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Abstract

Bovine ephemeral fever (BEF) is characterized by high fever, nasal and eye discharge, excessive salivation, muscle
weakness, yield losses and or with high morbidity and low mortality. The first epidemic of BEFV in Turkey occurred in
1985 since then epidemics were reported every 2-4 years in the south and southeastern regions of Turkey. Since the
first detection of the virus in Turkey, the BEF virus was reported from other parts of the country except the Aegean
Region. In November 2020, the possible outbreaks of BEF were reported from two different locations of the Aegean
Region in Turkey. In this study, it was aimed to determine the molecular characterization and possible origin of the
virus that caused the epidemic in the Aegean Region. For this purpose, blood samples collected from clinically
infected animals were tested by RT-qPCR, and complete G gene sequences were carried out of the positive sample
using the primers designed in this study. According to the phylogenetic analysis, virus is located in the Middle East
lineage. Based on field observations and the data obtained in the study, it was thought that the spread of the virus to
the Aegean Region was caused by animal movements from other regions.
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Introduction
Bovine ephemeral fever (BEF) is characterized by high fever, nasal and eye discharge, excessive salivation, muscle
weakness, and yield losses (Akakpo, 2015; Walker & Klement, 2015; Lee, 2019). This arthropod-borne viral disease
of buffalo and domestic cattle is also known as three-day fever or three-day disease and is caused by bovine
ephemeral fever virus (BEFV). BEFV, species Ephemerovirus febris, belongs to the Ephemerovirus genus of the
Apharhabdovirinae subfamily of the Rhabdoviridea family (Dietzgen et al., 2012). The structure of BEFV virion is
enveloped, bullet-shaped, 70-140 nm in size, and slightly tapers toward the rounded tip (Holmes & Doherty, 1970).
The genome is a negative-sense, single-stranded RNA molecule, consisting of ~14.9kb nucleotides (Walker, 2005).
Five structural proteins, namely the nucleoprotein (N), glycoprotein (G), RNA dependent RNA polymerase (L), matrix
protein (M) and phospho-protein (P), are encoded from the genome (Walker et al., 1991). The G protein is a surface
protein and contains target sites for neutralizing antibodies. Four antigenic epitope regions, designated as G1, G2, G3
and G4 were previously described for the G protein (Cybinski et al., 1990; Kongsuwan et al., 1998). Additional regions
AA67-74, AA132-149, AA196-225,and AA315-546 that may also contain possible antigenic epitope regions have been
described previously and they have been designated as site-I, II, III and IV, respectively in this study (Bakhshesh et
al., 2018). Even though BEFV is considered to be serologically uniform, it is genetically divided into four lineages
referred to as Australia, East Asia, Middle East, and South Africa, based on the phylogenetic characterization of the G
protein sequence (Aziz-Boaron et al., 2012; Trinidad et al., 2014; Omar et al., 2020; Pyasi et al., 2020).

The disease is non-contagious but transmitted by various mosquito and Culicoides species, especially species
belonging to the Culicidae family (Finlaison et al., 2010). It is widespread in East, South, and Southeast Asia, Australia
as well as some parts of Africa (Lee, 2019). The first epidemic of BEFV in Türkiye occurred in 1985 (Girgin et al.,
1986) and since then, epidemics have been reported to occur every 2–4 years in the south and southeastern regions
of Türkiye (Aziz-Boaron et al., 2012). The occurring epidemics and subsequent serological studies indicate that the
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virus is common around the middle, south, southeast, north, and northwestern parts of the country (Karaoğlu et al.,
2007; Albayrak & Ozan, 2010; Aziz-Boaron et al., 2012; Tonbak et al., 2013; Karayel- Hacıoğlu et al., 2021; Özyörük
et al., 2025). Despite the wide distribution of BEFV in Türkiye, the disease has never been reported in Aegean region.
The Aegean region is located in the west of Türkiye and has suitable climatic conditions for vector activity.

The aim of this study was molecular detection, phylogenetic characterization, and investigation of the origin of BEFVs
isolated during an epidemic within two different locations in the Aegean region in November, 2020.

Materials and methods

History of the epidemic
In the beginning of November 2020, cattle presented clinical signs of high fever, eye, and nasal discharge, loss of
appetite, followed by a decrease in milk production in the Nazilli and Söke districts of Aydın. The symptoms continued
for approximately 3-4 days, and the farmers reported these observations to the official veterinarian. The veterinarian
suspected BEF, and whole blood samples were collected and submitted to the İzmir/Bornova Veterinary Control
Institute for diagnosis. Real time reverse transcription polymerase chain reaction (RT-qPCR) identified the presence of
BEFV nucleic acid in the samples. Subsequent field research was carried out by the regional and institute
veterinarians to include additional examinations and sampling. The locations of BEF cases detected in other provinces
and in this study in 2020 are shown in Figure 1.

Figure  1. Locations of BEF cases reported from Türkiye in 2020.

RNA extraction Real Time RT-PCR and RT-PCR
Total nucleic acid extractions were performed using the Roche MagNA Pure LC device and MagNA Pure LC Total
Nucleic Acid Isolation kit (Roche, Germany) in accordance with the manufacturer’s instructions. RT-qPCR tests
targeting the genome of BEFV were performed using the Real Time Ready RNA virus Master kit (Roche, Germany)
and the primer probe set recommended by Erganis et al. (2014). The 20 µl reaction mix consisted of 0.5 µM primers,
0.5 µM probe, as well as 5 µl of sample and was performed under typical cycling conditions with annealing at 60 °C
for 40 cycles.
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Sequencing and phylogenetic analysis
The primers used in this study and encoding the complete G protein gene were designed by our laboratory using Oligo
Analyzer Tool (https://www.idtdna.com/pages/tools/oligoanalyzer) and the reference sequence of BEFV/Ad12/TUR
isolate obtained from GenBank, accession number: KY012742 (Table I). Xpert One Step RT-PCR kit (Grisp) was
used for amplification. The 25 µl reactions contained 0.5 µM primers, Fast PCR master mix, and 5 µl of sample for
each reaction as described by the manufacturer. cDNA synthesis was performed for 15 minutes at 45 °C, and then 3
minutes at 95 °C for hot start, followed by 40 cycles of 95 °C for 10 s, 55 °C for 10 s, and 72 °C for 15 s; and then 72
°C for 1 min for extension. The amplicons were visualized using agarose gel electrophoresis. 

Table  I. Primer combinations used for PCR and sequencing.

PCR products purification and Sanger sequencing of the two samples belonging to two different epidemiological units,
were performed using both forward and reverse primer combinations at a commercial company (Microsynt,
Switzerland). Sequencing reads were assembled and edited using DNADynamo software, and the resulting
consensus sequences were used in subsequent phylogenetic analysis. 

Multiple alignments incorporating the sequences obtained from this study and GenBank were performed using the
ClustalW algorithm in MEGA-X software (Kumar et al., 2018). Maximum likelihood phylogenetic trees of both partial
and complete G gene sequence datasets were constructed using the General Time Reversible model + gamma
distribution (GTR+G) with 1000 bootstrap replicates in the MEGA-X software (Nei and Kumar, 2000; Kumar et al.,
2018).

Amino acid and nucleotide distance
The genetic distances between all the aforementioned G gene sequences were calculated based on both nucleotide
(nt) and predicted amino acid (aa) sequences. Comparisons between the sequences were calculated using isolate
BB7721 from Australia in 1968 (AF234533) as reference sequence. Nucleotide distances of sequences were
calculated in MEGA-X software using GTR+G method, while amino acid distances were calculated using the JJT+G
method. Additional partial sequences, obtained from GenBank, were included in the predictions of amino acids as well
as the putative changes involved in the previously described epitope regions: G1, G2, G3, G4, Site-I, Site-II, Site-III,
and Site-IV.
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Results

Clinical observation and laboratory confirmation
During field investigation, it was determined that 150 farms (Nazilli: 147, Söke: 3) and approximately 1782
(Nazilli:1624, Söke:158) cattle were affected from outbreak occurred villages of Nazilli and Söke, located in the
Aegean Region of Türkiye, in November 2020. Cattle displayed clinical symptoms including high fever, salivation, and
muscle weakness that lasted between 3-4 days. The general condition of the animals improved, however a noticeable
decrease in the milk yield of the infected animals continued for 15-20 days following the clinical symptoms. A morbidity
rate of 80% and no mortality were observed during this period. Blood samples from 11 animals, 9 clinically infected
and 2 recovered, were submitted to the İzmir/Bornova Veterinary Control Institute for laboratory confirmation of
suspected BEF, followed by additional field investigation performed by the veterinarians from the institute. The disease
was confirmed as BEF through RT-qPCR and was suggested to have started nearly 20-25 days prior to the first
sample arriving at the institute. All blood samples both clinically infected and recovered were found to be BEFV
positive. The Ct values of the samples varied between 22 and 32.

Interviews with farmers and official veterinarians indicated that they had never witnessed similar symptoms in the
cattle in this region prior to this outbreak. The interviews additionally indicated that no animals were recently
introduced to the affected or neighboring villages. However, a slaughterhouse in another district, approximately 10 km
away from the affected villages, was reported with continuous movement of animals in and out of the facility.
Subsequent communications with the official veterinarians indicated that they struggled with insect vectors following a
diagnosis of the disease, so no new spread of the disease to neighboring villages was observed.

RT-PCR, sequencing and phylogenetic analysis
Two of the samples (each district was determined as an epidemiological unit and 1 strongly positive sample
representing each unit was sequenced: TR BVKE NZL 2020 and TR BVKE SK 2020) submitted during the outbreaks
from two different locations were subjected to sequence analysis of the G gene region. The sequences obtained in this
study were consisted of 1872 nucleotides in length and were deposited into GenBank under the accession numbers
MZ936269 and MZ936270 respectively.

Maximum Likelihood phylogenetic trees were constructed using both partial and complete G gene sequences. The
phylogenetic tree consisting of partial sequences is presented in Figure 2, whilst the tree containing the complete G
gene is indicated in Figure 3. Irrespective of whether the tree contains partial or the complete G gene region, the
strains obtained in this study clustered with sequences originating from the Middle East. This lineage contains
additional sequences obtained from other studies in 2020. 

The Middle East lineage was sub-divided into four clusters, irrespective of the partial or complete gene region was
used for analysis. The first subgroup includes only EGY12, an isolate from Egypt in 2012 (KJ729108). The second
subgroup contains strains causing epidemics in Türkiye between 2008-2012. The third subgroup contain strains
isolated from Israel and Egypt. The fourth group includes both isolates from India (2018–2019) and all strains isolated
from the 2020 outbreaks in Türkiye (Figures 2, 3).
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Figure  2. ML phylogenetic tree based on the partial nucleotide sequences of the G gene. The numbers at nodes represent bootstrap values (only
values 70% are reported).
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Figure  3. ML phylogenetic tree based on the complete nucleotide sequences of the G gene. The numbers at nodes represent bootstrap values
(only values 70% are reported).

Amino acid, nucleotide distance and comparing antigenic epitopes
The genetic distance between the isolates from Türkiye and other countries was given in table II. The highest
percentage sequence identity to the isolates described in this study, was shared with TR/D2/URF/2020 and
TR/NO3/URF/2020 from Türkiye in 2020 and India (MN839987 and MN905763). The sequences obtained in this
study shared the second highest percentage sequence identity with samples from Türkiye between 2008 and 2012. It
was interesting to note that isolate TR BVKE SK 2020 shared a higher percentage sequence identity with
TR/D2/URF/2020 and TR/NO3/URF/2020 isolates from Türkiye than TR BVKE NZL 2020. 

Totally eight BEF virus sequences have been reported from Türkiye in 2020. While four of these are complete, the
other four are partial sequences of the G gene. Three of the partial sequence (MW680304, MW680305 and
MW680306) have sequences between 75-1002 bases, while one (OR633345) contains nucleotide sequences
between 985-1782 bases of G gene. Since most of the reported sequences in previous years belonged to the first
1000 bp region of the G gene, the strain with the accession number OR633345 could not be included in the
phylogenetic tree. However, in order to avoid data loss, the nucleotide and amino acid similarities between the relevant
sequence and the 2008, 2012 and 2020 isolates from Türkiye and the 2018 and 2019 isolates from India were
calculated and shown in the table III.

A total of 38 aa substitutions were observed in the complete coding region of the G gene. Twenty substitutions were
observed in antigenic epitopes and could be three of these in the G1 epitope (R486K, N499S, K503T), one in the G3
epitope (K224T), three in the G4 epitope (L459I, D465E, V480I), one in Site I (A72D), two in Site III (E198K, N206S)
and ten in site IV. Seven of these were observed in both isolates N366S, V299I, Q410L, G419R, A429T, N435T and
R436K, while (S362L) were unique to TR BVKE NZL 2020 and similarly (S418F) was unique to TR BVKE SK 2020. In
contrast, (A427E) was predicted in both isolates.
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Table  II. The genetic distance between the isolates from Turkey and other countries. The distances of among to nucleotides and amino acids
sequences (left panel: nucleotide, right panel amino acid).
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Table  IIII. Nucleotide and amino acid similarities between OR633345 strain and 2008, 2012, 2020 Türkiye isolates and 2018, 2019 Indian isolates.

Discussion
BEFV could cause epidemics at regular intervals in endemic regions. Recent BEF epidemics in Türkiye occurred in
2008, 2012 and 2020. The 2008 outbreak was limited to the south of the country while the 2012 outbreaks had a
larger distribution towards the northwest of the country (Aziz-Boaron et al., 2012; Tonbak et al., 2013; Karayel-
Hacıoğlu et al., 2021). Serological studies indicated that the virus appeared to be circulating in the north and European
part of the country (Karaoğlu et al., 2007). Until this study, no reports of BEF have been from the Aegean region,
located in the west of the country. This region has suitable climate conditions for the insect vectors involved in BEFV
transmission. On the contrary, a serological study was performed in two provinces in Aegean region, but, researchers
found that no seropositivity of BEFV (Erol et al., 2015). The first BEFV detection in 2020 was reported from the Cizre
district of Şırnak province in Türkiye in March followed by from Şanlıurfa in September (Karayel-Hacıoğlu et al., 2021;
Özyörük et al., 2025). Two small-scale epidemics that occurred concurrently in two different locations in the Aegean
region, the subject to this study, occurred nearly eight months after abovementioned outbreaks. In addition to the long
distances that the insect vectors could travel aided by air flow, animal transportation to this region could be
responsible for the spread of BEFV (Aziz-Boaron et al., 2012). It is thought that the slaughterhouses located in close
distance (10 kilometers) to two epidemic areas may play a role of spread of BEFV to the Aegean region. Animals could
be transported from all part of country in slaughterhouses. According to interviews with official veterinarians, they
reported that some animals were transported to slaughterhouse from southeast of Türkiye where BEFV was detected
provinces. In addition, the onset of the epidemic coincided with the months when temperatures decreased resulting in
a decline in vector activity, which may play a role in limiting the spread of the epidemic.

Phylogenetically, the BEFVs involved in the 2008 outbreak in Türkiye clustered within the Middle East lineage, whilst
the isolates detected from 2012 outbreak clustering in both the East Asia and Middle East lineages (Aziz-Boaron et al.,
2012; Tonbak et al., 2013). In contrast, all the isolates clustered within in the Middle East lineage in 2020. Totally eight
isolates reported from Türkiye in 2020, two of them this study, two of reported by Karayel Hacıoğlu (2021)
(MW387420, MW387421), one of reported by Özyürük (2025) (OR633345) and three of obtained from Genbank
(MW680304, MW680305 and MW680306). Strains detected in this study shared a higher percentage sequence
identity to the 2018-2019 India strains than the 2008-2012 Türkiye strains. These findings support the hypothesis of
Özyörük (2025) that a BEFV strain was introduced from India in 2020 and subsequently spread from southeast to
west of Türkiye.

Phylogenetic analysis both partial and complete G gene sequences sub-divided the Middle East lineage into four
subgroups. These subgroups contain isolates from Egypt, Türkiye, Israel and India representing outbreaks in 2008,
2012 (Türkiye), 2000, 2006 and 2010 (Israel), 2017 (Egypt) and 2018, 2019 (India) as well as the 2020 (Türkiye).
This indicates the necessity to study the evolutionary dynamics of the virus in association with its epidemiology and
global distribution. 

Investigation of the predicted amino acid exchanges in the previously described antigenic epitope areas (G1, G2, G3,
G4, Site I, Site II, Site III, Site IV), G2, Site II areas and G3 area aa49-63 suggests sequence conservation. The other
possible changes in antigenic epitope areas were residue substitution. The two isolates described in this study had
three individual exchanges in Site IV region. Even though BEF virus is a single serotype, identifying novel differences
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in the genotypes could provide useful information in the protectiveness of vaccines against different genotypes.

Conclusion
This study described the first detection and molecular characterization of BEFV isolated from the Aegean region. The
origins of the viruses involved in this outbreak could be from the south-southeast of the Türkiye through animal
movements. Additionally, in this study, new primer design was performed to be used in Sanger sequencing analysis.
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