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BACKGROUND 

Foot and mouth disease (FMD) is an acute and highly contagious disease of domestic and 

wild cloven-hoofed animals with severe economic consequences worldwide (kasambula et al., 

2012). Clinically, FMD is characterized by the formation of vesicles in the tongue, nose, muzzle 

and coronary bands of infected animals also it causes reduction or loss of milk production in 

lactating animals and deterioration in body conditions (Bchrach, 1968). The disease is 

transmitted by direct and indirect contact with secretion or excretion from acute infected animals 

and contaminated fomites including air borne infection (Alexandersen et al., 2000).  

FMD caused by FMDV belonging to the genus Aphthovirus, family Picornaviridae. The 

virus has seven immunologically distinct serotypes (O, A, C, SAT1, SAT2, SAT3, and Asia1 

(ICTV, 2002). FMD virus is a small non-enveloped, icosahedral symmetry and contains asingle-

stranded, positive sense RNA molecule of approximately 8,500 nucleotides (nt). The FMDV 

genome is classified into (i) 5' un-translated region(UTR), which contains non-coding nucleic 

acids that carry many regulatory elements; (ii)protein coding region (ORF), which codes for both 

structural and non- structural proteins; and(iii) 3' UTR or non-coding region, which carries 

regulatory functions and has apoly-A tail (Carrillo, 2012). 

ABSTRACT 

Background: Foot and mouth disease (FMD) is one of the most contagious diseases among domestic 

animals. FMD is endemic in most of Africa, Asia and most parts of South America with sporadic 

outbreaks in Europe resulted of spread from the Middle East. However, serotype O, A and SAT2 were 

identified as the cause of outbreaks in Egypt since 1953 until now . 

Methods: collected samples were tested with the rapid antigen detection kit for FMD virus as well as 

ELISA test. Some positive samples were serotyped using PCR specific primers and isolated on BHK-

21 to detect their pathogenicity. Representative viruses were sequenced and phylogenetically analyzed 

together with other reference isolates. 

Results: We identified the three different FMD virus serotypes “O, A and SAT2” circulated in Egypt 

during 2014-2015. The infection was identified by using the routine diagnostic method “ELISA” and 

the rapid detection test “lateral flow device”. The results showed high sensitivity and specificity of the 

LFD with 95% and 100%, respectively. Furthermore, 84.6% of virus samples tested by RT-PCR were 

positive and six out of nine viruses were isolated on the BHK-21 and properly grow on the cells 

causing visible CPE. The phylogenetic analysis showed that the serotype O viruses were originated 

from O/SUD/8/2008 and close to O/Ein Ghosin/EGY/1/2014 and O/El-Kassasen/Egy/1/2014 while the 

serotype A viruses were originated from A/IRN/25/2005 and close to A/Rafah/Gaza/164294/2013 and 

A/Egypt/AL-Fayoum/2013 . 

Conclusion: This study proved the circulation of three different FMD virus serotypes O, A and SAT2 

in Egypt; as well as it showed the high sensitivity of the LFD test and exhibits the importance of 

studying the efficacy of the used vaccines in Egypt . 
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There are four structural proteins namely 1A, 1B, 1C and 1D and 8 non-structural proteins; L, 

2A, 2B, 2C, 3A, 3B, 3C, and 3D (Grubman, et al.,1984). The 3D non-structural protein is viral 

RNA-dependent RNA polymerase(RdRP), which is responsible for both positive and negative 

sense RNA replication and is highly conserved (94-99% similarity) (Feng, et al; 2004). 

In Egypt, FMD was recorded since 1950, whereby serotypes SAT2, O and A were 

identified. Serotype A and SAT2 were the main causes of outbreaks during 1953, 1958 and 1960, 

from then serotype O was the only virus circulated in livestock until 2006.similarly, widespread 

outbreaks due to serotype A occurred by importation of infected cattle in 2006 (OIE,2000 and 

Knowles et al.,2007). During 2012, there has been a dramatic upsurge in FMD outbreaks in 

Egypt related to SAT2 strain (Ahmad et al., 2012). 

The aim of study to identify and characterize the different FMD serotypes circulated in 

Egypt and study the efficiency of the LFD test as a rapid detection test for rapid diagnosis of 

FMD outbreaks as a preliminary step for control measures. 

MATERIALS AND METHODS 

Viral Samples:  
Forty seven samples were collected from FMD clinically infected cattle and buffaloes 

during 2014 and 2015 from different localities in Behaira governorate (Abo-hommos, Dalangat, 

Kafr-eldawar and Abo-elmatamir). The affected animals showed high fever (40°C -41°C), oral 

lesions (vesicles and ulcerations on the gum and tongue with excessive salivation), foot lesions 

(ulcerations on the inter-digital space with lameness), teat lesions (vesicles and ulcerations on the 

teat with difficulty on milking due to pain) and sudden death (occurred in young as well as old 

animals).Samples included 3 vesicular fluids and 44-tongue epithelium .The samples were 

collected and prepared as described by (Ferris et al., 2004). 

FMDV identification: 

FMD virus antigen test (SVANODIP FMDV-Ag) lateral flow device:  

It is a Penside test for the detection of FMDV antigen in swab, vesicular fluid and tissue 

samples. It was used as described in the manual of Svanova Biotech AB- Sweden. 

 

Indirect sandwich Enzyme Linked Immunosorbent Assay (ELISA):  
ELISA typing kit was provided by the FMD World Reference Laboratory (IZSLER: 

Brescia,Italy and Pirbright, UK , Lot No:01-2014 141104a). The direct sandwich ELISA 

described by Roeder and LeBlanc Smith (1987), with slight modification (OIE 2000), was used 

for samples serotyping . 

 

Virus isolation: 

Primary isolation of FMD virus was carried out on Baby Hamster Kidney-21 (BHK-21) 

cells which was obtained from virology department (AHRI-Egypt). It was carried out as 

described by (Adamowicz, et al,. 1974). 

 

RNA Extraction: 

        RNA was extracted using Trizol Easy-Red TM Total RNA extraction Kit (Intron 

Biotechnology, Korea) manufacturer’s protocol. Briefly, 20-50 mg-infected cells were mixed 

with 750μl of Trizol reagent followed by centrifugation at 10,000 rpm for 10 min. The 

supernatant was transferred to a fresh DEPC treated tube and added with 200 μl of chilled 

chloroform. The mixture was left at room temperature for 15 min. The samples were later 
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centrifuged at 10,000 rpm for 15 min at 4°C. The upper aqueous phase was then transferred to a 

new tube and 500 μl of chilled isopropanol was added followed by centrifugation at 10,000 rpm 

for 10 min at 4°C. The supernatant was discarded and the pellet was washed with 70% ice-cold 

ethanol. Finally the pellet was re-suspended in 30μl RNase free water and stored at -80°C. 

 

Reverse transcription-polymerase chain reaction (RT-PCR) : 
       RT-PCR was done for differentiation of FMDV serotypes by using primers from the most 

variable genes in the 1D region (VP1). Primers used for serotypes O, A and SAT-2 are shown in 

Table (1). Extracted RNA was subjected to RT-PCR using Super-Script-TM III One-Step RT-

PCR System with Platinum® Taq High Fidelity kit (Invitrogen Corporation). The amplification 

protocol used 25μl reaction mixture and the cycling condition was 50ºC for 30 min and 95ºC for 

15 min in RT step; followed by 35 cycles consisting of 94ºC for 1 min for denaturation followed 

by annealing for 30 seconds at 55-66 ºC. Elongation was done at 72ºC for 1 min followed by 

final extension cycle at 72ºC for 10 min. The RT-PCR products were analyzed by 1.2% agarose 

gel electrophoresis in Tris acetate EDTA buffer followed by staining with ethidium bromide. 

Bands of expected product size confirmed the presence of target FMDV serotype. 

 

Table (1): Primers used for typing of FMDV by RT-PCR 

 

Primer 

Name 

Sequence 5'-3' Gene Expected 

Size (bp) 

Used for 

1F 5'- GCC TGG TCT TTC CAG GTC T -3' 5'UTR 328bp Universal 

FMDV 

Detection 

1R 5'- CCA GTC CCC TTC TCA GAT C -3' 5'UTR 

A-1C612F 5'TAGCGCCGGCAAAGACTTTGA-3' VP3 815-830bp A 
EUR-2B52R 5'- GAC ATG TCC TCC TGC ATC TGG TTG AT -3' 2B 
P33 R 5’-AGC TTG TAC CAG GGT TTG GC-3’ 2B 402-1150bp O 
P38 F 5’-GCT GCC TAC CTC CTT CAA-3’ 1D 
1D209F 5′-CCA CAT ACT ACT TTT GTG ACC TGGA-3′ 1D 715-730bp SAT-2 

2B208R 5′-ACA GCG GCC ATG CAC GAC AG-3′ 2B 

 

Sequencing of amplified RT-PCR products  
  The RT-PCR products were purified using QIA-quick PCR purification Kit (Qiagen, 

Valencia, CA) manufacturer’s instructions. The purified PCR products were sequenced using the 

same forward and reverse primers as used in RT-PCR. The obtained sequences were aligned 

using “Sequencher5.1” software (https://genecodes.com) followed by BLAST analysis in Gen-

Bank database for comparing with other FMDV sequences. Phylogenetic analysis was performed 

using MEGA 6 software (Tamura et al., 2013). CLUSTALW was used to align the nucleotide 

sequences of different strains. 

 

Calculation of specificity and sensitivity:- 
The performed lateral flow device (LFD) was compared with reference method ELISA 

for measuring its specificity and sensitivity and the following formula were used.(i) sensitivity = 

[TP/(TP+FN)]X100, where TP is a true- positive  result as determined by the reference method 

and FN is a false-negative result (ii) specificity= [TN/(TN+FP)]X100, where TN is a true 

negative result as determined by the reference method and FP is a false positive result. 
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RESULTS: 

Detection of FMDV using antigen ELISA: 

 The ELISA test is routinely used for identification of FMD virus. The collected samples 

were tested using ELISA, 40 out of 47 samples were positive (85,1%). Two out of 40 samples 

(5%) were serotype SAT2 positive, 28 out of 40samples (70%) were serotype O positive, 10 out 

of 40 samples (25%) were serotype A positive as shown in table(2). 

 

Table (2) summary of the result of direct FMDV detection ELISA 

Total number of 

examined sample 

Number of 

positive 

samples 

Serotype 

A SAT2 O 

No % No % No % 

47 40 10 25 2 5 28 70 

% is calculated according to the total number of positive samples 

 

Detection of FMDV using Antigen Test SVANODIP FMDV-Ag  (LFD):- 

           Lateral flow device test is one of the rapid tests that used for identification of FMD virus 

antigen. The test results were observed within 15 minutes. The results of SVANODIP FMDV-

Ag revealed that 9 out of 47 tested samples (19.1%) were –ve while, 38 out of 47 samples 

(80.8%) were +ve as shown in table (3). The sensitivity and specificity of the LFD was detected 

as 95% and 100%, respectively in comparison to ELISA test as shown in table (4). 

 

Table (3): Results of SVANODIP FMDV-Ag (LFD) 

 

 

Table (4): Sensitivity and specificity of Lateral flow device in comparison with ELISA: 

Sensitivity=TP/ (TP+FN) X100, Specificity=TN/(TN+FP) X100 

 

Virus isolation and recovery on BHK-21 cell culture: 

The BHK-21 cell culture was known to be the target cells for FMDV isolation and recovery. 

Nine viruses were isolated on BHK21 cells; six out of nine viruses showed clear and visible CPE 

in the form of rounding of cells, granularity of the cytoplasm and complete cell lysis as shown in 

figure(1). 

Numbers of samples LFD 

 

47 

+ve -ve % of +ve 

38 9 80.8% 

The reference 

method 

Assay Sensitivity% Specificity% 

ELISA LFD 38/(38+2)X100=95% 7/(7+0)X100=100% 
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Fig. 1: The effect of FMDV on BHK-21 cells inoculated with FMDV. (A)Normal cells; (B) and 

(C) show CPE. 

Molecular subtyping of FMDV using RT-PCR: 

RT- PCR with serotype specific primers was used to determine the virus serotypes. Twenty two 

out of 26 field samples (84.6%) were positive as shown in table (5) and figure (2). Where 2, 16 

and 4 samples were serotype SAT2, O and A positive, respectively.  

 

Table (5) Results of RT-PCR 

Numbers of samples RT-PCR 

 

26 

+ve -ve % of +ve 

22 4 84. 6% 

 

 
Fig. 2: Agarose gel electrophoresis of RT-PCR products compared with 100bp marker. (A) Full 

VP1 type O demonstrated by the presence of 1124bp bands and (B) Full VP1 type A 

demonstrated by the presence of 814bp band. 
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Sequencing and phylogenetic analysis 
The sequence and phylogenetic analysis of six (4 serotype O and 2 serotype A) VP1 

coding-region FMD virus samples were performed using the direct RT-PCR product. The results 

revealed that the our recent isolated FMD viruses type O from Behira governorate during 2014 

and 2015 are originated from O/SUD/8/2008 and close to O/Ein Ghosin/EGY/1/2014 and O/El-

Kassasen/Egy/1/2014 while the serotype A viruses are originated from A/IRN/25/2005 and close 

to A/Rafah/Gaza/164294/2013 and A/Egypt/AL-Fayoum/2013 (Figure 4). 

Fig. 3: Phylogenetic analysis of our isolated Egyptian FMD virus serotype O compared with 

other closely related viruses. 
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Fig. 4: Phylogenetic analysis of our isolated Egyptian FMD virus serotype A compared with 

other closely related viruses. 

 

DISCUSSION 

Foot and mouth disease (FMD) has been recognized as the most important constraint to 

international trade in animals and animal products. The disease was initially described in the 
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16th century and was the first animal pathogen identified as a virus. (Grubman and Baxt, 2004, 

OIE, 2009 and O'Donnell, et al., 2011).Foot and mouth disease (FMD) is an economically 

important and highly contagious viral disease that affects cloven-hoofed domestic and wild 

animals and is considered the most economically important disease worldwide (Paixoe, et al., 

2008). 

In Egypt, FMD serotype SAT2 was first detected in 1950,while in 1952, 1956 and 1958 

serotype A was identified as a cause of outbreaks. Later, several foci of serotype O were detected 

until the detection of serotype A in the epidemic during 2006 then appearance of serotype SAT2 

in the epidemic during 2012 (Aidaros, 2002, OIE, 2005, Salem, 2009 and Ahmad, et al., 2012). 

Routine diagnosis of FMD in many laboratories depend on the combined use of enzyme 

linked immunosorbant assay(ELISA) and virus isolation techniques, supplemented by reverse 

transcriptase PCR (RT-PCR) (Reid, et al.,2000).These methods are reliable and accurate but 

require skill ,takes time and complex laboratory principals. Therefore, the lateral flow device 

(LFD) is an appropriate technology that permits rapid diagnosis, allowing time for early 

implantation of control measures to reduce the possibility of spread of FMD (Bruning et 

al.,(1999),and Kameyama et al.,(2006). The use of a rapid and easily performed test for FMDV 

detection is important to control FMD outbreaks and limit their spread. LFD strip tests were used 

as a method that is suitable for rapid FMD viral antigen and antibody detection for laboratories 

and on-site (Yang et al.,2013; Jiang et al., 2011, Lin et al.,2011; Reid et al., 2001; Ferris et al., 

2009,). 

In the current study, the samples were collected from 47 farm animals including cattle 

and buffaloes of different ages (<1.5, 1.5-3 and >3 years old) and from different localities in 

behira governorate. Respectively, 40 epithelial tissue samples of tongue and three vesicular fluid 

were collected during 2014 and 2015 for identification of FMD virus by ELISA, lateral flow 

device, PCR and for virus isolation on tissue culture. 

ELISA test results showed that 40 out of 47 samples were positive as shown in table (2) 

while lateral flow device results showed that 38 out of 47 field samples were positive as shown 

in table (3), the infection not be completely excluded in negative samples and was confirmed by 

PCR . The results showed that the sensitivity and specificity of the LFD strip test are 95% and 

100%, respectively in comparison to the ELISA test as shown in table (4).The LFD strip test 

exhibited similar sensitivity to that of the ELISA as showed by Yang et al., (2015).These results 

indicated that the LFD test is highly recommended for rapid diagnosis of FMD viruses in the 

field saving time without the need for special skills. 

It is worthily noticed that the FMDV SAT2 serotype was detected in samples collected 

during the year 2014 only and were in agreement with  (Hodhod, 2015), while FMDV serotype 

O and A still detected in both samples either collected during 2014 or 2015, were in agreement 

with (Ahmad, et al., 2012 and Rady., 2014).The results pointed out that, sandwich ELISA is 

more sensitive in both detection and serotyping of FMDV as demonstrated by (Crowther, et al., 

1995), and (Veerasami, et al., 2008). 

Polymerase chain reaction is the most widely used nucleic acid based diagnostic 

technique with a reliable, fast and accurate tool for FMD diagnosis (Oleksiewicz, et al., 2001 and 

Horsington and Zhang, 2007). The use of conventional RT-PCR is an effective confirmatory 

diagnostic procedure in serotyping of FMDV samples using serotype specific primers. These 

primer sets were designed according to Reid et al., (2000), Knowles et al. (2007) and Ahmed et 

al. (2012) as shown in table (1).Conventional RT-PCR was used for typing of 26 samples 

including the negative samples of LFD by using specific primer for each serotype depending on 

VP1 coding region fragment of FMDV. The results showed that 16 samples were positive for 

serotype O and 4 samples were positive for serotype A and 2 samples were positive for serotype 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Veerasami%20M%22%5BAuthor%5D
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SAT2, These results agreed with (OIE., 2006), (Salem, et al., 2009), (Omneya., 2012), and 

(Rady., 2014). The results obtained from ELISA, LFD and PCR test indicated that the serotype 

O is the predominant circulated serotype in Behera. 

Six out of nine viruses exhibited observed CPE in the form of rounding of cells, 

granularity of cytoplasm and complete cell lysis, These results were in agreement with 

(Adamowicz, et al., 1974) and (Paixao, et al., 2008) who reported that virus isolation on BHK-

21 cells is the most reliable diagnostic method. 

The sequence data of the isolated viruses revealed that the detected virus was A and O 

which is agreed with the results of the RT-PCR. The phylogenetic tree for serotype O reveal that 

local FMDV detected in examined samples were originated from O/SUD/8/2008 and close to 

O/Ein Ghosin/EGY/1/2014 and O/El-Kassasen/Egy/1/2014 as shown in figure (3). While the 

serotype A viruses were originated from A/IRN/25/2005 and close to A/Rafah/Gaza/164294/ 

2013 and A/Egypt/AL-Fayoum/2013 as shown in figure (4). These results were agreed with the 

results obtained from previous studies on FMD virus in Egypt (Ahmed, et al., 2012; Shawky et 

al., 2013 and Rady et al., 2014) 

In conclusion, this study revealed that FMD virus serotype O, A and SAT2 were co-

circulated in Egypt during 2014-2015, indicated that the failure of the current vaccine to protect 

animals. Moreover, the sensitivity and specificity of the LFD test was sufficient to be used as a 

rapid diagnostic kit for FMD viruses of different serotypes, enabling easily diagnosis and control 

of the viruses. Further molecular analysis of the isolated viruses should be performed to 

understand the virulence and antigenic properties of the viruses. 
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