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Abstract 

Eighty seven samples from (Buffy coat, saliva, nasal swabs, tongue epith. Buckel swab, pharyngeal 

fluid and rectal swabs) were collected and identified using Indirect sandwich ELISA for Antigen 

detection and serotyping of foot and mouth disease virus, serotyps  (A, O, SAT2, C, Asia). 

The result revealed 33 samples out of 87 were positive (16) serotype A, (10) serotype O, (7) sero-

type SAT2. 

By using (RT-PCR) the results demonstrated that all serologically positive samples were positive. 

Sequencing and phylogenetic analysis of the amplicons obtained from positive RT-PCR samples 

were done.  

 

Keywords: FMDV, ELISA, PCR2. 

Introduction 

Foot and mouth disease (FMD) is the most im-

portant disease of the international organiza-

tion epizooties (OIE), and one of the most con-

tagious disease among domestic animals 

(Carrol  et al., 198 4;  OIE/FAO/WHO, 

1996; Saiz et al., 2002 and Michael et al., 

2007 and Kasambula et al., 2012).   

FMD is caused by that’s belongs to MDV  

Family picornaviridae virus, of genus A 

phtoho virus.  it contains a single stranded 

RNA molecule. The virus has seven major 

serotypes: A, O, C, SAT1, SAT2, SAT3 and 

Asia, 1, infection with one serotype doesn’t 

confer immunity against another. The virus is 

easily spread by several means, the most im-

portant arebeing recovered animals or products 

from such animals (Anthony and Werner, 

1992). 

The disease is characterized by the formation 

of vesicles in the mucosa of the mouth, exter-

nal nares and in coronary band of claws, other 

areas including udder and teats. Lameness is 

seen reduced lactation mastitis and abortion 

are common clinical signs range from a mild 

or in apparent infection to one that is sever. 

Death may result in some cases, mortality from 

a myocarditis is most common seen in young 

animals myositis may also occur in other sites 

(FAO, 1984). 

Methods for the diagnosis of foot and mout 

disease consistent with office International des 

Epizooties (OIE) standards for FMD diagnosis 

include: antigen-capture ELISA for viral anti-

gen typing, several molecular diagnostic meth-

ods have also been developed for detection of 

framents of FMD genome within viral samples 

such as multiplex RT-PCR, typing RT-PCR 

and real time RT-PCR (Lu et al., 2008). 

 

The aim of this  study 

Trials for isolation and identification of the 
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FMD virus by inoculation on BHK cell line” 

and virus identification by antigen capture 

ELISA, real time PCR and conventional RT- 

PCR sequencing for new field isolates  and 

matching on Gene Bank. 

 

Materials and Methods 

Samples: for Virus isolation 

A total number of (87) samples wear collected 

from clinically infected sheep and goats from 

different localities (Cairo, Dakahlia, Menia, 

Gharbia, Mounofya, Kalubia, Suez, Alexan-

dria, Al-Fayoum and Ismailia) (8) samples 

(Buffy coat), (15) samples (Saliva), (31) sam-

ples (Nasal swabs), (4) samples tongue epith., 

(16) samples (Buccle swabs), (3) samples (Or 

pharyngeal fluid) and (10) samples (Rectal  

swab). were collected as a source of virological 

specimens, samples of tongue epithelium and 

buckle cavity and three vesicular fluid samples 

were collected from clinically suspected sheep 

and goats showed oral lesions by sterile scis-

sor, and then were placed in sterile bottles con-

taining 50% glycerin buffer saline PH 7.2, It 

was used for FMDV identification by, ELISA, 

trials of FMDV isolation on BHK-21 cell line 

and detection of FMDV RNA by polymerase 

chain reaction (RT-PCR) as shown in table 

(1). 

Table (1). Number & types of Samples collected from Egyptian governorates for FMD virus Detection and 

Isolation:  

Gov. 
Buffy 

coat 
Saliva 

Nasal 

swabs 

Tongue 

epith. 

Buckle 

swabs 

Oro-              

pharyngeal 

fluid 

Rectal  

swabs 
Total 

Cairo 0 0 10 0 0 0 0 10 

Dakahlia 0 6 10 0 0 0 10 26 

Ismailia 0 0 6 0 3 0 0 9 

Gharbia 6 0 0 0 9 0 0 15 

Mounofya 1 0 5 0 3 0 0 9 

Kalubia 0 8 0 0 0 0 0 8 

Suez 1 1 0 1 0 0 0 3 

Alexandria 0 0 0 0 0 3 0 3 

Al-Fayoum 0 0 0 3 0 0 0 3 

El-Menia 0 0 0 0 1 0 0 1 

Total 8 15 31 4 16 3 10 87 

Materials used for FMD virus isolation on  

BHK-21 cell line: 

Tissue culture media and Solutions 

Minimum Essential Medium (MEM 

Cell culture media). 

Baby hamster kidney cell line (BHK-21) was 

obtained from Animal Health Research Insti-

tute, Dokki, Giza (Virology Department) was 

used for viru isolation According to Ada-

mowicz et al., (1974) Clarke and Spier 

(1980). 

Detection FMD virus antigens by Antigen-

Capture  ELISA and serotyping A, O, C, 

ASIA, SAT 1, 2)  

Supplied by Izsler- Itali  

The assay is a sandwich ELISA performed 

with selected combinations of anti-FMDV 

monoclonal antibodies (MAbs), used as coated 

and conjugated antibodies. 

The test can be applied for detection and typ-
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ing of FMD viruses in homogenates of epithe-

lium vesicles and vesicles fluid. Only in these 

clinical samples the FMD virus usually 

achieves the concentration required to provide 

a positive signal in ELISA assays. 

The kit is designed for detection and typing of 

viruses of type O, A, C, Asia1, SAT1 and 

SAT2. A pan-FMDV test, detecting any iso-

lates of type O, A, C, and Asia1 and addition 

some of SAT serotypes is also included in the 

kit to complement the specific typing and to 

detect FMD viruses which might escape bind-

ing to the selected type-specific MAb. 

Microplates are supplied pre-coated with 

catching MAbs and positive inactivated con-

trols are already incorporated onto plates. 

Criteria for test validity 

The positive navigated controls are expected to 

give OD values of ≥ 1.0 unit. 

The negative controls for serotypes O, A, C, 

Asia1 and pan-FMDV are expected to give OD 

values < 0.1. 

The negative controls for serotypes SAT1 and 

SAT2 are expected to give OD values ≤ 0.2. 

 

Interpretation of results 

Results for the samples examined are interpret-

ed as indicated in the table blew. After subtrac-

tion of the OD value of each negative control 

from the OD value measured for samples with  

the corresponding catching Mab. 

Negative for FMDV OD < 0.1. 

FMDV positive type O OD ≥ 0.1 with the type O MAb and with the pan-FMDV MAb. Some 

samples may cross-react with the 1stMAb type A, but OD values with 

MAb O are higher. 

FMDV positive type A OD ≥ 0.1with at least one of the two type A MAbs and with the pan-

FMDV MAb 

FMDV positive type Asia1 OD≥0.1with the type Asia1 MAb and with the pan-FMDV MAb 

FMDV positive type C OD ≥ 0.1with the type C MAb and with the pan-FMDV MAb 

FMDV positive type SAT1 OD ≥ 0.1with the type SAT1 catching MAb 

Some samples could be positive also with the pan-FMDV MAb 

FMDV positive type SAT2 OD≥0.1. 1with the type SAT2 catching MAb 

Some samples could be positive also with the pan-FMDV MAb 

FMDV positive type (untyped) OD ≥ 0.1with the pan-FMDV catching MAb and <0.1 with the type 

specific MAbs 

Note: OD values ≥ 0.05 and < 0.1 should be considered suspect and should be retested. New samples or further investi-

gations by other diagnostic tests be required. An example of results  

Identification of FMD virus by using RT 

PCR 

Extraction of RNA from collected samples  

 Method for Extraction of RNA: 

RNA extraction was carried out using the 

Patho Gene-spinTM DNA/RNA Extraction Kit 

(iNtRon biotechnology) according to manufac-

turer’s instructions of the kit. 

 

Agarose gel electrophoresis procedure  

Using  AmpliTaq Gold® 360 Master Mix. The 

PCR reaction mixture was adjusted to 25 μl as 

recommended by kit  
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Sequencing of the PCR products  
Primers  

FMD serotype Primer Sequences 5’-3’ Location Amplified product 

A 
Short A   

750 bp 
NK61 GAC ATG TCC TCC TGC ATC TG 2B 

Primers 

FMD serotype Primer Sequences 5’-3’ Location Amplified product 

O 
Short O   

283 bp 
NK61 GAC ATG TCC TCC TGC ATC TG 2B 

Primers 

FMD serotype Primer Sequences 5’-3’ Location Amplified product 

SAT2 
SAT2 Fcl GTAACCCGCTTTGCCATC 1D 

288 bp 
SAT2 Rcl CGCGTCGAATCTGTCTCTG 1D 

Data was applied by MARS (MARS is a new version of BMG LABTECH,S 

Methods used for sequence reaction BigDye® Terminator v3.1 Cycle Sequencing Kit: 

Thermal Profile (Fast PCR Machine) for Staphylococcus aureus enterotoxin (B,C)  

Results 

Eighty seven (87) samples from Buffy coat, 

saliva, nasal swabs, tongue pith., buckle swab, 

or pharyngeal fluid and rectal swabs were col-

lected from Egyptian governorates (Alexa-

ndria, Dakahlia, Gharbia, mounofya, Kalubia, 

Cairo, Suez, Ismailia, Al-Fayoum and El-

Menia) Table (1) were identified and serotypes 

using indirect sandwich ELISA. It was ob-

served out of 87 samples (16) were +ve sero-

type A, (10) were  +ve  serotype O and (7) 

samples were Serotype sat2 as shown in Ta-

bles (2). 

Table (2). Detection of FMDV antigen in samples of sheep and goat  by using: FMD virus antigens detection 

ELISA serotyping (A, O, C, ASIA, SAT 1, 2)  

Gov. 
Total 

samples 
Serotype A Serotype O Serotype SAT2 

Total 
+ve 

Cairo 10 2 0 0 2 

Dakahlia 26 4 8 1 13 

Ismailia 9 3 1 0 4 

Gharbia 15 0 0 1 1 

Mounofya 9 0 0 0 - 

Kalubia 8 4 0 3 7 

Suez 3 0 0 1 1 

Alexandria 3 3 0 1 4 

Al-Fayoum 3 0 1 0 1 

El-Menia 1 0 0 0 - 

Total 87 16 10 7 33 

out of 87 samples (16 ) were +ve serotype A, (10) were  +ve  serotype O , (7) samples were Serotype sat2 ,  
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Isolation and  Identification of FMD virus: 

Isolation of FMD virus from samples col-

lected from sheep and   goats in Egyptian 

governorates: 

From 33 positive FMDV samples by ELISA, 

were inoculated and adapted on BHK21cell 

line. (16 +ve samples)  was observed that the 

CPE was developed early (within 24-48h) with 

rapid progression by two serial successive pas-

sages and the infected cell culture was charac-

terized by cell rounding, cell aggregation and 

clusters and partially sheet detachment.. Ta-

bles (3 ). 

Table (3). Virus isolation and adapted on BHK21 cell culture from +ve samples  with FMDV antigen detec-

tion ELISA  

Gov. 
Total 

sample 

Buffy 

coat 
Saliva 

Nasal 

swab 

Tongue 

epith. 

Buccle 

swabs 

Oro-

pha. 

fluid 

Rectal 

swab 

Total 
+ve 

Cairo 2 0 0 1 0 0 0 0 1 

Dakahlia 13 0 0 4 0 0 0 0 4 

Ismailia 4 0 0 1 0 1 0 0 2 

Gharbia 1 1 0 0 0 0 0 0 1 

Mounofya 0  0 0 0 0 0 0 0 0 

Kalubia 7 0 3 0 0 0 0 0 3 

Suez 1 0 0 0 1 0 0 0 1 

Alexandria 4 0 0 0 0 0 3 0 3 

Al-Fayoum 1 0 0 0 1 0 0 0 1 

El-Menia 0 0 0 0 0 0 0 0 0 

Total 33 2 3 31 4 2 3 0 16 

Table (3). Showed (16) out of (33) were isolated on T.C. from different samples  

Characterization and Identification FMDV 

isolates:                                        

Detection of FMDV antigen in isolates sam-

ples of sheep and goat  by using: FMD virus 

antigens detection ELISA and serotyping 

(A, O, C, ASIA, SAT 1, 2): 

Serological identification of 16 FMDV isolates 

by antigens detection ELISA and serotyping 

(A, O, C, ASIA, SAT 1, 2): revealed that 

FMDV is serotype A, O and SAT2 isolates 

was identified in 7, 4 and 1 samples respec-

tively. Tables (4). 

Tables (4). Identification of 16 FMDV isolates by antigens detection ELISA and serotyping (A, O, C, ASIA, 

SAT 1, 2)  

Total samples Serotype A Serotype O Serotype SAT2 
Total 
+ve 

16 7 4 1 12 
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Molecular diagnosis: 

Results of reverse transcription PCR (RT –

PCR) on extracted viral RNA: 

RT-PCR was performed on the extracted RNA 

of FMDV isolates by using specific primer for 

O, A and SAT2 serotypes to amplify the VP1 

coding region fragment of FMDV. All serolog-

ically ELISA positive isolates for FMDV sero-

types O and Agave positive results with RT-

PCR. While  serotypes SAT2 gave negative.  

The FMDV type O resulted in a positive PCR 

signal at 283bP while FMDV type A gave a 

band at 750 bP with variable intenisity on eth-

idium bromide gel (fig 1, 2) 

The results of PCR amplification revealed the 2 isolates from sheep samples for serotype O 

were positive as shown in (Fig1).  

Fig. (1): GEL electrophoresis of  FMD type O   

5 positive samples  

6 positive control 

7 negative control 

8 Marker 283bP   

The results of PCR amplification revealed the 2 isolates from goat samples for serotype A were 

positive as shown in (Fig2).  

Fig. (2): GEL electrophoresis of FMD type A PCR  

4 positive samples  

5 positive control 

6 negative control 

7 Marker 750  BP 
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Results of phylogenetic tree of  FMD local 

isolates with different known isolates 

Three nucleotide sequences of the 2 isolates 

were aligned using Bio Edit Bioinformatics 

program version 7.0.8 after sequence trim-

ming. The aligned fragment were utilized us-

ing different global FMDv isolates for con-

struction of phylogenetic tree using MEGA 

(Molecular Evolution Genetic Rectalysis) pro-

gram version 4.0 by neigh hour – Joining 

method. 

Fig. (3): Sequencing and phylogenetic rectalysis of serotype O:- 

O-EAST AFRICA  3 

ATTCTCGACAGATTTGTGAAGGTAACACCACAACCCCAAACAAGCGTGTTGGAC-

CTGATGCAGACCCCCCCACACACGCTGGTCGGGGCGCTCCTCCGCTCTGCTACCT

ACTACTTTGCAGACCTTGAAGTGGCAGTGAAGCACGAGGGGAACCTCACGTGGGT

CCCCAACGGGGCGCCAGAAACAGCTCTGGACAACACAACCAACCCAACAGCCTAC

CACAAGGCACCACTTACTCGGCTTGCCCTGCCATACACGGCGCCACACCGCGTGC

TTGCAACTGTCTACAACGGGGGTTGCAAGTACGGTGAGGCTCGGGAGACCAATGT

GAGAGGTGACCTCCAAGTCTTGGCCCAGAAGGCAGCCCGAACAC 

Fig. (4): Results of phylogenetic tree for serotype O 

Figure (4). Phylogenetic tree for partial VP1 sequence of our FMDV type O local strains compared with other FMDV 

type O reference sequence obtained from Greenback database. The scale bar represents the number of substitutions per 

nucleotide. our FMDV type O local strains from the present study is indicated by black angular 
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Fig. (5): Identity and divergence % of type o  

Percentage of nucleotides identity between FMD serotype O Egypt Strains with the published reference strains on Gene 

bank based on VP1 

Results of nucleotide sequence of three rep-

resentive positive samples for FMD serotype 

A 

Three positive viral samples were selected for 

sequencing Sequencing, Editing and trimming 

all sequences was reanalyzed using Bio edit 

program version 7.0.8 for alignment. Phyloge-

netic tree was constructed for obtained se-

quence with represented strains of FMD ex-

tracted from the Gene Bank using MEGA pro-

gram version 5.05 the obtained sequence and 

constructed tree are shown in fig (2).   
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CTTGTGTCTGTCGTGCGACAACACTTCCACTGCCAGCAGAGGCCTGGGGCAG-

TAGAGTTCGGCACGTTTCATGCGCACGAGAAGCTCGTGGATGGTCGTGGCCCGGA

TTGCACCAAAGTTGAAAGAGCTGGGTAACTGTGCGGCGACCCGCGCCGCAAGAGA

CCCCAGGTCACCCCTTCTACCACCACCAGTTGCAGAGTACTTGCTTACTCCGTTGT

ACACCGTTGCCAACACTCGGTGTGGCGCGGTGTAAGGGAGCGCGAGTCTGGTAAA

TGGCTGCTTGTGGTAGGCGGTGGGGTTGCTTGTGTTGTCCAAGGCTTGTTCAGGT

GCTCCATTGGGTACCCACGTCAAGTTGCCATCGTGACGCACCACAATCTCC  

Fig. (6): Sequencing and phylogenetic rectalysis of serotypeA:- 

Sample no 1--fmd type A  

Fig. (7): Phylogenetic rectalysis of type A :-  
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Figure (8). Phylogenetic tree for partial VP1 sequence of our FMDV type A local strains compared 

with other FMDV type A reference sequence obtained from GenBank database. The scale bar repre-

sents the number of substitutions per nucleotide. Our FMDV type A local strains from the present 

study is indicated by black rectangular.  

Fig. (9): Identity and divergence %OF type A :--  

Percentage of nucleotides identity between FMD serotype A Egypt Strains with the published reference strains on Gene 

bank based on VP1: 



147 

Animal Health  Research Journal Vol. 7, No. 1,  March  2019                                                        pp. 137-152 

Discussion 

Foot and mouth disease is a highly devastating 

and debilitating viral disease with highly con-

tagious nature affecting cloven hoofed animals 

with an extremely wide host range including 

cattle, buffaloes, sheep, goats, pigs and camels 

and more than 70 wildlife species (Alex-

anderson et al., 2003; Jamal and Belsham, 

2013). 
The disease is caused by 7 immunologically 

distinct serotypes, O, A, C, Asia 1, South Afri-

can Territories (SAT) 1, SAT 2, and SAT 3, 

which belong to the species Foot-and-mouth 

disease virus (genus Aphthovirus, family Pi-

cornaviridae). Several of these serotypes circu-

late currently or periodically in the Middle East 

and North Africa (Musser, 20004). (Knowles 

et al.,2003) with no cross protection against 

others So it is important to take account of the 

characteristics of the different serotypes in 

controlling disease in endemic countries. 

FMD virus has 4 structural proteins (SP) (VP1, 

VP2, VP3 and VP4). Different population of 

antibodies are elicited during viral replication 

in sheep directed against the non-structural 

proteins L, 2A, 2B, 2C, 3A, 3B, 3C and 3 D 

(Brocchi et al.,1989; O I E, 2000; Kitching, 

R. P.  2002 and Pereda et al., 2002), regard-

less the sheep exhibited symptoms of disease 

or not (Berger et al., 1990). (Rweyemamu et 

al., 2008). 

In Egypt, Three types of FMDV are endemic in 

Egypt and the numbers of outbreaks have in-

creased in different provinces (Ahmed et al., 

2012). Between 1960 to 2005, only serotype O 

was reported in Egypt Where a routine prophy-

lactic vaccination has been conducted with  

A total number of (87) animals samples from 

different localities  (Cairo, Dakahlia, Menia, 

Gharbia, Mounofya, Kalubia, Suez, Alexan-

dria, Al-Fayoum and Ismailia.) as shown in 

(Table 2). 

Samples were initial screened using antigen 

detection ELISA which is the preferred proce-

dure for the detection of FMD viral antigen 

and characterization of viral serotype. ELISA 

preferred over Complement fixation test for 

detection and type differentiation of FMD vi-

ruses in epithelial samples, vesicular fluid and 

cell culture fluids because it is not affected by 

anticomplementary factors (Hamblin et al., 

1984; Roeder and Le Blanc Smith, 1987; 

Ferris and Dawson, 1988) 
samples identified and serotypes using indirect 

sandwich ELISA. It was observed out of 87 

samples (16) were +ve serotype A, (10) were  

+ve  serotype O and (7) samples were Serotype 

sat2 as shown in Tables (2). 

Data obtained in Table (2) in agreement with 

Longjam et al., (2011) that demonstrate that 

ELISA could detect FMDV in (53.57%) and 

Ibrahim et al., (2015) who stated that serotype 

O is predominant in Egypt and may be subject-

ed to nucleotide sequence variability compared 

to the others so need continuous follow up. 

These findings were in agreement with the re-

sults of recent outbreaks occurred in Egypt 

where Diab et al., (2015) stated that the out-

breaks during 2013-2014 that occurred in some 

Egyptian governorates caused by the three 

FMDV serotypes O, A, SAT2 with high preva-

lence to serotype O with (6.8%). Also Rady et 

al., (2014) who mentioned that the three 

FMDV serotypes O, A, SAT2 were responsible 

for 2012-2013 outbreaks that occurred in three 

northen Egyptian governorates where serotype 

O is the most predominant. 

However, negative ELISA result not necessari-

ly mean that the sample is truly negative as it 

may contain insufficient virus concentrations 

for the ELISA to detect. So, such suspensions 

are routinely inoculated into sensitive BHK 

cultures in attempts to amplify the virus and 

visualize CPE (Reid et al., 2001). 

From 33 positive FMDV samples by  ELISA, 

were inoculated and adapted on BHK21cell 

line. (16 +ve samples)  was observed that the 

CPE was developed early (within 24-48h) with 

rapid progression by two serial successive pas-

sages and the infected cell culture was charac-

terized by cell rounding, cell aggregation and 

clusters and partially sheet detachment. Tables 

(4). Trails for propagation on BHK-21 cell line 

from 33 positive samples (by ELISA) that ex-
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amined daily for 3 successive days for CPE 

(Shawky et al., 2001). According to Paixão et 

al. (2008) viral isolation from vesicular fluid 

and oral epithelium on BHK-21 is the most 

reliable diagnostic method, So This result was-

n’t predicted. Negative results may be due to 

delayed reporting of disease and late sample 

collection, Secondary bacterial infection, phys-

ico-chemical stresses (elevated Temperatures, 

pH changes) which lead to a reduction in 

FMDV infectivity.  

These results agree with agree with Anderson 

(1969); Baranowski et al., (2000); Mackay et 

al., (2001) and Airaksinen et al., (2003). Who 

reported that Buffy coat, OPF and Epithelial 

tissue were samples of choice for FMD virus 

isolation and BHK21 cells were always more 

sensitive than sheep tongue to infection with 

any of the strains of FMD but not in agree with 

Marquardt et al., (1995) who reported that the 

nasal discharge is a suitable material to detect 

FMD by RT-PCR even at an easily stage of 

infection, when clinical signs have not yet de-

veloped. 

Serological identification of 16 FMDV iso-

lates by antigens detection ELISA and serotyp-

ing (A, O, C, ASIA, SAT 1, 2) :revealed that 

FMDV is serotype A, O and SAT2 isolates was 

identified in 7, 4 and 1 samples respectively. 

Tables (4). 

ELISA (enzyme-linked immune sorbent assay) 

and Virus isolation and are the gold standard 

tests for diagnosis of FMD based on their suit-

ability to detect the presence of FMDV antigen 

in tissue samples but these methods are time 

consuming and their effectiveness for diagno-

sis is compromised as Virus isolation depend 

on the presence of infectious virus in sample 

while the ELISA can detect both infectious and 

non-infectious FMD viral antigen but in suffi-

cient concentration (1-2 ng/ml) If neither of 

these two conditions is met then FMDV will 

not be recognized. Consequently, assays based 

on viral nucleic acid amplification have been 

developed where the Real Time-PCR proce-

dures have been evaluated at the world refer-

ence laboratory (WRL) for the routine diagno-

sis of FMD virus where it can detect a small 

fragment of FMDV genomic RNA, not just 

live virus in low concentration with high sensi-

tivity and in short time (one day compared to 

four days in ELISA/VI) (Shaw et al., 2004, 

Reid et al., 2001) while Reid et al., (2002), 
stated that Real Time-PCR may have the great-

er sensitivity over the conventional RT-PCR 

procedure, ELISA and virus isolation for the 

diagnosis of samples containing low concentra-

tions of virus which are neither detected by the 

ELISA nor produce a CPE in cell cultures with 

fast and quantitative assessment of the virus. 

Diagnosis of FMDV.  

The Conventional reverse-transcriptase PCR 

RT-PCR is reliable, simple to perform method. 

However, it is not sufficiently superior to re-

place ELISA and virus isolation for the diagno-

sis of FMD virus but could be used in combi-

nation with them (Reid et al., 1999, 2000). 

While (Locher et al., 1995), Stated that re-

verse transcription PCR followed by nucleotide 

sequence analysis of the PCR products is use-

ful for the rapid detection and differentiation of 

foot-and-mouth disease virus. 

In the present study RT-PCR was performed 

on the extracted RNA of FMDV isolates by 

using specific primer for O, A and SAT2 sero-

types to amplify the VP1 coding region frag-

ment of FMDV. All serologically ELISA posi-

tive isolates for FMDV serotypes O andA gave 

positive results with RT-PCR. While  serotypes 

SAT2 gave negative (fig 1 & 2). 

These results were in accordance with Reid et 

al., (2014) and who used antigen detection 

ELISA, Virus isolation, Real time RT-PCR 

and Conventional PCR for FMDV detection in 

animal clinical samples. 

In the current study three nucleotide sequences 

of the six isolates were aligned using Bio Edit 

Bioinformatics program version 7.0.8 after 

sequence trimming. The aligned fragment were 

utilized using different global FMDv isolates 

for construction of phylogenetic tree using 

MEGA (Molecular Evolution Genetic Rectaly-

sis) program version 4.0 by neigh hour – Join-

ing method. 
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Phylogenetic tree for partial VP1 sequence of 

our FMDV type O local strains compared with 

other FMDV type O belong to Topotype EA-3 

(East Africa-3) reference sequence obtained 

from Greenback database. The scale bar repre-

sents the number of substitutions per move-

ment and presence of area not covered by con-

trol programs with 98% nucleotide identity be-

tween each other and 86.4%, 89% identity re-

spectively with O/sud/8/2008 (Kj831705.1) 

while (81-85%) nucleotide identity with vacci-

nal strains used O/EGY/3/93 (EU553840), O1/

Manisa/Turkey/69 (AJ251477), O1/ Sharquia/

EGY/72 (DQ164871). This result is in agree-

ment with (Rady et al., 2014) who detect the O

-EA-3 topotype first appearance in Egypt at the 

end of 2013 and the beginning of 2014 that dif-

fer from the vaccinal strain used and recom-

mend to include this Topotype in the vaccine 

for maximum protection also confirm it's intro-

duction through un controlled trans boundary 

animals movement.  

Consequently, as type O field strains (O-EA3 

topotype) has high nucleotide divergence from 

the vaccinal strains used O/EGY/3/93 (EU5-

53840), O1/Manisa/Turkey/69 (AJ251477), 

O1/ Sharquia/EGY/72 (DQ164871) with nucle-

otide identity (81-85%) and according to 

(Samuel and Knowles, 2001) the cut off value 

for the FMDV topotypes division is 15% and 

(Jamal and Belsham, 2011) there may be no 

complete cross protection between subtypes of 

the same serotype. So, there is a need to inves-

tigate the cross protection between detected 

strains and the currently used vaccine. 

For the VP1 sequencing of the detected sero-

type A (3)Three positive viral samples were 

selected for Sequencing, Editing and trimming 

all sequences was rectalyzed using Bioedit pro-

gram version 7.0.8 for alignment. Phylogenetic 

tree was constructed for obtained sequence 

with representive strains of FMD extracted 

from the Gene Bank using MEGA program 

version 5.05 the obtained sequence and con-

structed tree are shown in   fig  (5 and  6). 

Phylogenetic tree for partial VP1 sequence of 

our FMDV type A local strains compared with 

other FMDV type A results revealed that it be-

longs to Asia topotype lineage A-Iran-05 refer-

ence sequence obtained from GenBank data-

base. The scale bar represents the number of 

substitutions per nucleotide. Our FMDV type 

A local strains from the present study is indi-

cated by black rectangular. Where it was close-

ly related to the strains that cause outbreaks 

between 2009 and 2013 and the vaccine strain 

used in Egypt A/EGY/1/2012 (KC440882) by 

96%. While it was different from historical 

serotype A strains identified in Egypt from A 

(African topotype) A/EGY/1/72 (EF208756) 

and A/EGY/1/2006 (KF112902) and A/EGY/1/

Sharquia/2009 (JF749843) that caused out-

breaks in 1972 and between 2006 and 2009 . 

The Asian strain originated in Iran in 2005 and 

then spread to the nearby countries Pakistan, 

Turkey and then Bahrain 2008 (Knowles et al., 

2009); FMDV serotype A Asian topotype (Iran

- 05 lineage) was the cause for different Egypt 

governorates outbreaks between the years 

2009, 2010 and isolated in Egypt during 2012 

outbreaks . 

 

Conclusion 
The continuous monitoring of FMDV genetic 

changes with establishment of national data 

base of the origin and FMDV genetic changes 

to control the disease and all-over country sur-

veillance of the FMDV strains to study FMDV 

spread is a necessary issue (EL-Shehawy et 

al., 2011). Moreover, strict quarantine mea-

sures on imported live animal and animal prod-

ucts is of great necessity to prevent other 

FMDV serotypes incursion (Balinda et al., 

2010). With frequently conducted molecular 

epidemiology to FMDV to detect the virus 

origin of the emerged outbreaks and the muta-

tion and evolution occurred to the virus (about 

1% per year changes in the VP1 genes of the 

FMDV serotypes) (Abd EL hamed et al., 

2011) so effictive and appropriate FMD vac-

cines should be continuously changed after 

cross protection studies due to continuous in-

troduction or mutation of new strains to pro-

tect against the disease. Also country has to 
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implement an effective vaccine strategy includ-

ing financial supports and vaccination in re-

mote area.  
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