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ARTICLE INFO ABSTRACT 

Keywords   Foot-and-mouth disease (FMD) is posing serious economic losses if not stringently controlled.  
This study aimed to characterize FMD virus (FMDV) in suspected samples which were 

collected from cattle and buffalo in Egypt between 2018 and 2020. Pan-serotype FMDV real 

time reverse transcription PCR (RT-PCR) assay that targets 3D genes of the FMDV were used 
to the preliminary laboratory diagnosis. The study was also performed with virus isolation on 

BHK-21 cells, conventional RT-PCR, and sequencing. FMDV serotypes A, O, and SAT2 were 

detected in all the examined 44 samples. Phylogenetic analysis of VP1 sequence products 
showed that recent FMDV outbreaks that occurred during 2018, 2019, and 2020 in Egypt were 

caused by serotypes SAT2 of Lib-12 lineage. Serotype O of East Africa 3 (EA-3) was detected 

in 2019 samples while serotype A of African topotype/G-IV was detected in 2020. The study 
findings recommended the significance of booster sampling of representative FMDV from the 

bordering countries as such protocol might be impacted on FMD control strategy as a trans-

boundary viral disease. 
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1. INTRODUCTION 

 
Foot and mouth disease (FMD) is a main contributor to food 

insecurity and poverty in Africa and it is also one of the 

greatest economic hardships for livestock in developing 

countries (Gebauer et al., 1988; Rweyemamu et al., 2000). 

FMD is a severely contagious and economically disastrous 

viral disease worldwide, which affects cloven-hoofed 

animals including domestic and wild bovid (Arzt et al., 

2011; Grubman & Baxt, 2004). FMDV virus (FMDV) is one 

of genus Aphthovirus that belong to family Picornaviridae. 

FMDV has a positive-sense, single-stranded RNA genome 

about 8.3 kilobases in size, contains an open reading frame 

(ORF) encodes a long polypeptide that is cleaved to form 

mature polypeptide products, which includes four structural 

proteins (VP4, VP3, VP2, and VP1) and eight non-structural 

proteins (Lpro, 2A, 2B, 2C, 3A, 3B, 3C, and 3D) (Carrillo et 

al., 2005; Grubman, 1980). FMDV exists in seven 

immunologically distinct serotypes O, A, C, Asia 1, SAT1, 

SAT2, and SAT3; each serotype is split into topotypes and 

lineages. Virus strains are placed into different topotypes 

based on geographical location. Topotypes are further 

classified into lineages based on sequencing, vaccine 

matching and geographical regions (Brown, 2003; 

Christensen et al., 2005; Haydon et al., 2001). The history of 

FMDV in Egypt started from 1950 with appearance of 

serotype SAT2, and subsequently in 1951 serotype O was 

detected.  

 

Serotype SAT2 was disappeared shortly from Egypt, then 

reemerged in 2012 and continued to circulate with different 

strains (Ahmed et al., 2012; Elhaig & Elsheery, 2014). The 

phylogenetic analysis of the Egyptian strains has clustered 

serotype SAT2 strains into 14 different topotypes (namely I-

XIV); topotype VII is the only recognized topotype in Egypt, 

and is also endemic mainly in southern sub-Saharan 

countries (Al-Hosary et al., 2019; EL-Shehawy et al., 2014; 

Valdazo-González et al., 2012). Serotype SAT2/ topotype 

VII of Lib-12 lineage has emerged recently in Egypt and led 

to drastic outbreaks (Hagag et al., 2019). Furthermore, some 

episodes of serotype A outbreaks started to appear in 1953. 

The importation of livestock from countries in East Africa 

to Egypt in 2006 caused severe FMDV outbreaks due to 

serotype A (Knowles et al., 2007). Various strains of 

FMDV/serotype A were detected during the most recent 15 

years in Egypt, including Iran-05 lineage of the Asian 

topotype and genotypes IV, and VII of the African topotype 

(Sobhy et al., 2018; Soltan et al., 2019b; Tekleghiorghis et 

al., 2016). Diverse topotypes and lineages of serotype O 

were reported from Egypt, including the Middle East-South 

Asian topotype (Sharquia-72 and Panasia 2 lineages) and 

topotype East Africa-3 (EA-3), which emerged in 2012 and 

is still spreading (Diab et al., 2019; Soltan et al., 2019b). The 

herein study aimed to molecularly characterize the FMDV 

strains detected from outbreaks of Egypt between 2018-2020 

based on VP1 sequencing and epidemiological relationship 

with bordering countries. 
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2. MATERIAL AND METHODS 

 
2.1. FMDV suspected samples 

Forty-four samples were archived from the Animal Health 

Research Institute (AHRI) including tongue, oral vesicular 

fluid samples, and epithelial samples. The studied samples 

were mainly collected from clinically suspected cattle and 

buffalo in Egypt 2018-2020, (table 1). 
 

Table (1): Types and numbers of collected samples from different Egyptian 

governorates 

Governorate 

NO. of 

collected 

samples 

Type of samples 

Tongue 
Epithelial 

samples 

oral 

vesicular 

fluid 

Suez 6 - 2 4 

Port Said 10 3 4 3 

Ismailia 5 2 1 2 

Dakahlia 8 1 3 4 

Kaliobia 4 - 1 3 

Menoufia 3 - 2 1 

Sharkia 4 1 2 1 

Behaira 4 - 3 1 

 

2.2. Nucleic acid extraction 

The viral RNA nucleic acid was extracted from the prepared 

clinically suspected FMDV samples and positive FMDV 

isolates for serotypes A, O, and SAT2 by using Easy Pure 

viral RNA kit (TransGen, China), following the manual’s 

instructions. RNA of the extracted samples was kept frozen 

in -20◦C till further work. 

 

2.3. Real-time reverse transcription polymerase chain 

reaction (rRT-PCR) 

The rRT-PCR was performed on extracted RNA for FMDV 

nucleic acid detection by using Transcript® Probe One-Step 

qRT-PCR SuperMix kit (TransGen, China). Primers and 

probe used were targeting the conserved 3D gene (Callahan 

et al., 2002). The rRT-PCR reactions were executed in a Real 

Time thermal cycler (Applied Biosystems, USA). The one-

step rRT-PCR amplification was started with reverse 

transcription step at 50°C for 10 min, denaturation for 30 sec 

at 94°C, then 40 cycles of 94°C for 45 sec, 60°C for 60 sec.  

 

2.4. Isolation of FMDV on Baby Hamster Kidney cells-21 

(BHK-21) 

The positive rRT-PCR samples of Ct values ranging 18-24 

were isolated on Baby Hamster Kidney (BHK-21) cells 

according to (OIE, 2021). The prepared samples were 

inoculated on BHK-21 monolayer cell. The Flasks were 

incubated for 1 h at 37 °C in an incubator of 5% Co2. The 

BHK-21 cells were maintained by addition of Minimum 

Essential Media (MEM) until cytopathic effects (CPE) get 

appeared. 

 

2.5. Typing of FMDV in positively screened samples using 

VP1 reverse transcriptase polymerase chain reaction (RT-

PCR) 

The positive rRT-PCR samples for FMDV were used for 

VP1 region amplification using the one-step conventional 

RT-PCR method. The VP1 region was targeted and 

amplified using the EasyScript One-Step RT-PCR SuperMix 

(TransGen, China). The 25μL RT-PCR reaction consisted of 

12.5μL reaction Mix, 0.4μL enzyme Mix, 2 μL of each 

primer (10 μM concentration), 5 μL of extracted RNA, and 

3.1μL RNase-Free water.  The thermal cycling conditions 

were adjusted according to the following conditions: 45°C 

for 25 minutes, 94°C for 5 minutes, followed by 40 cycles 

of 94°C for 45 seconds, 60°C for 1 minute, 72°C for 45 

seconds, and followed by a final extension at 72°C for 10 

minutes. The used primers targeted the variable region of the 

viral genomic 1D gene (Table2); the amplified PCR 

products were electrophoresed on a 1.2% agarose gel 

electrophoresis system. 
 

2.6. Partial sequencing of VP1 primer-based PCR products 

and phylogenic analysis 

PCR products were further purified from the electrophoresed 

agarose gel using the QIAquick Gel Extraction Kit (Qiagen, 

USA) according to the manual’s guidelines. The purified 

PCR products from the agarose gel were sequenced by 

Sanger method following the previously mentioned primer 

sets (Table 3) using BigDye® Terminator v3.1 Cycle 

Sequencing Kit (Thermo Fisher, USA). The nucleotide 

sequences were deposited to GenBank to be assigned 

relevant accession numbers. The obtained sequences were 

undertaken using computational and bioinformatics 

techniques to generate a phylogenetic tree using 

ClustalW/Bio-edit software - version 7.1 (Hall, 1999) and 

MEGA X software (Kumar et al., 2018) for Neighbor-

joining phylogenetic trees constructions. The topology of 

tree robustness has been assessed with 1000 bootstrap for 

more knowledge about FMDV topotypes (Knowles & 

Samuel, 2003; Vosloo et al., 2004). 

 

3. RESULTS 

 

3.1. Virus isolation and identification 

The clinically suspected FMD samples (n = 44) that were 

collected in this study were positive using the rRT-PCR 

assay which targets the 3D gene. These data were confirmed 

by isolation of FMDV on BHK-21 cell culture to thirteen 

samples that revealed Ct values ranging (Ct 18-24). Isolation 

of the selected thirteen samples was performed by 

inoculation into the BHK-2l cell line for isolation of FMDV. 

Cytopathic effect of FMDV in BHK-21 cells revealed 

breaking down of intracellular bridges, rounding, and 

swelling, flattening and clumping of the cells, sloughing of 

the cells, finally detachment of cells from the cell culture 

flasks and cell death which are the characteristic findings of 

FMDV effect in infected BHK-21 cells. Moreover, the VP1 

based conventional RT-PCR assay revealed that twenty four 

samples were of serotype SAT2 with product size 666 bp, 

eight samples were serotype O with product size 283 bp, and 

twelve samples were serotype A with product size 1143 bp 

(Fig 1). 

  

3.2. Sequencing and GenBank submission: 

The thirteen FMDV isolates on BHK-21 media were 

sequenced on both directions for the forward and reverse 

primers (table 3), after typing with the conventional RT-

PCR). 

 

 
Fig. (1): The Electrophoretic pattern of the PCR products of FMDV serotypes. 

N: negative control, L: 100bp ladder, SAT2: Specific amplicon of positive 

SAT2 (666bp), (O): specific amplicon of positive O (283bp), (A): specific 

amplicon of positive A (1143bp) 
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Table (2): Primers used in the conventional RT-PCR for FMDV serotyping  

Serotypes Primer Designation Primer sequence (5'-3') Amplicon size Reference 

O  
O-Egy-F CCTCCTTCAAYTACGGT 

283 bp 
(Bachanek-Bankowska et al., 2016) 

EUR–2B52R GACATGTCCTCCTGCATCTGGTTGAT (Knowles et al., 2007) 

A  
FMD-3161-F TCG CVC AGT ACT ACR CAC AGT A 

1143 bp (Dill et al., 2017) 
FMD-4303-R TGA CGT CRG AGA AGAAGA ARG G 

SAT2  
SAT2-Egy-F TGAYCGCAGTACACAYGTYC 666 bp 

 

(Shehata et al, 2015) 

EUR–2B52R GACATGTCCTCCTGCATCTGGTTGAT (Knowles et al., 2007) 

 
Table (3): Data of the collected samples showing selected samples for VP1 sequencing 

Sample ID Governorate Species Sample type Collection date 
accession 

number 

FMDV/SAT2/EGY/Suez/2018 Suez cattle vesicular fluid 2018 MZ146910 

FMDV/SAT2/EGY/Port Said/2018 Port Said cattle Epithelial Tissue 2018 MZ146909 

FMDV/SAT2/EGY/Ismailia/2018 Ismailia cattle Tongue 2018 MZ097483 

FMDV/SAT2/EGY/Dakahlia1/2018 Dakahlia cattle vesicular fluid 2018 MZ097481 

FMDV/SAT2/EGY/Dakahlia2/2018 Dakahlia cattle vesicular fluid 2018 MZ097482 

FMDV/SAT2/EGY/Kaliobia/2018 Kaliobia cattle Epithelial Tissue 2018 MZ097477 

FMDV/SAT2/EGY/Menoufia/2018 Menoufia buffalo Oral Fluid 2018 MZ097478 

FMDV/SAT2/EGY/Sharkia/2018 Sharkia cattle vesicular fluid 2018 MZ097479 

FMDV/SAT2/EGY/Behaira/2018 Behaira buffalo vesicular fluid 2018 MZ097480 

FMDV/SAT2/EGY/ Behaira /2019 Behaira buffalo Epithelial Tissue 2019 OL448982 

FMDV/SAT2/EGY/ Behaira /2020 Behaira cattle Epithelial Tissue 2020 OL448983 

FMDV/O/EGY/ Behaira /2019 Behaira cattle Epithelial Tissue 2019 OL456139 

FMD/A/EGY/Dakahlia/2020 Dakahlia cattle Epithelial Tissue 2020 OL456140 

 

3.3. Phylogenetic analysis for VP1 sequence of serotype 

SAT2: 

Eleven SAT2 serotype isolates were analyzed by sequencing 

and computational bioinformatics. Phylogenetic analysis 

indicated that the SAT2 isolates are related to topotype VII, 

Lib-12 lineage with substantial degree of relatedness by 

98.5% with each other. The genetic relationship of the 

Egyptian isolates with the other Egyptian strains and SAT 2 

serotypes are displayed on the phylogenetic tree (Fig 2). The 

studied isolates showed average of 80.2% amino acids 

identity with SAT2/EGY/2/2012 (accession number 

JX570617, Alx-12 lineage) and 79.4% average amino acid 

identity with the vaccinal strain SAT2/EGY/23/2012 

(accession number JX013980, Ghb-12 lineage). The 

deduced amino acids revealed residue variations between the 

studied isolates, vaccinal strain (SAT2/EGY/23/2012), and 

the Egyptian 2012 strains (Fig 3). The African strains of Lib-

12 lineage SUD/1/2007 (accession number: GU566071), 

ETH/11/2018 (accession number: MT602091), 

LIB/39/2012, NIG/1/14 (accession number: MN103523), 

and GHA/Tul/5/2018 (accession number: LC456875) 

showed average of 90% amino acid identity  

 

3.4. Phylogenetic analysis for VP1 sequences of serotype A 

isolates: 

Sequence of the VP1 RT-PCR product of serotype A isolate 

was analyzed which revealed that it fell within G-IV cluster 

of African topotype like most of previously isolated 

Egyptian FMDV serotype A. The Egyptian isolate 

A/EGY/Dakahlia/2020 (accession number: OL456140) was 

related to the currently used local vaccinal strain of serotype 

A A/EGY/1/2012 (accession number: KC440882) that 

belongs to A Iran-05 lineage with 84.9% amino acid identity 

(Fig 4). The Egyptian strain has amino acid identity of 88% 

to the G-IV prototype sequence SUD/3/77 (accession 

number: GU566064). The aligned amino acid sequences of 

Egyptian isolates together with the relevant Egyptian 

isolates and the prototype sequence (SUD/3/77) revealed 

several amino acid changes as (residue 13: Glutamine to 

Histidine, residue 122 Serine to Alanine, and residue 189 

Histidine to Tyrosine), (Fig 5).  

 

 

 

3.5. Phylogenetic analysis for VP1 sequence of serotype O 

isolates: 

The data analysis revealed that the Egyptian FMDV serotype 

O isolate (O/EGY/ Behaira /2019, accession number: 

OL456139) clustered with Sudan strain (SUD/2/86) which 

is prototype sequence of the East Africa-3 (EA-3) topotype 

as most of previously recorded serotype O strains from 

Egypt (figure 6).  It was closely related to Egyptian 2016 

strains (accession number: MN866307, MF962874, and 

MG925050) with 97.7%-99.2% identity. But it was more 

deviated away from serotype O virus strain isolated from 

2014 and 2016; Egypt/13/2016 (accession no. MG925045), 

O/ Egypt /Dakahlia/2014 (accession no. KP940473), and 

O/Egypt/21/2016 (accession no. MG925048), with mean 

divergence percentage (21.8%),  

 
Fig 2: Phylogeny using Neighbor-joining approach depended on the VP1 

amino acid sequences (119 positions) of the twelve study isolates (black 

circles) with other (35) sequences of FMDV serotype SAT2 retrieved from 

the GenBank database. Numbers at the internal nodes represent the bootstrap 

probabilities (1000 replicates) 
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Fig 4: Alignment showing VP1 sequences of the deduced amino acid 

involving the studied Egyptian SAT2 isolates compared to other Egyptian and 

African SAT2 strains. ‘.’ indicates sites of amino acid residue identity to the 

SAT2/EGY/Behaira/2019 isolate (accession number OL448982) 

 

 
Fig 5: Phylogeny of the NJ method based upon VP1 amino acid sequences 

(211 positions) of the 2020 Egyptian FMDV serotype A isolate of this study 

(black square) with other (42) FMDV serotype A sequences derived from the 

GenBank (NCBI) database. Numbers at the internal nodes represent bootstrap 

probabilities (1000 replicates) 

 

 
Fig 6: Alignment showing VP1 sequences of the deduced amino acid 

involving the studied Egyptian serotype A isolates compared to other 

Egyptian and African A strains. ‘.’ indicates sites of amino acid residue 

identity to the A/EGY/Dakahlia/2020 isolate (accession number OL456140) 

 

 
Fig 7: Phylogeny of the NJ method based upon VP1 amino acid sequences of 

the 2019 Egyptian FMDV serotype O isolate of this study (black square) and 

(30) sequences of FMDV serotype derived from the GenBank (NCBI) 

database. Numbers at the internal nodes represent bootstrap probabilities 

(1000 replicates) 
 

4. DISCUSSION 

 
FMD is a transboundary viral disease with severe potential 

constraints for causing high economic loss in susceptible 

animals (Grubman & Baxt, 2004). FMDV remains a 

significant worldwide issue for developed, low, and middle-

income economies, where it impacts livestock production 

and causes trade blocks. Africa is considered the main 

reservoir of at least 5 serotypes of FMDV, and control 

measures and vaccination are improved in endemic areas in 
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Africa (Lycett et al., 2019).  The sampling frequency of 

FMDV outbreaks in livestock is mostly low across countries 

in sub-Saharan Africa, and there are also clear gaps of 

FMDV tracing in some countries that neighbor Egypt where 

FMD outbreaks are not fully reported (Lasecka-Dykes et al., 

2018; Lloyd-Jones et al., 2017; Yoon et al., 2011). 

Molecular epidemiological detection of FMDV improves 

tracing the molecular variation and genetic relationship 

among the circulating FMDV strains in Egypt and also the 

vaccinal strains used (Ahmed et al., 2012; Soltan et al., 

2017).  

This study describes analysis for FMDV isolated samples 

collected from Egypt between 2018 and 2020. Initial testing 

used real-time PCR and FMDV isolation methods to detect 

FMDV, followed by conventional reverse transcriptase PCR 

(RT-PCR), and sequencing to characterize the virus serotype 

present in the isolated samples. Using positive CT values 

(cut-off) of 30 as mentioned by (Callahan et al., 2002), all of 

the studied samples were positive by using the 3D universal 

primers assay. The serotyping FMDV RT-PCR assays 

depended mainly on detection of VP1 sequences variations 

to differentiate between FMDV serotypes, so the RT-PCR 

used primers targeted the VP1 region (Bachanek-

Bankowska et al., 2016; Dill et al., 2017; Shehata et al., 

2016). Three FMDV serotypes were reported only from 

Egypt (WRLFMD); although the majority of the studied 

samples were identified as serotype SAT2 (54.5% of the 

isolates).  

The herein study depended on the phylogenetic analysis of 

amino acids residues to characterize the genetic relativity 

between the Egyptian FMDV isolates and the bordering 

countries. Neighbor-joining phylogenetic trees were 

constructed in this study, stating that FMDV is circulated 

between countries in the region. The phylogenetic analysis 

for the detected serotypes A, O, and SAT2 highlighted close 

relationships between Egyptian viruses, Sudanese, Nigerian, 

Ethiopian, and Libyan FMDV strains, proposing that animal 

moving can also contribute to FMDV spread across the sub-

Saharan Africa countries (Ahmed et al., 2012; Elhaig & 

Elsheery, 2014; Tekleghiorghis et al., 2016).  

FMDV serotype SAT2 strains are mostly restricted to the 

African continent with only occasional incursions into the 

Middle East (El Damaty et al., 2021), genetic diversity is 

high among SAT serotypes as it is composed of 14 topotypes 

(Brito et al., 2017; Carrillo et al., 2005). FMDV remerged 

recently in Egypt in 2012 (Ahmed et al., 2012) into G-VII 

and clustered into two topotypes (Alx-12 and Ghb-12), then 

another cluster was prevalent in Egypt since 2018 (Soltan et 

al., 2019a). In this study, the Egyptian SAT2 isolates of 

(2018, 2019, and 2020) fell into topotype VII/Lib-12 

lineage, which is mainly distributed in Africa (Lycett et al., 

2019). The studied serotypes were related to strains from 

Ethiopia, Nigeria, Ghana, and Libya (Fig 2). Close 

epidemiological links have been reported previously 

between SAT2 viruses in Egypt and Libya (Brito et al., 

2017; Kandeil et al., 2013; Soltan et al., 2019a). 

Furthermore, a single isolate from Sudan 

(SAT2/SUD/1/2007; accession number GU566071) was 

also a member of this group. The amino acid residues of the 

studied Egyptian SAT2 strains at the G-H loop region which 

is considered the main antigenic site in the VP1 protein 

revealed the presence of cysteine residue at the base of the 

loop. The RGDR motif that is related to SAT2 serotype was 

present with its arginine (R) residue (Burman et al., 2006; 

Lycett et al., 2019). 

Phylogenetic analysis of the Egyptian 2020 serotype A 

isolate clustered it to G-IV isolates with genotype prototype 

sequence (A/SUD/3/77, accession no. GU566064). This 

result agrees with the detection of serotype A (Africa 

topotype), from Egypt in 2016 (Soltan et al., 2017). The 

analysis shows that the phylogenetic group contained recent 

2019 Ethiopian viruses (MN987535 and MN987536) also 

contained 2018 Sudanese viruses (MK422589, MK422590, 

MK422591, MK422592, and MK4225930), suggesting that 

the ancestral history of Egyptian recent G-IV is shared 

between Ethiopia and Sudan. The phylogeny indicates also 

clustering the Egyptian (2012-2016) strains within Asian 

clades (Fig 5) which suggests occasional incursions of non-

African lineages into Northern Africa which agrees with 

(Lycett et al., 2019). The amino acid sequence of RGD 

(arginine-glycine-aspartic acid) is considered highly 

conserved, RGD motif is present also conserved in the 2020 

serotype A isolate (accession number: OL456140) at 

positions 135 to 137. RGD motif contributes to cell 

attachment site on FMDV for infected cells (Fox et al., 

1989). 

Egypt is endemic with two distinct isolates of serotype O 

related to PanAsia-2 and East African. Egypt is the country 

of Pool 3 where the EA-3 lineage was isolated in 2016 (Diab 

et al., 2019; Soltan et al., 2017). The compiled phylogenetic 

data indicates that the EA-3 viral lineage is spreading in 

independent pathway in Egypt in 2016 and 2019 than 

PanAsia-2 lineage that was present in Egypt between 2010-

2 012. FMDV O phylogenetic findings indicate that 

Egyptian serotype O isolate is in close relation with 

Ethiopian strains, and independently without apparent 

overlap in transmission epidemiology with concurrent FMD 

viruses from Sudan and Libya. 

 

5. CONCLUSION 

 
FMDV circulating in Egypt in years of 2018, 2019 and 2020, 

which clarifies the morbidity rate of FMDV outbreaks. 

Executing stringent control measures against FMDV and 

incorporation of the new FMDV serotypes in the locally 

produced vaccines are significant for subsequent livestock 

protection. 
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