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1  | INTRODUC TION

Bovine Ephemeral Fever (BEF) is an economically important dis-
ease that occurs in tropical and subtropical areas of Africa, the 
Middle East, Asia and Australia (Walker & Klement, 2015). The 
causative virus is classified in the genus Ephemerovirus within the 
Rhabdoviridae family (Pyasi et al., 2020). It is transmitted through 
several vector species including Culicoides and mosquitoes and 
it causes an acute inflammatory disease in cattle and water buf-
falo (Bakhshesh & Abdollahi, 2015; Cybinski et al., 1990; Pyasi 
et al., 2020). BEF disease negatively impacts the beef and dairy in-
dustry through reduced milk production, infertility and abortions 
in late- pregnancy (Bakhshesh & Abdollahi, 2015; Gao et al., 2017). 
Since the first documented case in Zimbabwe in 1906, the disease 
has been reported in Uganda, Kenya, Sudan, South Africa and other 
sub- Saharan countries (Dacheux et al., 2019). In South Africa, dis-
ease control is achieved through the annual administration of a live 
attenuated vaccine subcutaneously in susceptible cattle. Currently, 
Onderstepoort Biological Products (OBP) is the sole supplier of the 

registered B- Phemeral vaccine against BEF in South Africa. Vaccine 
and field strains from South Africa have not been completely char-
acterised. This is the first report of Bovine Ephemeral fever virus 
(BEFV) vaccine genomes of South African origin. The vaccine strain 
genome was comparatively analysed with a South African field 
strain and with published genomes from the Australian, Middle 
East and East Asian lineages.

2  | METHODS AND MATERIAL S

2.1 | Virus and Cells

African Green Monkey Kidney (Vero) cells were maintained at 37°C 
with 5% CO2 in Glasgow Minimum Essential Media (GMEM) (Gibco) 
supplemented with 10% (v/v) new- born calf serum (Cell Sera). The 
BEF virus strains; commercial vaccine isolated in Onderstepoort, 
South Africa in 1973 and a 2008 South African field strain of un-
known passage history were propagated in Vero cells using GMEM 
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Abstract
Bovine Ephemeral fever virus (BEFV) is endemic in South Africa and has a negative 
economic impact on the meat and dairy industries. Bovine ephemeral fever or three- 
day stiff- sickness is controlled through annual vaccination with a live attenuated virus 
manufactured by Onderstepoort Biological Products (South Africa). We announce 
the genome sequences of two South African Bovine Ephemeral Virus strains; the live 
attenuated vaccine strain (14 876 nucleotides) and a field strain (14 883 nucleotides). 
A mutation in the alpha 3 open reading frame rendered the gene non- functional in 
both genomes. Phylogenetic analysis based on the glycoprotein gene showed that 
the two strains clustered with the South African lineage.
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media without serum. Cultures were maintained at 37°C until ≥80% 
cytopathic effects were observed.

2.2 | Sequencing and phylogenetic analysis

Total RNA was extracted using TRI Reagent LS (Sigma) according to 
the manufacturer's protocol. Sequencing was carried out using the 
next- generation sequencing (NGS) Illumina MiSeq Platform (Inqaba 
Biotechnical Industries (Pty) Ltd.), and data were assembled using 
the CLC Genomics Workbench 9.5.3. Genome sequences were de-
duced through a combination of de novo assembly and mapping to 
published sequence data. Gap closure was performed through cDNA 
synthesis using the Quantitect Reverse Transcription kit (Qiagen). 
Multiple sequence alignments of the glycoprotein (G) gene were 
conducted using BioEdit (version 7.0.5.3) (Hall, 1999). A phylogenetic 
tree of the G gene was constructed on MEGA 7 (Kumar et al., 2016) 
using Maximum Likelihood (Jukes & Cantor, 1969) with 1000 boot-
straps. The tree with the highest log likelihood (−5481,8,369) is 
shown. Initial tree(s) for the heuristic search were obtained auto-
matically by applying Neighbour- Join and BioNJ algorithms to a ma-
trix of pairwise distances estimated using the Maximum Composite 
Likelihood (MCL) approach, and then selecting the topology with su-
perior log likelihood value. The tree was drawn to scale, with branch 
lengths measured in the number of substitutions per site. The analy-
sis involved 31 nucleotide sequences. Codon positions included 
were 1st+2nd+3rd+Noncoding. All positions containing gaps and 
missing data were eliminated. There were a total of 1541 positions in 
the final dataset. Evolutionary analyses were conducted in MEGA 7.

3  | RESULTS AND DISCUSSION

The genomes of two South African strains were assembled through 
a combination of de novo and mapping to genomes from Australia, 
China and Israel available on Genbank. Recovered genome sizes 
for the vaccine and field strains were 14 876 and 14 883 nucleo-
tides, respectively. The genome sequences were deposited in the 
GenBank database under the accession numbers MW512963 and 
MW463337. A comparison of the length of the deduced protein se-
quences showed uniformity across all reading frames (Table S1) but 
with varied intergenic regions. The putative genome organisation of 
BEFV was observed in both strains (Figure S1). The α3 gene which 
plays a role in apoptosis during viral replication (Jiang et al., 2020) 
was non- functional in both genomes due to a mutation in the start 
codon. This observation concurred with the recently published 
African BEFV genomes from Mayotte island (Dacheux et al., 2019). 
A pairwise alignment of all the deduced amino acid sequences 
showed 99.1%– 100% similarity (Table S1). Variations between the 
two genomes were confined to 10 amino acids located on the N, 
M, G, Gns and L proteins (Table 1). The vaccine is derived from the 
1973 wild- type BEF isolate EF13 attenuated though serial passage in 
baby hamster kidney cells (Theodoridis et al., 1973). The field strain TA
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was obtained in 2008 and recently isolated strains were unavail-
able. Hence the degree of representation of circulating strains was 
unclear. Although preliminary data suggest that these amino acids 
may have a role in establishing the attenuation of the vaccine strain, 
further comparison with other whole genome sequences of South 

African origin is necessary. When these variant amino acids were 
compared with BEFV from Mayotte island, Australia, China, Israel, 
Turkey and Thailand, four unique vaccine amino acid residues were 
present in the South African vaccine strain only; Thr10 on the puta-
tive N protein, Ile435 on the G protein, Asn167 on the Gns protein 

F I G U R E  1   Multiple alignment of G 
Gene deduced amino acid sequences 
of isolates from South Africa, Mayotte 
island, Australia, China, Israel, Turkey and 
Thailand. The residues which differed 
from the South African BEFV vaccine are 
denoted

F I G U R E  2   Phylogenetic profile of the 
BEFV G gene sequences was constructed 
using the Maximum Likelihood method 
with 1 000 bootstrap replicates shown 
at the node (>70). The tree divided into 
5 phylogenetically distinct groups that 
included Australia, East Asia, the Middle 
East, Mayotte island and South African 
were evident
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and Val1 987 on the L protein. The amino acid residues were fairly 
conserved across the lineages in comparison to the South African 
genomes. The uniqueness of these amino acid substitutes may indi-
cate that one or more of these were involved in the transformation 
of a wild- type virus into an attenuated vaccine strain. Moreover the 
Gns, β and L amino acid sequences of the South African strains var-
ied in length when compared to proteins from the selected regions. 
The Gns protein of the South African vaccine and field strains was 
determined at 578 amino acids (aa) whilst all other regions reported 
a longer length of 586aa. Also, the β amino acid sequence of isolates 
from Mayotte island, China, Israel and Thailand was 147aa, whereas 
South African isolates possessed an extra amino acid residue (Lys36) 
giving a length of 148aa. The corresponding protein from Australia 
and Turkey was determined to be 107aa.

Four antigenic sites on the glycoprotein (G1, G2, G3 and G4) 
constitute the major neutralisation sites (Walker & Klement, 2015; 
Zheng & Qiu, 2012). A pairwise comparison of the two South African 
glycoprotein genes showed ≥98% similarity with four identified vari-
ant amino acid residues (Table 1) located outside the neutralising 
antigenic regions. A comparison of G proteins from various regions 
showed alternative residues at the G1- 3 sites (Figure 1). An assess-
ment of the linear G1 antigenic site showed South African strains 
had amino acid residue Ile496 while other regions had Val496. In the 
G2 antigenic site, a single variation in residue was identified where 
South African strains contained Ala179 and other regions had Thr179 
or Met179. In the discontinuous G3 antigenic site, five residue varia-
tions were present where the South African strains differed from the 
almost uniform residues present in other regions. A pairwise com-
parison of the vaccine strain with published South African glycopro-
tein sequences gave amino acid identities and similarities of >97%. 
A phylogenetic tree was constructed with glycoproteins from the 
three lineages (Australia, Middle East and East Asia) together with 
African sequences from Mayotte island (Dacheux et al., 2019) and 
South Africa (Omar et al., 2020) (Figure 2). The South African strains 
grouped into the recently described lineage (Omar et al., 2020) 
which was separate from strains from Mayotte island. The data are 
useful in vaccine product development and suggests that vaccine 
strains derived from one lineage may not confer protection. Efficacy 
against other areas will have to be proven.
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