigenic variation in VP1 and/or some minor antigenic 
variation on VP2 and VP3, New FMDV mutant could 
escape to neutralize by antibodies (Maquardt, Freiberg 
2003). The FMDV  A/iran/05 strain in Isfahan 
province, frstly isolated  from  Golpayegan and  Najafabad 
city  (West), then in Isfahan (Center) and other cities  
(Aran va Bidgol, Borkhar va Meymeh, Khomeinishahr, 
Dehaghan, Zarrinshahr, Falavarjan, and Lenjan) as 
epidemiologic distribution map of FMDV (Tables 1, 2, 
3  and 4).  Most of type A viruses that isolated from 
different regions of Isfahan and sequenced were closely 
same as A/Iran/05 (A05IR) which first detected  during 
August 2005 ,but were distinct from A87IR.The 
nucleotide difference between A05 IR and the other 
Iranian A virus isolated previously  was over 30% as 
much as A87IR vaccine strain but antigenic study ("r" 
value) showed that the field viruses type A were 
partially related to the vaccine strain A87IR; The "r" 
value less than 0.4 (40%) means far relationship  
between two viruses(Aktas 1998, Maquardt & Freiberg 
2000), so changing the vaccine strain is needed, as 
replacing the A87IR with A05IR in Iranian  FMD 
vaccine (Mahravani et al 2007). As the tables 1 to 4, 

and figures mentioned, the most distribution of 
different serotypes in Isfahan province, is dependent 
upon geographic location of the farms, from West to 
center and then toward North and South . The 
compactness of the farms, rate of  carrier and/ or 
infected case transporting from west and north west 
margins of the country toward the central parts, arrived 
the A05 strain about 2 months to Isfahan (as the central 
part of Iran) and for about 1 month the virus entered the 
10 cities of the Isfahan. The outbreaks of the disease 
were complicated in simultaneously infection by new 
A05 strain and O serotypes that showed   a little 
difference in genomes comparing the vaccinal strains 
(A87, O), results changing the feature of the FMD. 
Here the most contagious strains was A05 and then O, 
and sensitivity of Cattle, Sheep, Goat and Camel to 
FMD decreased respectively in the field. Due to a high 
concentration of the cattle farms in Isfahan Province 
and its first score in milk production in IRAN, a good 
quarantine programming and improvement vaccine 
included new A05 and O strains was recommended for 
controlling  FMD in Isfahan Province.  
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