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ABST RACT
Epizootic haemorrhagic disease virus (EHDV) causes a systemic viral infection primarily affecting deer but 
has also led to significant economic losses in cattle. In Türkiye, the infection was first reported in Mugla 
province in 2007 and has caused fatalities in Aydın province as well. The disease is characterised by systemic 
blood circulation disorders and death. Data on the epizootiological, clinical, and pathological characteristics 
and virulence of EHDV in sheep, goats, and camels in Aydın province are very limited. The role of these 
animals as hosts for the virus is unknown. This study investigated EHDV infection in serum samples 
collected from 40 goats, 55 sheep, and 68 camels. Samples were tested for EHDV-specific antibodies using 
a commercial enzyme-linked immunosorbent assay. Antibodies against EHDV were detected in five of the 
68 camels (7.3%), seven of the 40 goats (17.5%), and four of the 55 sheep (7.3%). These findings suggest 
that natural EHDV infection is present and may still be circulating in camels, goats, and sheep in the region. 
Since EHDV may cause subclinical or atypical symptoms, these animals could play a role in the epidemiology 
of EHDV infections. Additionally, the virus may occasionally cause outbreaks, resulting in economic losses 
in the Aegean region. To our knowledge, this is the first report of serological evidence of natural EHDV 
infection in camels and goats in Türkiye. Results from this preliminary study may be useful in larger future 
studies aimed at preventing and controlling the infection.
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INTRODUCTION
Epizootic hemorrhagic disease virus (EHDV) is a member of 
the Orbivirus genus within the Sedoreoviridae family (1). It 
has a double-stranded segmented RNA genome. Officially, 
seven serotypes of EHDV (EHDV-1, -2, -4, -5, -6, -7, and 
-8) have been recognized (1, 2, 3, 4). However, novel EHDV 
strains from South Africa, Japan, and China have been 
proposed as possible serotypes (4). The virus is transmitted 
between ruminants by midges of the genus Culicoides spp. (5). 

Epizootic hemorrhagic disease (EHD), sometimes 
referred to as deer disease, can cause significant mortality 
events in deer populations but has also been linked to severe 

clinical symptoms, major loss of productivity, and death in 
cattle (6). The infection in white-tailed deer leads to serious 
illness. Although it is thought that EHDV rarely causes dis-
ease in domestic ruminants, the infection was first seen in the 
form of severe clinical symptoms in cattle and outbreaks in 
Israel and Türkiye in the years 2006-2007 (6, 7, 8). 

Data on the prevalence and virulence of the virus and 
the clinical and pathological findings in camels, goats, and 
sheep are very limited in literature. It is assumed that sheep 
are susceptible to EHDV infection but rarely develop clini-
cal symptoms (9, 10). In an outbreak in Israel, Kedmi et al. 
(11) concluded that sheep had no part in the epizootiology 
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since they could not identify any signs of EHDV infection 
in sheep. It is not yet clear how goats serve as hosts for the 
EHDV virus (5). Goats are not considered susceptible to 
infection. However, some researchers consider that a propor-
tion of goats, as in sheep, may develop a low level of viremia 
(12). EHDV antibodies have been detected in goats in a few 
countries under field conditions (2, 13, 14). The infection has 
been reported in camels as well (15), but there are few studies 
on the EHDV infection in camels. No serological evidence 
of EHDV infection in camels or goats has been reported in 
Türkiye so far, although clinical cases of EHD were reported 
in sheep flocks around Aydin province (8). 

The objective of this study was to investigate the serologi-
cal presence and distribution of EHDV infection in camels, 
goats, and sheep using an Enzyme-Linked Immunosorbent 
Assay (ELISA). Thus, this preliminary study aimed to 
help understand the epizootiology of EHDV in Turkey. 
Furthermore, the results from this study are hoped to be 
useful in larger future studies aimed at preventing and con-
trolling the infection.

MATERIALS AND METHODS
This retrospective study investigated EHDV infection in 
serum samples from 40 goats, 55 sheep, and 68 camels. The 
samples were collected from sheep and goats in 2012 and 
camels in 2011. The tested samples were collected randomly 
from animals in Aydin province. The 68 blood samples were 
collected from dromedary camels (Camelus dromedarius) that 
were brought to Incirliova Municipal Slaughterhouse, to the 
Faculty of Veterinary Clinics of Aydin Adnan Menderes 
University for medical examination and bred on local farms 
in Aydin province. The camels brought to slaughter or those 
to be bred were appeared healthy at the time of blood col-
lection. The animals that were brought to the clinics also did 
not show any clinical signs of systemic disease. The age of 
the animals varied between one and 20 years. 

The blood samples were collected in polystyrene tubes 
containing kaolin. Serum was obtained by centrifugation 
of blood samples collected into tubes containing kaolin and 
stored at -20°C until testing. All samples were tested with 
ELISA in the same year of blood collection.

The presence of EHDV-specific antibodies (against VP7) 
in blood serum samples was tested using a commercially 
available blocking ELISA (LSIVet, Lissieu, France). The 

assay was optimized to eliminate cross-reactivity. The test 
was performed following the manufacturer’s instructions. 
The positive samples were tested in duplicate, in order to 
confirm the results. 

RESULTS 
In this study, antibodies against EHDV were detected in five 
of the 68 camels (7.3%), seven of the 40 goats (17.5%), and 
four of the 55 sheep (7.3%) investigated (Table 1). In total, 
16 of the 163 animals were seropositive (9.8%). The findings 
of this study suggest that natural EHDV infection is present 
and may be circulating in camels, goats, and sheep in western 
Türkiye. These animals may contribute in the epidemiology 
of EHDV infection since EHDV may induce subclinical 
or unfamiliar symptoms. In addition, the virus may cause 
outbreaks from time to time, resulting in economic losses in 
the Aegean region. To our knowledge, this is the first report 
of serological evidence of natural EHDV infection in camels 
and goats in Türkiye. 

DISCUSSION
There are few reports of EHDV infection in camels, cattle, 
goats, and sheep in the existing literature. In general, it has 
been determined that EDHV infection in sheep and goats 
either doesn’t exist or occurs very infrequently (9, 10, 11). It 
has been observed that giving goats and sheep direct virus 
inoculation or material containing EHDV did not result in 
any clinical signs or viremia (9, 11, 16, 17, 18, 19). Temizel 
et al. (7) isolated EHDV in cattle in Türkiye but did not 
report any evidence of infection in sheep or goats. Kedmi et 
al. (11) claimed that there is no evidence for the involvement 
of sheep in the epidemiology of cattle. 

Eschbaumer et al. (16) detected 12 East Frisian sheep 
with a virulent EHDV-7, isolated from an outbreak in Israel. 
After the inoculation of sheep with the virus from that out-
break, the viremia was not detectable; the virus could not be 

Table 1. Numbers of tested animals and seropositivity rates against 
EHDV in camel, goat, and sheep

Tested Animals EHDV Ab positive %
Camel 68 5 7.3
Goat 40 7 17.5

Sheep 55 4 7.3
Total 163 16 9.8
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re-isolated. While only a small amount of viral RNA was 
found in the blood of two sheep, their antibody response after 
inoculation of sheep with the virus from that outbreak was 
conflicting. The authors reported that the sheep did not show 
any symptoms. Therefore, they concluded that the infec-
tion did not lead to a productive infection. However, some 
researchers have isolated EHDV from sheep (8, 20). Also, 
there is evidence of EHDV infection with clinical symptoms 
in sheep in Türkiye. Yavru et al. (8) isolated EHDV from 
three sheep showing clinical symptoms in Aydin province. 
The results of this study and the findings of Yavru et al. (8) 
support the hypothesis that sheep could be natural hosts of 
EHDV.

Recently, a few studies have been published about the 
sero-prevalance of EHDV infection in cattle, goats, and 
sheep (21, 22). In a study in Zimbabwe, the median sero-
prevalences of EHDV antibodies in cattle and sheep were 
found to be 62% and 0%, respectively (21). No EHDV anti-
bodies were detected in an epidemiological study in goats and 
sheep in Kazakhstan (22). Hampy (23) detected antibodies 
against EHDV in three sheep in Texas, USA. Odiawa et 
al. (13) found the highest seropositivity in goats and sheep 
in the American state of Georgia. They detected 29% of 
sheep (n=286) and 7% of goats (n=433) were seropositive 
for EHDV. Cêtre-Sossah et al. (2) investigated 276 cattle, 
142 sheep, and 71 goats on Reunion Island. They observed 
that the EHDV seroprevalence rate in cattle was 63.77%, 
5.63% in goats, and 3.70% in sheep. They suggested that 
EHD widely occurs in cattle rather than in goats and sheep. 
Mahmoud et al. (24) studied the seroprevalence of EHDV 
infection in goats, cattle, and sheep in Libya. They found it to 
be 4% as the overall seroprevalence rate (small ruminants and 
cattle) of EHDV. Of the 555 sheep tested, 32 were found 
positive; none of the 135 goats were positive; and only 1 out 
of 165 cattle was found to be positive (24). In a field study 
conducted in Indonesia, antibodies against EHDV serotype 
5 using seroneutralization were found to be 24% (150/620), 
1.8% (1/62), and 0% (0/20) in cattle, goats, and sheep, respec-
tively (14). In line with the previous study, we discovered a 
high seropositivity rate in goats. It is possible that goats are 
susceptible to EHDV and could act as natural reservoirs. 
Further studies are needed to understand the susceptibility 
and the role of goats as hosts for EHDV. 

There are a few reports of various serotypes of epizootic 
hemorrhagic disease virus infecting camels (25, 26). Wernery 

et al. (26) showed that 29% of dromedary camels from the 
United Arab Emirates have antibodies to EHDV. Cossedou 
et al. (25) observed 63 out of 86 camels (73%) seropositivity 
for EHDV in Mauritania. This seropositivity rate was the 
highest in the world. However, EHDV infection was not 
found in camels in seroepidemiological studies conducted 
in Tunisia and Morocco (15, 27, 28). There are no detailed 
studies on the clinical appearance of EHDV in camels. In this 
study, the rate of EHDV-specific antibodies was detected to 
be 7.8% in camels. This finding supports reports that camels 
may be natural hosts of EHDV infection and could play a 
role in epizootiology. 

The Aydin locality is one of the regions where vector 
diseases such as akabane, bluetongue, and ephemeral fever 
are frequently seen. This region has suitable ecological and 
geographical conditions for the biological circulation of 
blood-sucking mosquitoes as biological vectors, especially 
Culicoides spp. The samples investigated in the study were 
collected during the period when EHDV infection was 
clinically prevalent. In the study, although EHDV infection 
seropositivity was observed in camels, goats, and sheep, clini-
cal findings were found only in sheep. In contrast to previous 
studies, this study revealed the infection with solid evidence 
of the serologic presence of EHDV in camels, goats, and 
sheep. The clinical findings in sheep in the Aydin region (8) 
supported the results obtained in this study. The infection 
in these animals may depend on the serotype or topotype 
of the virus and epizootiological factors such as animal spe-
cies, breed, geographic location, climate, etc. in the region. 
Therefore, further arthropodological, epizootiological, and 
molecular virological studies should be performed in the 
region. In addition, experimental pathogenesis and clinical 
studies with serotypes and topotypes of regional EHDV 
need to be carried out in these animals through further 
investigations.

CONCLUSIONS
EHDV might be causing sporadic atypical symptoms and 
subclinical infections that result in complications in the dif-
ferential diagnosis of various viral infections. Thus, periodic 
controls should be carried out on camels, goats, and sheep 
and prevention and control strategies should be developed 
accordingly. Especially in regions such as Aydın, where the 
average temperature and humidity remain relatively high 
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even in winter and create an environment that favors the 
growth of bloodsucking flies, it is necessary to increase the 
control of stinging flies and research on EHDV infections 
in different animal species.

The results obtained in this study demonstrated the 
presence of EHDV in camels, goats, and sheep in the Aydin 
region. However, it is still unquestionably unknown if EHDV 
triggers what form of clinical symptoms and pathogenesis in 
camels, goats, and sheep. Therefore, these species should not 
be ignored in the epidemiology of EHDV. Further research, 
including molecular detection analysis and next-generation 
sequencing, is required to understand the role of sheep, goats, 
and camels in the epidemiology of EHDV.
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