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			Abstract | Egypt is one of the countries threaten with foot and mouth disease virus (FMDV) that attacks animals every year. The introduction of new topotypes/lineages of the existing FMD viruses represents a constant risk for cattle production. Serotype A is one of FMDV that is already existing and incriminated lastly in serval problems in cattle population. So, this study aimed at molecular characterization of serotype A FMDV that has been involved in the latest FMD outbreaks in Egypt. Thirty-six samples (26 blood and 10 oral epithelial tissue samples) were obtained from suspected cattle in three Egyptian governorates during 2019-2020. The samples were screened for FMDV by means of real-time RT-PCR that showed nearly 86% (n=31) of the examined samples to be FMDV positive. Virus isolation was carried out on ten of the FMDV positive samples that were selected according to their cycle threshold (Ct) values. Moreover, the serotype A amplicons were subjected to sequencing of the VP1 gene. Through phylogenic analysis of three FMDV serotype A isolates, it has been deduced that two isolates were clustered to Asian Iran-05 topotype with close similarities (99.42-99.57%) to the local vaccine strain, while the other one belonged to African topotype genotype IV (GIV) and was genetically different from the local vaccine strain with 85.65% identity. These findings support the suggestion of adding the African topotype GIV as a supplementary vaccine to the currently used one.
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			Introduction

			 

			Foot and mouth disease (FMD) is one of the most threatening infectious vesicular viral diseases of domestic and wild cloven-hoofed animals, mostly cattle, sheep, goats, and swine (Knight-Jones et al., 2016; Shanafelt and Perrings, 2017).  Further, FMD is a cross border disease that rapidly spread between countries causing severe economic and social impact in accordance to the World Organization for Animal Health (OIE) (OIE, 2020a). Foot and mouth disease virus (FMDV) is a positive sense RNA virus that belongs to genus Aphthovirus of family Picornaviridae. There are 7 genetically and antigenically different serotypes: A, O, C, SAT1, SAT2, SAT3, and Asia 1 (Rodríguez et al., 2020). Each serotype has several topotypes which are further divided into lineages with diverse genotypes (Saduakassovaa et al., 2018). The genome of each serotype is about 8.2 Kb and is surrounded by a protein capsid (Martinez-Salas and Belsham, 2017). The capsid includes 60 copies of four structural proteins (VP1–4). VP1, 2 and 3 are exposed on the surface, whereas VP4 is internalised (Racaniello et al., 2001). The crystallographic configuration of the viral protein coat indicated that immunological determinants are often encountered on surface-oriented interlinking loops among structural components (Fry et al., 1999). The evolutionary preserved Arg-Gly-Asp (RGD) amino acid element inside the G-H loop in VP1 gene is important for viral attachment to host cells (Carrillo et al., 2005) and stimulation of host protective immune responses (Marrero et al., 2015; Fernandez-Sainz et al., 2019). The RNA polymerase’s low fidelity results in error-prone viral replication and genetic alterations (Herod et al., 2017). The involvement of immunological epitopes can result in the emergence of new virus variants. Immunity to one serotype does not confer protection contrary to other serotypes or to variants in the same serotype (Fernandez-Sainz et al., 2019). Furthermore, phylogenetic analyses using multiple alignments of the VP1 gene sequences aid in identifying the variety, genetic correlation, and geographical distribution of various FMDV serotypes (Cottam et al., 2006; Pybus et al., 2009). VP1 also contains serotype-specific amino acid residues that allow different serotypes to be distinguished (Carrillo et al., 2005).

			 

			Egypt is considered one of FMD enzootic countries since 1950s, causing a dangerous threat to animal wealth (Ahmed et al., 2012). Although there were minor outbreaks caused by FMDV serotype A in Egypt since 1953, serious FMDV serotype A outbreak causing huge economic damages has been described at the beginning of 2006, this might have been related with the importation of live animals from African republics (Abd El-Rhman et al., 2020). In the past 11 years, Asian and African topotypes of serotype A were identified in Egypt (Sobhy et al., 2018). In 2020, four FMD outbreaks were detected, two confirmed as SAT2 serotype topotype VII and the others were confirmed as serotype A lineage AFRICA/IV (WRLFMD, 2020). The strategy for FMD outbreaks prevention in Egypt is mainly dependent on vaccination every 6 months using locally produced trivalent inactivated vaccine (O Panasia-2/A Iran-05/SAT2/ EGY-A-2012) (El-Bagoury et al., 2014). As a result of the outbreak reported in October 2020, the vaccine was recently changed by adding serotype A lineage (A/AFRICA/G-IV) to it (WRLFMD, 2021). The importation of animals from FMDV endemic zones and the application of incompatible vaccines are the main causes of vaccination failure and could hinder the control of FMD in endemic countries that depend on inactivated FMDV vaccination (Paton et al., 2009; FAO, 2016; Singh et al., 2019). Globally where FMDV exist, serotype A is present (Parida, 2009). The continuous follow up of new FMDV variants will aid in appropriate vaccine matching in order to ensure proper and up-to-date preventive actions. Thus, the goal of this work was to sequence the full VP1 gene to determine the molecular and genetic characteristics of FMDV serotype A that was circulating in Egypt in 2019-2020. 

			 

			Material and methods

			 

			Clinical samples

			Thirty-six samples (26 blood and 10 oral epithelial samples) were collected from clinically infected cattle from Qalubia (n =12), Sharkia (n =16) and Gharbia (n =8) provinces during 2019-2020. The collected oral epithelial samples were maintained in transport medium comprising penicillin (1000 IU), neomycin sulphate (100 IU), polymyxin B sulphate (50 IU), and mycostatin (100 IU) in equal volumes of glycerol and phosphate buffer saline (PBS) (Sigma, USA). The ultimate pH of the glycerol/buffer mixture was between 7.2 and 7.6 and was stored at -80°C until use according to protocols proposed by (OIE, 2018). The samples were transported to the Animal Health Research institute (AHRI), Dokki, Giza. 

			 

			Samples preparation

			Suspensions were ready by grinding 2 grams of oral epithelial samples with sterile sand in a sterile mortar with 2-3 ml PBS and antibiotic. The suspensions were centrifuged at 3000 rpm for 10 minutes, the supernatants were collected and filtered through a 0.22 Millipore filter and stored at -80°C till virus isolation on BHK21 cells (OIE, 2021). 

			 

			Virus isolation

			Continuous cell line of Baby hamster kidney cells (BHK21, clone13) was used for virus isolation from oral epithelial samples. The prepared virus suspension (0.3ml) was inoculated to cell culture. The inoculated cell cultures were incubated at 37 °C and 5% CO2 for 72 h with daily examination till CPE development (OIE, 2021).

			 

			Extraction of Viral RNA

			The total RNA was extracted from the collected samples using QIAamp Viral RNA Mini Kit (Qiagen) cat. no. 52904 as stated by the manufacturer’s commands. The extracted RNA was stored at -20°C for further analysis.

			 

			Real-time RT-PCR (qRT-PCR)

			The extracted RNA from the collected samples (26 blood and 10 oral epithelial samples) were tested for the existence of FMDV genomic RNA by primers and probes targeted directly to the conserved 3D gene as shown in Table 1. Primers and probe synthesized by Invitrogen; USA were used in accordance with the manufacturer’s guidelines for 3D gene amplification. The reaction was run on StepOne Real Time PCR instrument (Applied Biosystems, USA) using the subsequent thermal profile: reverse transcription at 50°C for 15 minutes then initial denaturation at 95°C for 5 minutes, 45 cycles at 95°C for 15 seconds and an

			Table 1: Primers of real-time RT-PCR targeting 3D gene and one-step RT-PCR targeting 1D gene of FMDV.

			
				
					
					
					
					
				
				
					
							Primer
							Sequence 5’-3’
							Amplicon size
							References
					

					
							
							3D-F

						
							
							ACT GGG TTT TAC AAA CCT GTGA

						
							
							106 bp

						
							
							(Callahan et al., 2002)

						
					

					
							
							3D-R

						
							
							GCG AGT CCT GCC ACGGA

						
					

					
							
							3D-Probe

						
							
							FAM-TCC TTT GCA CGC CGT GGG AC- TAMRA

						
					

					
							
							A-Egy-F

						
							
							GGAATCWGCAGACCCTGTC

						
							
							750 bp

						
							
							(Shehata et al., 2016)

						
					

					
							
							O-Egy-F

						
							
							CCTCCTTCAAYTACGGT

						
							
							283 bp

						
							
							(Bachanek-Bankowska et l., 2016)

						
					

					
							
							SAT2-Egy-F

						
							
							TGAYCGCAGTACACAYGTYC

						
							
							666 bp

						
							
							(Shehata et al., 2016)

						
					

					
							
							Reverse primer Nk61

						
							
							GACATGTCCTCCTGCATCTG

						
							
							 

						
							
							(Knowles et al., 2005)

						
					

				
			

			

			 

			Table 2: Results of FMDV detection by qRT-PCR.

			
				
					
					
					
					
					
					
					
					
				
				
					
							 
							Sharkia
							Qalubia
							Gharbia
							Total
					

					
							Blood
							Oral epi.
							Blood
							Oral epi.
							Blood
							Oral epi.
					

					
							
							FMDV positive

						
							
							11

						
							
							3

						
							
							5

						
							
							5

						
							
							5

						
							
							2

						
							
							31

						
					

					
							
							FMDV negative

						
							
							2

						
							
							-

						
							
							2

						
							
							-

						
							
							1

						
							
							-

						
							
							5

						
					

				
			

			

			 

			nealing and extension step at 60°C for 1 minutes at which the fluorescence data were collected in each cycle. Samples that had cycle threshold (Ct) less than 30 were checked using conventional one-step RT-PCR. 

			 

			Conventional one-step RT-PCR

			The extracted RNA from the 10 oral epithelial samples was subjected to RT-PCR by Thermo scientific verso 1-step RT-PCR Ready Mix Kit (Thermoscientific, USA) according to the manufacturer’s instructions. The RT-PCR reaction was performed in a final volume of 25 μl consisting of 12.5 μl of 2X 1-step PCR Ready Mix, 0.5 μl of Verso Enzyme Mix, 1.25 μl RT-Enhancer, 1 μl of specific forward and reverse primer for serotypes A, O and SAT2 as shown in Table 1, and 5 μl of viral RNA extract. The cycling conditions were cDNA synthesis at 50 °C for 30 minutes and Verso inactivation at 95 °C for 2 minutes, then 35 cycles of denaturation at 95 °C for 60 seconds, annealing at 60 °C for 30 seconds and elongation at 72 °C for 1minute, followed by a final extension at 72°C for 5 minutes. The PCR products were analyzed by electrophoresis on a 1.5% agarose gel (Roskams and Rodgers, 2002).

			 

			Sequencing and phylogenetic analysis

			The PCR products were refined by QIAquick Gel Extraction Kit (Qiagen, Germany) in accordance to manufacturer’s guidelines. Sequencing of the PCR products was operated using BigDye™ Terminator V3.1 Cycle Sequencing Kit by the previously used forward and reverse primers for serotype A as in Table 1. The attained nucleotide sequences for viral serotype A were computationally and bioinformatically analyzed to identify the substitution rates and construct a phylogenetic tree (Saitou and Nei, 1987; Kumar et al., 2018). Multiple sequence alignment (MSA) was performed via ClustalW/BioEdit software- v7.2.5 (Hall, 1999). Results of MSA were clipped and exposed from columns comprising gaps and phylogenetic tree was created by MEGA software version 6 using the neighbor-joining method with bootstrapping over 1000 replicates (Felsenstein, 1985; Kumar et al., 2018). 

			 

			Results

			 

			FMDV detection by qRT-PCR

			The 36 samples were primarily screened for FMDV by qRT-PCR. Thirty-one (21 blood and 10 oral epithelium) (86%) samples were positive using pan-FMDV 3D primers-probe set (Table 2, Figure 1). 
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			Figure 1: The amplification plots of Pan-serotypic (3D) qRT-PCR assay of collected field samples.

			 

			Isolation of FMDV on BHK-21 cell line

			Virus isolation was carried out using the ten oral epithelium samples positive for FMDV that were selected ac

			Table 3: FMDV isolates used for sequencing and phylogenetic analysis of serotype A. 

			
				
					
					
					
					
					
				
				
					
							ID
							Accession #
							FMD Topotype
							Sample material
							Province
					

					
							
							FMD/A/EGY/AHRI/G1-2020

						
							
							OL769313

						
							
							Asian topotype (Iran-05 lineage)

						
							
							Oral epithelium

						
							
							Sharkia

						
					

					
							
							FMD/A/EGY/AHRI/G2-2019

						
							
							OL769314

						
							
							Asian topotype (Iran-05 lineage)

						
							
							Oral epithelium

						
							
							Qalubia

						
					

					
							
							FMD/A/EGY/AHRI/G3-2020

						
							
							OL769315

						
							
							African topotype (genotype IV) 

						
							
							Oral epithelium

						
							
							Gharbia

						
					

				
			

			

			 

			Table 4: The amino acid differences in the main antigenic sites of VP1 in the new isolate of serotype A (African genotype IV) and vaccinal strain in Egypt.

			
				
					
					
					
					
					
				
				
					
							No.
							Residue number
							Location
							Vaccine strain A/EGY 1/2012
							FMD/A/EGY/AHRI/G1-2020(OL769313)
					

					
							
							1

						
							
							43

						
							
							βB-βC loop

						
							
							N

						
							
							T

						
					

					
							
							2

						
							
							44

						
							
							βB-βC loop

						
							
							P

						
							
							S

						
					

					
							
							3

						
							
							137

						
							
							βG-βH loop

						
							
							S

						
							
							T

						
					

					
							
							4

						
							
							139

						
							
							βG-βH loop

						
							
							T

						
							
							G

						
					

					
							
							5

						
							
							140

						
							
							βG-βH loop

						
							
							G

						
							
							T

						
					

					
							
							6

						
							
							141

						
							
							βG-βH loop

						
							
							G

						
							
							S

						
					

					
							
							7

						
							
							142

						
							
							βG-βH loop

						
							
							D

						
							
							P

						
					

					
							
							8

						
							
							144

						
							
							βG-βH loop

						
							
							R

						
							
							Q

						
					

					
							
							9

						
							
							149

						
							
							βG-βH loop

						
							
							S

						
							
							A

						
					

					
							
							10

						
							
							198

						
							
							carboxy terminus

						
							
							Q

						
							
							G

						
					

					
							
							11

						
							
							201

						
							
							carboxy terminus

						
							
							H

						
							
							Y

						
					

					
							
							12

						
							
							202

						
							
							carboxy terminus

						
							
							K

						
							
							Q

						
					

					
							
							13

						
							
							204

						
							
							carboxy terminus

						
							
							K

						
							
							R

						
					

				
			

			

			 

			cording to their Ct value (lower than 30). The selected viral samples produced characteristic cytopathic effect (CPE) on BHK-21 cells after 24-48 hours from inoculation, cell rounding, degeneration, and cytoplasmic granularity are observed, followed by total cell lysis as shown in Figure 2.
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			Figure 2: Pictures showing the FMDV’s cytopathogenic effect on inoculated BHK-21 cells. Panel (A) control BHK 21 cell line, Panel. (B) BHK21 Cells showing characteristic CPE. 

			 

			Amplification of VP1gene by one step RT-PCR

			The ten oral epithelial samples isolated on BHK-21 cells and detected by qRT-PCR having Ct lower than 30 were further tested by specific primers of serotypes A, O, and SAT2. The RT-PCR for FMDV isolates revealed that serotypes A, O and SAT2 were identified in 5, 3 and 2 isolates, respectively (Figure 3).
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			Figure 3: Serotyping of FMDV in 10 oral epithelial samples by conventional RT-PCR.

			 

			Phylogenetic analysis and relationships among some global and circulating FMDV serotype A

			VP1 Full-length gene sequences of three FMDV serotype A isolates from oral epithelium obtained in this study were submitted to GenBank under accession numbers OL769313, OL769314 and OL769315 (Table 3).

			 

			Phylogenetic analysis and multiple sequence alignment shown that two of the newly circulating FMDV strains FMD/A/EGY/AHRI/G2-2019 (OL769314) and FMD/A/EGY/AHRI/G3-2020 (OL769315) belong to Iran-05 lineage of Asian topotype and were closely related to the vaccinal strain A/EGY 1/2012 (KC440882) with high nucleotide similarity 99.42 and 99.57%, respectively as shown in Figure 4.
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			Figure 4: Phylogenetic tree constructed using the neighbor joining method depending on the VP1 gene sequences of the three FMDV isolates identified in this study and 36 additional FMDV serotype A sequences obtained via the GenBank (https://www.ncbi.nlm.nih.gov/genbank) dataset. The bootstrap probabilities are signified by numbers at the internal nodes (1000 replicates). Red square refers to vaccinal strain, green triangles refer to isolates of present study.

			 

			The isolate FMD/A/EGY/AHRI/G1-2020 (OL769313) belonged to genotype IV of African topotype) and was closely related to the Egyptian FMD viruses recently isolated in 2020 (MW413348, MW413351, MW413347, MW413345, MW413346, MW413349 and MW413350) with identity ranging from 97.31 to 99.68%, whereas it had a lower identity percentage (91.25 to 93.68%) with strains isolated between late 2015 to 2018 (MT597127, KX446998, KX446996, MF322693, MT597126, KX447000). This isolate has external relation to Ethiopian strain ETH/19/2015 (MN987497) and Sudanese strain A/SUD/9/2018 (MK422594) with identity of 93.38 and 92.11%, respectively as shown in Figure 4.  The acquired VP1’s deduced amino acid sequences of FMD/A/EGY/AHRI/G1-2020 (OL769313) as illustrated, showed amino acid variations in the major antigenic sites (Table 4, Figure 5).
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			Figure 5: Deduced amino acid sequences within the VP1 gene of the new FMDV isolates in this study were compared to existing FMDV type A isolates over the years. The highlighted regions refer to the significant variable antigenic sites chosen in the comparison.

			 

			Discussion

			 

			FMD is a major universal concern. It seriously affects cattle production and blocks the global trade. Egypt’s exhaustive FMD control system, which includes vaccinating animals with a locally inactivated polyvalent vaccine containing serotypes O pan Asian II (EGY/2010), A Iran 05 (A/EGY/1/2012), SAT2 (EGY/Gharbia/2012), and SAT2 (LIB/2018). Although the vaccination program was successful in lowering FMD incidence, uncontrolled animal movement results in circulation of FMDV strains. There have been at least eight variants of circulating FMDV serotypes A, O, and SAT2 isolated in the last decade (El-mayet et al., 2020). These variants included A-Iran 05, A-African genotype IV, A-African genotype VII, O-Pan Asia II, O East Africa, SAT2 Ghb-12, SAT2 Lib-12, and SAT2 Alx12. Furthermore, Egypt’s distinct geographical position increases the risk of circulating variants from East African and Asian countries infiltrating the country (El-mayet et al., 2020).

			 

			In general, the variable severity of FMD occurrence is attributed to either absence of vaccination because of reluctance of the farmers to vaccinate their cattle against FMD due to the fear of drop in milk yield after vaccination or vaccination failure in vaccinated herds/areas mainly due to unmatchable vaccinal strain with the circulating virus (Singh et al., 2019). Because of the high mutation rate of FMDV, new FMDV strains emerges (Fernandez-Sainz et al., 2019). So, there is a crucial requirement for continuous screening, genetic and antigenic characterization of the circulating FMDV strains and revealing their relationship with the vaccinal strains to assist in FMD control (Knowles et al., 2016). 

			 

			Depending on the above, the current study focused on molecular characterization of the circulating FMDV (serotype A) during 2019-2020 by collecting 36 clinical samples from different localities in three Delta governorates (Sharkia, Qalubia and Gharbia). In accordance to (Ahmed et al., 2012) who stated that Delta Governorates are considered due to their great density of animal population, so the primary struck of infection was firstly noted in the Delta region as in FMDV outbreak of genotype SAT2. The collected samples were blood and oral epithelium as the virus could be detectable in different samples depending on the stage of infection. If animals are clinically affected, the preferred samples would be materials from the lesions. For animals not showing obvious clinical signs, blood may be useful for virus isolation (OIE, 2020b).

			 

			According to qRT-PCR results, the highest incidence of the disease was 87.5% in governorates Sharqia (14/16) and Gharbia (7/8). While in Qalubia, the incidence was 83.3% (10/12) as shown in Table 2. In contrast to the disease incidence in 2017-2018, Qalyobia was the highest governorate in incidence with percent of 70% followed by Sharqia (40%) (Abd El-Rhman et al., 2021). On the other hand, conventional RT-PCR revealed that the three FMDV serotypes A, O and SAT2 were detected in Qalubia, serotypes A and O were detected in Sharquia. While in Gharbia, serotypes A and SAT2 were identified as shown in Figure 3. In 2016-2019, the three FMDV serotypes A, O and SAT2 were detected in Qalubia and Sharquia. While in Gharbia, serotypes O and SAT2 were identified (Shahen et al., 2020). Every year, there is a dominant circulating strain with alternative displacement and winter peak of 2 to 3 circulating strains (El-mayet et al., 2020).

			 

			VP1 sequencing and analysis of clinical samples collected from different localities helps in construction of phylogenetic tree to understand the molecular epidemiology of FMDV and tracing the source of newly emerging strains (Knowles et al., 2016). The VP1 sequencing analysis revealed that two viral isolates of serotype A FMD/A/EGY/AHRI/G2-2019 (OL769314) and FMD/A/EGY/AHRI/G3-2020 (OL769315) are cladded with A-Iran 05 lineage of Asia topotype, which was firstly recorded in Egypt during 2010 (Sobhy et al., 2018; WRLFMD, 2018) and the last report was during 2017 (Shahen et al., 2020), indicating a clear difference from EGY/2/2006 (EF208758) and EGY/4/2006 (EF208760) as they were related to Africa topotype genotype VII that were circulating previously, and were incriminated in outbreaks during 2006. They were Clustered in the same group of the vaccine strain A/EGY 1/2012 (KC440882) with identity 99.42 and 99.57%, respectively. While the 3rd isolate of serotype A FMD/A/EGY/AHRI/G1-2020 (OL769313) was genotype IV of the African topotype which was first recorded during 2012 and was recorded in some occasions during 2016 and 2018 (Sobhy et al., 2018; WRLFMD, 2018), indicating clear difference from the vaccine strain A/EGY 1/2012 (KC440882) with identity 85.65%. 

			 

			According to numerous publications, serotype A (Asia topotype) was detected during the last 11 years (Sobhy et al., 2018). Apart from that, serotype A genotype IV (Africa topotype) was identified in 2016-2019 (Soltan et al., 2019, Shahen et al., 2020). The new strain FMD/A/EGY/AHRI/G1-2020 (OL769313) presented similarity to previously described strains from Sudan in 2018 (92.74%–92.11) and Ethiopia in 2015 (93.38%). These findings suggest the possibility of genotype-IV entrance to Egyptian territories directly from Sudan or Ethiopia as was previously described (Duchatel et al., 2019). 

			 

			Moreover, the deduced amino acid sequences of currently circulating serotype A of genotype Iran-05 were genetically related to the vaccination strain, with only minor differences in some amino acids. While the genotype VII was closely related to strains recently isolated in 2020 by (Hassan et al., 2022) but deviated from the previously published Egyptian sequences either African genotype-VII or Asian genotype-Iran-05 as shown in Figure 4. Furthermore, Multiple amino acid substitutions were observed in VP1 gene in the major antigenic regions in comparison to the local vaccinal strain.  The amino acid constitution among the circulating FMDV serotype A African genotype VII and vaccinal strain A/ EGY/1/2012 exhibited significant amino acid variation in the FMDV antigenic sites. These areas range from 43-44, 136–151, 149 and 198–204 of VP1 amino acids (Table 4, Figure 5). In those positions, the majority of the amino acid changes were conserved. Some residues, on the other hand, were identified as surface or significant antigenic sites (Reeve et al., 2016). As previously reported by the WRLFMD (2016), the vaccine strain of origin (Iran-05) demonstrated no protection against G-IV strains in a vaccine matching challenge test. So, our results assured that the locally produced trivalent inactivated vaccine should be changed to include the serotype A lineage. (A/AFRICA/G-IV) to the vaccine in accordance with WRLFMD, (2021).

			 

			Conclusion

			 

			The recent study shows that the recently circulating FMDV serotype A in 2019-2020 in Egypt belongs to Asian Iran-05 and Africa GIV topotypes.  The circulating serotype A isolates were Asian Iran-05 that are closely related to the vaccinal strain while the circulating Africa GIV one exhibited remarkable genetic differences and its inclusion in the locally polyvalent vaccine is a timely decision to reduce the risk of future FMD outbreaks.

			 

			Acknowledgements 

			 

			The authors are grateful to the Genome Research Unit of the Animal Health Research Institute for their assistance in completing this study.

			 

			Conflicts of Interest 

			 

			There are no conflicts of interest stated by the authors.

			 

			authors contribution

			 

			All authors contributed equally.

			 

			References

			 

			Abd El-Rhman MM, Abo El-Hassan DG, Awad WS, Salem SAH (2020). Serological evaluation for the current epidemic situation of foot and mouth disease among cattle and buffaloes in Egypt. Vet. World. 13(1):1-9. Https://doi.org/10.14202/vetworld.2020.1-9. 

			Abd El-Rhman MM., Salem SAH, 00Abdel-Hamid IB, Abo El-Hassan DG (2021). ‘Molecular and serological typing of foot-and-mouth disease virus serotypes currently circulating in Egypt’, Iraqi J. Vet. Sci., 35(3): 581-588. Https://doi.org/10.33899/ijvs.2020.127327.1495

			Ahmed HA, Salem SAH, Habashi AR, Arafa AA, Aggour MGA, Salem GH, Gaber AS, Selem O, Abdelkader SH, Knowles NJ, Madi M, Wadsworth BJ, Hutchings GH, Mioulet V, Hammond JM, King DP (2012). Emergence of foot-and-mouth disease virus SAT 2 in Egypt during 2012. Transbound. Emerg. Dis. 59: 476-481. Https://doi.org/10.1111/tbed.12015.

			Bachanek-Bankowska K, Mero HR, Wadsworth J, Mioulet V, Sallu R, Belsham G, Kasanga CJ, Knowles N J, King DP (2016). Development and evaluation of tailored specific real-time RT-PCR assays for detection of foot-and-mouth disease virus serotypes circulating in East Africa Africa. J. Virolog. Methods J. Virolog. Methods. 237(237): 114–120. Https://doi.org/10.1038/s41598-018-32693-8. 

			Callahan JD, Brown F, Osorio FA, Sur JH, Kramer E, Long GW, Lubroth J, Ellis SJ, Shoulars KS, Gaffney KL, Rock DL, Nelson WM (2002). Use of a portable real-time reverse transcriptase polymerase chain reaction assay for rapid detection of foot-and-mouth disease virus. J. Am. Vet. Med. Assoc. 220(11):1636–42. Https://doi.org/10. 2460/javma. 2002. 220. 1636.

			Carrillo C, Tulman ER, Delhon G, Lu Z, Carreno A, Vagnozzi A, Kutish GF, Rock DL (2005). Comparative genomics of foot-and-mouth disease virus. J. Virol. 79, 6487–6504. Https://doi.org/10.1128/JVI.79.10.6487-6504.2005.

			Cottam EM, Haydon DT, Paton DJ, Gloster J, Wilesmith JW, Ferris NP, et al. (2006). Molecular epidemiology of the foot-and-mouth disease virus outbreak in the United Kingdom in 2001. J. Virol. 2006;80(22):11274–82. Https://doi.org/10. 1128/ JVI. 01236-06.

			Duchatel F, Bronsvoort BMC, Lycett S (2019). Phylogeographic Analysis and Identification of Factors Impacting the Diffusion of Foot-and-Mouth Disease Virus in Africa. Front. Ecol. Evol. 7:371. Https://doi.org/10.3389/fevo.2019.00371.

			El-Bagoury GF, El-Habbaa AS, Gamil MA, Fawzy HG (2014). Evaluation of an inactivated combined oil vaccine prepared for foot and mouth disease and bovine ephemeral fever. Benha Vet. Med. J. 27(1): 221-231. Https://doi.org/10.21608/bvmj.2015.32757.

			El-mayet FS, Sharawi SSA, El-Habbaa AS, Shahen NM, Hagag NM (2020). Rapid detection and isolation of Foot and Mouth Disease Virus in samples from clinically suspected animals in Egypt during 2016-2019. Benha Vet. Med. J. 39:135-140 Https://doi.org/10.21608/bvmj.2020.30110.1208. 

			Felsenstein J (1985). Confidence limits on phylogenies: an approach using the bootstrap. Evolution. 39(4):783. Https://doi.org/10. 2307/ 24086 78.

			Fernandez-Sainz I, Gavitt TD, Koster M, Ramirez-Medina E, Rodriguez YY, Wu P, Silbart LK, delos-Santos T, Szczepanek SM (2019). The VP1 G-H loop hypervariable epitope contributes to protective immunity against Foot and Mouth Disease Virus in swine. Vaccine. 37: 3435–3442. Https://doi.org/10.1016/j.vaccine.2019.05.019.

			Food and Agriculture Organization (FAO) (2016). Foot and Mouth Disease Situation, Monthly Report. Available at: http://www.fao.org/fileadmin/user_upload/eufmd/docs/FMD_monthly_reports/2016/Monthly_Report_January_2016.pdf. Last accessed on 20-12-2019.

			Fry EE, Lea SM, Jackson T, Newman JW, Ellard FM, Blakemore WE, Abu-Ghazaleh R, Samuel A, King AM, Stuart DI (1999). The structure and function of a foot-and-mouth disease virus-oligosaccharide receptor complex. EMBO J. 1999, 18: 543–554. Https://doi.org/10.1093/emboj/18.3.543

			Hall TA (1999).  BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucleic Acids Symp. Ser.41:95-98.

			Hassan AM, Zaher MR, Hassanien RT et al. (2022). Molecular detection, phylogenetic analysis and genetic diversity of recently isolated foot-and-mouth disease virus serotype A African topotype, Genotype IV. Virol. J. 19, 1.Https://doi.org/10.1186/s12985-021-01693-y

			Herod MR, Gold S, Lasecka-Dykes L, Wright C, Ward JC, McLean TC, Forrest S, Jackson T, Tuthill TJ, Rowlands DJ, et al. (2017). Genetic economy in picornaviruses: Foot-and-mouth disease virus replication exploits alternative precursor cleavage pathways. PLoS Pathog. 13, e1006666. Https://doi.org/10.1371/journal.ppat.1006666.

			Knight-Jones TJD, Robinson L, Charleston B, Rodriguez LL, Gay C, Sumption KJ, Vosloo W (2016). Global foot-and-mouth disease research update and gap analysis: Epidemiology, wildlife and economics. Transbound. Emerg. Dis. 63: 14–29. Https://doi.org/10.1111/tbed.12522.

			Knowles NJ, Samuel AR, Davies PR, Midgley RJ, Valarcher JF (2005). Pandemic strain of foot-and-mouth disease virus serotype O. Emerg. Infect. Dis. 11: 1887–1893. https://doi.org/10.3201/eid1112.050908

			Knowles NJ, Wadsworth J, Bachanek-Bankowska K, King DP (2016). VP1 sequencing protocol for foot and mouth disease virus molecular epidemiology. Rev. Sci. Tech. 35(3): 741-755. Https://doi.org/10.20506/rst.35.3.2565.

			Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018). MEGA X: molecular evo- lutionary genetics analysis across computing platforms. Mol. Biol. Evol. 35(6):1547–9. Https://doi.org/10.1093/molbev/msy096.

			Marrero R, Limardo RR, Carrillo E, König GA, Turjanski AGA (2015). Computational study of the interaction of the foot and mouth disease virus VP1 with monoclonal antibodies. J. Immunol. Methods. 425: 51–57. Https://doi.org/10.1016/j.jim.2015.06.008

			Martinez-Salas E, Belsham GJ (2017). Genome organization, translation and replication of foot-and-mouth disease virus RNA. In Foot-and-Mouth Disease Virus: Current Research and Emerging Trends; Sobrino, F., Domingo, E., Eds.; Caister Academic Press: Norfolk, UK. 13-42. Https://doi.org/10.21775/9781910190517.02.

			OIE (Office International des Epizooties) (2018). Terrestrial Animal Health Code, 27th Ed. OIE, Paris, France. Available at: www.oie.int/en/internationalstandard (accessed on 27 February 2019).

			OIE (2020a). Old Classification of Diseases Notifiable to the OIE. Available at: http://www.oie.int/en/animal-health-in-the-world/the-world-animal-health-information-system/old-classification-of-diseasesnotifiable-to-the-oie-list-a/

			OIE (2020b). Manual 7 Sample collection and transport. Available at: https://rr-asia.oie.int/wp-content/uploads/2020/02/seacfmd-manual-7.pdf

			OIE (2021). Foot and mouth disease. Chapter 3.1.8. Terrestrial Animal Health Code. World Organization for Animal Health, Paris, France. Available at:  https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.01.08_FMD.pdf

			Parida S (2009). Vaccination against foot-and-mouth disease virus: strategies and effectiveness. Expert Rev. Vacc. 8(3): 347-365. Https://doi.org/10.1586/14760584.8.3.347.

			Paton DJ, Sumption KJ, Charleston B (2009). Options for control of foot-and-mouth disease: Knowledge, capability and policy. Philos. Trans. R. Soc. Lond. B Biol. Sci. 364: 2657–2667. Https://doi.org/10.1098/rstb.2009.0100.

			Pybus OG, Rambaut A (2009). Evolutionary analysis of the dynamics of viral infectious disease. Nat. Rev. Genet. 10(8):540–50. Https://doi.org/10. 1038/ nrg25 83.

			Racaniello RR (2001). Picornaviridae: The Viruses and Their Replication. In FieldsVirology, 4th ed.; Fields, B.N., Knipe, D.M., Howleym, P.M., Eds.; Lippincott Williams and Wilkins, Lippincott-Raven Publishers: Philadelphia, PA, USA, pp. 685–722.

			Reeve R, Borley DW, Maree FF, Upadhyaya S, Lukhwareni A, Esterhuysen JJ, Harvey WT, Blignaut B, Fry EE, Parida S, Paton DJ, Mahapatra M (2016). Tracking the antigenic evolution of foot-and-mouth disease virus. PLoS ONE. 11(7). Https://doi.org/10.1371/journal.pone.0159360.

			Rodríguez-B H, Celis-Giraldo C, Patarroyo ME, Avendaño C, Patarroyo MA (2020). A Comprehensive Review of the Immunological Response against Foot-and-Mouth Disease Virus Infection and Its Evasion Mechanisms, Vaccines. 8: 764. Https://doi.org/10.3390/vaccines8040764.

			Roskams J, Rodgers L (2002). Lab Ref, Volume 1: A Handbook of Recipes Reagents, and Other Reference Tools for Use at the Bench. ISBN9781936113798. https://books.google.com.eg/books?id=JbOvuAAACAAJ.

			Saduakassovaa MA, Sultanova AA, Kutumbetova LB, Wadsworth J, Wood BA, Knowles NJ, King DP, Bachanek-Bankowska K (2018). Development and evaluation of a novel real-time RT-PCR to detect foot and mouth disease viruses from the emerging A/ASIA/GNVII lin eage. J. Virol. Methods. 252(2018): 37-41. Https://doi.org/10.1016/j.jviromet.2017.10.023.

			Samuel A (2001). Foot-and-mouth disease type O viruses exhibit genetically and geographically distinct evolutionary lineages (topotypes). J. Gen. Virol. 82(3): 609-621. https://doi. org/10.1099/0022-1317-82-3-609

			Saitou N, Nei M (1987). The neighbor-joining method: a new method for reconstructing phylogenetic trees. Mol Biol Evol. Oxford Academic. 4(4):406–25. Https://doi.org/10.1016/j.jviromet.2017.10.023.

			Shahen N M, Aboezz ZRA, Elhabba AS, Hagaa N, Sharawi SS (2020). Molecular matching of circulating foot and mouth disease viruses and vaccinal strains in Egypt, 2016-2019. Benha Vet. Med. J. 39(2): 132-137. Https://doi.org/10.21608/BVMJ.2020.50573.1299.

			Shanafelt D, Perrings C (2017). Foot and mouth disease: The risks of the international trade in live animals. Rev. Sci. Tech. l’OIE. 36: 839–865. Https://doi.org/10.20506/rst.36.3.2719.

			Shehata AA, El-deeb AH, Ahmed H., Valarcher JF, Shalaby MA (2016). Development of One step Multiplex RT-PCR assay for differentiation of Foot and Mouth disease virus serotypes A, O and SAT2 circulating in Egypt, in: Open Session of the Standing Technical and Research Committees of the European Commission for the Control of Foot-and-Mouth Disease. Cascais, Portugal.

			Singh RK, Sharma GK, Mahajan S, Dhama K, Basagoudanavar SH, Hosamani M, Sreenivasa BP, Chaicumpa W, Gupta VK, Sanyal A (2019). Foot-and-Mouth Disease Virus: Immunobiology, Advances in Vaccines and Vaccination Strategies Addressing Vaccine Failures, An Indian Perspective. Vaccines. 7: 90. Https://doi.org/10.3390/vaccines7030090

			Sobhy NM, Bayoumi YH, Mor SK, El-Zaher HI, Goyal SM (2018). Outbreaks of foot and mouth disease in Egypt: Molecular epidemiology, evolution and cardiac biomarkers prognostic significance. Intern. J. Vet. Sci. Med. 6(1):22-30. Https://doi.org/10.1016/j.ijvsm.2018.02.001 

			Soltan MA, Bazid AI, Fawzy M, Wasfy MO, Soliman SM, Shahein M, El-Sayed MM (2019). Genetic characterization of Foot and Mouth disease virus (FMD) serotypes in Egypt (2016-2017) and identification of a new lineage of serotype O topotype EA3. Pak. Vet. J. 39(4): 2074-7764. Https://doi.org/10.29261/pakvetj/2019.061.

			WRLFMD (World Reference Laboratory for Foot-and-Mouth Disease) (2016). Pirbright, Woking, UK. Genotyping Report. 2016.https://www.wrlfmd.org/country- reports/country-reports-2016.

			WRLFMD (2018). Pirbright, Woking, UK. OIE/FAO reference laboratory network annual report. 2018. https:// www. wrlfmd. org/ sites/ world/ files/ WRLMEG- 2018-0 0004-E GY-G TR-O-A _ 001. pdf.

			WRLFMD (2020). Pirbright, Woking, UK. OIE/FAO reference laboratory network annual report.https://www.wrlfmd.org/sites/world/files/quick_media/OIE-FAO%20FMD%20Ref%20Lab%20Report%20Oct-Dec%202020%20v3.pdf

			WRLFMD (2021). Pirbright, Woking, UK. OIE/FAO reference laboratory network annual report.https://www.wrlfmd.org/sites/world/files/quick_media/OIE-FAO%20FMD%20Ref%20Lab%20Report%20Jan-Mar%202021.pdf

			 

			 

		

	OEBPS/image/814.png
OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

Research Article

Gheck for
updates.

Molecular Detection of FMIDV Serotype A Isolated from the Egyptian
Delta During 2019-2020

GAWHARA AHMED-ABDELMONEM', ZEINAB ABOEZZ?, AHMED HABASHI', SAAD SHARAWT?

!Department of Virology, Animal Health Research Institute, Dokki, Giza, Egypt; 2Department of Virology, Faculty
of Veterinary Medicine, Moshtohor, Benha University.

Abstract | Egypt is one of the countries threaten with foot and mouth disease virus (FMDV) that attacks animals
every year. The introduction of new topotypes/lineages of the existing FMD viruses represents a constant risk for cattle
production. Serotype A is one of FMDV that is already existing and incriminated lastly in serval problems in cattle
population. So, this study aimed at molecular characterization of serotype A FMDV that has been involved in the
latest FMD outbreaks in Egypt. Thirty-six samples (26 blood and 10 oral epithelial tissue samples) were obtained from
suspected cattle in three Egyptian governorates during 2019-2020. The samples were screened for FMDV by means
of real-time RT-PCR that showed nearly 86% (n=31) of the examined samples to be FMDV positive. Virus isolation
was carried out on ten of the FMDV positive samples that were selected according to their cycle threshold (C,) values.
Moreover, the serotype A amplicons were subjected to sequencing of the VP1 gene. Through phylogenic analysis of
three FMDV serotype A isolates, it has been deduced that two isolates were clustered to Asian Iran-05 topotype
with close similarities (99.42-99.57%) to the local vaccine strain, while the other one belonged to African topotype
genotype IV (GIV) and was genetically different from the local vaccine strain with 85.65% identity. These findings
support the suggestion of adding the African topotype GIV as a supplementary vaccine to the currently used one.
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ease virus (FMDV)) is a positive sense RNA virus that be-
longs to genus Aphthovirus of family Picornaviridae. There
are 7 genetically and antigenically different serotypes: A, O,
C,SAT1,SAT2,SAT3,and Asia 1 (Rodriguez etal.,2020).

Each serotype has several topotypes which are further di-

INTRODUCTION

I Voot and mouth disease (FMD) is one of the most threat-
ening infectious vesicular viral diseases of domestic and
wild cloven-hoofed animals, mostly cattle, sheep, goats, and

swine (Knight-Jones et al., 2016; Shanafelt and Perrings,
2017). Further, FMD is a cross border disease that rapid-
ly spread between countries causing severe economic and
social impact in accordance to the World Organization for

Animal Health (OIE) (OIE, 2020a). Foot and mouth dis-

vided into lineages with diverse genotypes (Saduakasso-
vaa et al., 2018). The genome of each serotype is about 8.2
Kb and is surrounded by a protein capsid (Martinez-Salas
and Belsham, 2017). The capsid includes 60 copies of four
structural proteins (VP1-4). VP1, 2 and 3 are exposed on
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