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Abstract

The world live-stock industry emerging by defeating all its limits and challenges in the course of mass production. Many

pathogenic disease outbreaks restrict the scope for a better management practice rather to go for a better medication.

Epizootic hemorrhagic disease virus (EHDV) can be considered as the major threat in the live-stock industry causing

severe loss in the production as well as revenue generation. Several EHDV outbreak reports have been recorded along

with immense research to understand the molecular mechanism of viral replication along with the structure, while a

better management practice can strongly expect to prevent the subsequent infection. Several important characters

directly or indirectly influence the EHDV outbreaks in different locations. The continuous disease occurrence and its

significant impact on the livestock industry impose the conception of the management practice to prevent further

consequences of EHDV infection.
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Introduction

Epizootic haemorrhagic disease virus (EHDV) is one of
the member of genus Orbivirus under the family
Reoviridae. EHDV is well known as the causative agent of
Epizootic hemorrhagic disease, which is an acute,
infectious and fatal disease of ruminants [1]. [t has a wide
range of infection starting from domestic ruminants to
wild ruminants including cervids, especially endemic
white-tailed deer in North America and serious epidemics

in wild and/or captive populations in many parts of the
world. EHDV infection of wild and domestic ruminants
has been reported in the America, Africa, Asia, Australia,
the Middle East and some islands of the Indian Ocean. It
affects  primarily  white-tailed deer (Odocoileus
virginianus) and cattle and occasional deaths of some
other animals. These epidemics resulted in significant
economic losses from decreased productivity, including
reduced milk yield.
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The first case of EHDV was reported at New Jersey and
Michigan, United States in 1955, where several hundreds
of white tailed deer were died [2]. There has been a wide
distribution of EHD among the different locations of
United States, while the frequency and severity occur
infrequently in larger outbreaks resulting higher
mortality in the northern United States. Likewise, higher
survival rate with less severity can be noted in southern
United States [3]. The occurrence of EHDV was first
recorded in Japan in 1959 with the name of Ibaraki
disease and become epidemic with a record death of over
50,000 death cases. There was a continuous outbreak
report recorded over the different places in Japan [4].

The overall impact of EHDV on live-stock industry has
increased with the increasing in the demand of live-stock
industry and its products. Disease management, normally
refers to a systematic population based approach
emphasizing coordinated and comprehensive care along
the variety of diseases and have many key components.
The major key components in disease management
involves; 1) the early identification of EHDV in all stages
of disease; 2) improved animal health plan; 3) routine
monitoring of the animals; 4) extending awareness about
the EHDV infection and its symptoms among farmers.
However, a proper animal health plan and routine
monitoring can significantly reduce the mortality rate
improving the animal health and will help in reducing the
cost occur due to the huge mortality. Since there are many
consequences of EHDV have been recorded with different
time period in different geographical locations, this
epidemiological review will contribute in the systemic
identification of EHDV along with the effectiveness and
efficiency of disease management.

Molecular Morphology

EHDV is a double- stranded RNA orbivirus composed of
seven structural proteins (VP1 to 7) and divided into 10
segments [5]. The VP2 is the major outer coat protein and
encoded by genome segment 2 (L2). The two major
proteins VP2 and VP5 are involved in the virus’s ability to
attach to and penetrate a host cell, whereasVP7 forms the
outer core layer and provide surface for VP2 and VP5
attachment. Likewise, the inner sub-core layer VP3 self-
assembles to control the size and organization of the
capsid structure and surrounds VP1, VP4 and VP6, in
addition to the 10 linear double- stranded RNA segments
[6]. The genome segment 3 (L3) and genome segment 7
codes for the structural protein VP3 and VP7 respectively
[7]- The Genome segments 6 and 8 code for the NS1 and
NS2, respectively [8]. Segment 10 codes for NS3 and NS3a,
respectively. The genome segments, 1, 3, 4, 6 and 8 are
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the most highly conserved segment with more than 90 %
homology among EHDV serotypes [9].

There are 10 serotypes of EHDV have been distributed
in worldwide [10]. The two Serotypes EHDV-1 (New
Jersey strain) and EHDV-2 (Alberta strain) were first
isolated in United States in a large scale mortality of
white-tailed deer in the north- eastern and southern
Alberta respectively. Additionally, topo types of EHDV-1
and EHDV-2 are present in Australia, which, although
genetically divergent from analogous North American
serotypes, share common neutralization epitopes [11,12].
IBAV, a topo type of EHDV-2 has been associated with
periodic outbreaks in cattle in East Asia since its first
description during a large-scale epizootic in Japan
involving the mortality of 40,000 cattle in 1959 [13]. The
three proposed serotypes EHDV-3, EHDV-4 and EHDV-6
were initially isolated from culicoides spp. in Nigeria, from
cattle in Bahrain and from sentinel calves in the Sudan
respectively [13,14]. EHDV serotypes 5, 7 and8, along
with the prototype strain of EHDV-6 (CSIRO753), were
initially isolated from sentinel cattle herds in Queensland
and the Northern Territory of Australia during 1977-
1982 [15]. EHDV- 6, originate from Australia has been
recognised as an emerging pathogen amongst cattle in
several countries [16]. EHDV-6 was recovered from
Kansas and Texas in 2008and become endemic. EHDV-7
was recently implicated in cattle outbreaks in Israel and
although mortality rates were low (1%), morbidity rates
ranged from 5-80 %, with clinical signs reported in
105different herds [17]. Two serotypes designated as
EHDV-4 and an untyped isolate designated (EHDV-318)
are enzootic in the Sudan [18]. In Australia, 5 serotypes
designated as EHDV-5 through EHDV-8 were identified. In
Nigeria, EHDV-3 and EHDV-4 were isolated from
Culicoides spp [19].

Pathogenesis

Resembling many other viral diseases, EHDV cannot be
transmitted from deer to deer or through any direct
contact. EHDV must be transmitted via bites from
Culicoides gnats (Culicoides verripennis). Livestock
directly exposed to this disease rarely show signs of
infection as there is no direct transmission yet livestock
with EHDV show limited clinical symptoms like fever, loss
of appetite, lameness and ulcers and crusty sores on the
nose, mouth and teats [20]. Some other common clinical
signs of EHDV in deer include the loss of fear of human,
weakness, excessive salivation, bloody diarrhea, fever,
rapid pulse and rapid respiration, Hemmorrhage and lack
of oxygen which ultimately causes the blue appearance of
the oral mucosa, similar to bluetongue disease [20]. There
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was a 20% mortality rate and 29 % infection rate can be
estimated in case of white- tailed deer [21]. Infected
individuals are often found in bodies of water attempting
lower their body temperature before dying and symptoms
can be developed after seven days of exposure to the
virus. The disease progresses with the common
symptoms like discharge of blood like substances from
nose and mouth and these lesions like substances are
often consider as an indicator of the disease [22]. The
symptoms may not be similar in all the case, however it
can be classified into three forms of hemorrhagic disease:
peracute, acute and chronic [23].

Transmission

Several studies have been conducted to find out the
mode of transmission of the EHDV in deer. Although the
mode of transmission can only be occurring when the
deer inoculated to the infected material from diseased
deer by subcutaneous, intramuscular, intravenous or oral
routes in experimental settings. The tissues and organs
vary from animal to animal while the most common
organs are the heart, liver, spleen, kidney, lung and
intestinal tract [22]. There may be no direct mode of
transmission, while more often transferred through the
biting fly (Culicoides), a small biting fly from family
Ceratopogonidae [21]. The fly is most common in North
America and found in damp areas. The female laid their
eggs in wet and muddy areas and they hatch in between
two to ten days after being laid. The small size of the fly
aids in the spread and infection of the disease as they are
difficult to trace [24]. The life cycle can be range from half
a year to three years, while can produce several
generations in a year. EHD can be more prominent to
occur in late summer and early fall, specifically, mid-
August through October are the most critical months for
the disease. Likewise, it occurs faster in larger
populations of deer and factors like severity of winter
following the summer can impose the population of fly
[23]. There can be different level of nucleotide sequence
heterogeneity among the virus isolated from two different
regions [25]. Disease control is difficult, as EHDV is
spread by Culicoides midges, and commercial vaccines for
cattle are only produced in Japan.

Infection Pattern

The proposed infection pattern in case of EHDV is quite
similar to that of Influenza virus. The infection of viral
particles enters to the cell through the endosomal route
with the mechanism of acidification. The viral
components are released to the cytoplasm with an early
acidification of endosome. Early acidification of the
endosome is thought to release components from the
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virus core. These components are then released into the
host cell cytoplasm [26]. VP5 often catalyzes cell fusion,
which facilitates the penetration of the endosomal
membrane and consequently the release of outer capsid
components [27]. EHDV does not contain large
concentrations of VP5, yet it is still able to infect cell
systems [28]. EHDV is able to be infectious due to the
presence of VP7 as suggested by the binding of anti-
bodies to the outer core protein VP7. The binding of EHDV
to the cell surface via interaction of VP7 with
glycosaminoglycans in addition to other receptors is the
most probable entry mechanism [29].

The overall replication process is quite similar to other
virus, however EHDV has to overcome specific set of
problem during replication. The double- stranded RNA is
unable to be used as template strand during mRNA
translation using host cell machinery. Hence, EHDV
required to bring its own transcription enzymes into the
host cell to survive and synthesize the viral RNA and
other proteins. The antiviral defence mechanisms are able
to easily recognize and eliminate naked double-stranded
RNA in the cell. The presence of the dsRNA would trigger
antiviral mechanisms such as apoptosis and interferon
production [30]. In order to avoid these host defences,
EHDV hides their genome and other translation
machinery within closed protein capsids and then these
capsids are delivered into the host cell cytoplasm, where
they initiate transcription [31].

Diagnosis

The infrequent increased EHDV occurrence in various
locations requires to employ suitable detection technique
yet several molecular techniques like Virus isolation,
reverse transcriptase (RT) - PCR and real-time PCR are
the most well-known technique for the detection of the
EHDV. However, some common techniques like serology
may be use for the determination of past infection and
some other techniques like agar- gel immunodiffusion test
(AGID, Complement fixation test (CFT), Enzyme-linked
immunosorbent assay (ELISA), western blotting, PAGE,
Nucleic acid hybridization and amplification technology,
southern blot hybridization can be used for further
detection of virus.

Prevention

The EHDV serotypes are transmitted from one country
to another by animals and cause the widespread
mortality, which led to huge loss in the live-stock
industry. It has been listed as most important
transmissible infectious disease. Prevention can only be
controlled by the destruction of vector species of the
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insect but it is quite expensive and required more
attention. The use of insect secured houses and insect
repellents can be considered as a control measure. No
proper vaccination available till date and quite difficult
for the proper information about the different serotype.
However, only successful EHDV2 vaccine is available in
Japan to overcome the problem.

Discussion

Epizootic hemorrhagic disease virus (EHDV) is one of
the fatal hemorrhagic infection in worldwide. Although
there are different techniques has been developed for the
early and rapid detection of the virus but there is less
information and research work conducted due to the
infrequent infection pattern. This imposes the higher risk
of mortality in minimum time, where the case may be
minor mortality to major mortality depending upon the
serotype, geographical location and environmental
conditions. There was a minor EHDV occurrence reported
in Arizona (USA) by Noon et al, where two Mule deer
(odocoileus hemionus) and one white- tailed deer
(odocoileus virginianus) were affected with EHDV-2 [32].
The most common symptoms of EHD were observed in all
the three deer [33]. The early infection symptoms were
not familiar with farmers as it resembles with the other
disease, simultaneously this may lead to larger outbreaks.
In the summer and fall of 1993, an outbreak of EHDV-2
caused the death of 228 numbers of white-tailed deer
[34]. A similar kind of report has been reported in
southern Alberta, USA in September, 2013. The report
indicated the presence of EHDV-2 in the white- tailed deer
(Odocoileus virginianus) and three pronghorn antelope
(Antilocapra americana). The EHDV-2 was identified by
Reverse transcription- PCR and a total 50 number of deer
died in the occurrence [35]. This report reveals the
infection can not only appear in larger population but also
in smaller populations, however the increasing
occurrence of EHD virus in the different region indicates
the dominance of the virus in live-stock industry. Both
passive and active surveillance can be expected for a
better monitoring procedure, which will contribute in
studying the infection pattern and pathogenesis.

One of the major outbreaks have been reported in
Michigan in summer and fall 2012 followed by 2010. The
mortality rate of the white-tailed deer was 14, 898 in
2012, which was 13 times more than the occurrence in
2010. Both the reports showed the possible cause of
infection, which was the weather and climatic condition,
deer population size and land type, however the result
cannot be supported because of the identification of
EHDV in other locations with different and same
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environmental and climatic conditions [36]. The
conclusion from the outbreak suggested, there is no
practical method for controlling the spread of disease
rather to prevent the further spreading. Another
important EHDV incident was reported in Israel during
fall of 2006, where the EHDV serotype 7 caused a huge
loss in the cattle industry resulting the subsequent loss to
the dairy industry [37,38]. Mark et al.,, demonstrated an
experiment determining the subsequent susceptibility of
EHDV 7 on white tailed deer and observed the clinical
sings of epizootic hemmoragic disease resulting 67 %
mortality [39]. This suggests the pathogenicity can retain
for a longer period in multiple species with similar basic
clinical signs.

A large number of EHDV mortality was reported in
United States during summer and fall of 2012, including
multiple species cattle (129 herds), captive white-tailed
deer (65 herds), bison (8 herds), yak (6 herds) elk (1
herd) and sheep (1 flock). The average mortality within-
herd morbidity was 7% in cattle and bison herds, and
46% in captive white-tailed deer herds and the average
within-herd mortality in captive white-tailed deer herds
was 42% [40]. However, the major observation can be
found as high temperatures facilitate the transmission of
EHD virus by C. sonorensis midges by decreasing the
extrinsic incubation period of the virus.

Another observation was reported by Anbalagan et al,
where the Epizootic hemorrhagic disease virus (EHDV)
was isolated from a pregnant cow in Indiana, USA,
exhibiting excessive salivation, pyrexia and abortion [41].
The VP2, VP5, and VP7 sequences of the isolated bovine
EHDV showed 97.7, 97.4, and 979 % identity to a
serotype-2 reference virus. Bovine EHDV was found to be
closely related (>99.9 %) to white tailed deer (WTD)
EHDV collected from lowa in 2013 and showed less than
2.1 % divergence from EHDV collected from WTD across
the USA in 2013. The high degree of sequence identity
between bovine and WTD EHDV isolates demonstrates
that similar viruses concurrently circulate in both species.

The occurrence of EHDV during October to December,
2015 in Japan caused the mortality of 46 cattle showing
the common symptoms like fever, anorexia, cessation of
rumination, salivation and dysphagia. The Causative agent
was the EHDV6 while it resembles the similar character
with the serotype EHDV2 [42]. Similar Kind of occurrence
observed in 2013 in the northwestern part of Kagoshima
of Japan, where two cattle were affected with the common
symptoms exhibited for EHDV [4]. The current live
attenuated and inactivated vaccines against Ibaraki
disease were developed based on Ibaraki-2 (EHDV2).
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An experimental study was carried out by Pauline,
during the outbreak in a captive facility housing white-
tailed deer (Odocoileus virginianus), Bison (Bison Bison),
Elk (Cervus elaphus), Cattle (Bos Taurus) and Goats (Capra
hircus) in Colorado, USA [20]. The experimental result
showed the EHDV infection in bison and elk in natural
exposures still the roles of multispecies situation in EHDV
infection remain unknown, which has been reported
previously. There were no particular clinical signs
observed in animal’s neutralized EHDV infection other
than the deer and simultaneously the neutralized EHDV-1
did not neutralize EHDV-2. Another experimental
evidence showed the infection and viremia can occur in
both bison and elk. The conclusion of the experiment
reveals the EHDV infection in multiple species. Cattle can
be serving as a reservoir for EHDV and many other
orbivirus during the outbreak of EHDV in deer and other
susceptible species allowing the further amplification of
virus inside the host. There is another possibility of
development of new infection resulting prior to the
preliminary infection.

Considering the effect of environmental factor on the
replication of EHDV in the vector, Mark et al., executed an
experiment where the replication of EHDV-1, -2, and -7 in
Culicoides sonorensis was accelerated by increasing
temperature [43,44]. The result showed increasing
temperature can shorten the incubation period for the
EHDV serotype in C. sonorensis. Mark et al.,, emphasized
the susceptibility of C. sonorensis towards EHDV-7
infection, which is a competent vector. The study reveals
that C. sonorensis is susceptible to EHDV-7 infection and
can transmit the virus to susceptible white-tailed deer,
thus, C. sonorensis should be considered a potential vector
of EHDV-7. However, the climatic variables can impact the
Culicoides life cycle (particularly midge size and survival),
virus replication within the midge, midge behavior, and
midge distribution [44].

Feng et al., has developed a one- step multiplex RT-PCR
assays system for the early identification of EHDV
endemic serotype studying serotype distribution,
emergence and evolution of EHDV [44]. In spite of this the
assay can help in mapping distribution of EHDV
outbreaks, estimating infection and mortality rates and
monitoring changes in deer populations.

The minor and major EHDV outbreaks reveal the
potency of the virus in the loss occurring in the world
live-stock industry. The data and reports suggested the
wide distribution of EHDV in worldwide, while the
research studies suggest working more on the
epidemiology and morphological structure of the virus. In
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many of the cases, the environmental and -climatic
conditions were same, while in some cases it is different.
Simultaneously, the effect of vector was found to be more
important in the spreading of disease; however, it is very
difficult to control the vector due to the morphological
character of the vector. Thus management of the disease
is necessary for the early prevention of the disease
decreasing the mortality rate. The study of the molecular
expression of different EHDV serotype along with the
different geographical locations will help in developing
recombinant vaccine for a better disease management.

Conclusion

Several Viral diseases in live-stock industry creates a
key impression on the mass production. EHDV is one of
the major constrain in live-stock industry since a longer
period of time, while the EHDV occurrence reports
showed the vast effect on the live-stock industry for more
than 50 years. Development of broad spectrum vaccine
can be the solution to compete against EHDV infection;
however, a better surveillance and monitoring procedure
is strongly expected for the identification of the virus with
prior post infection. The disease management approach
must be advocated as a means of improving the
effectiveness and efficiency of the vaccine and other
medications.
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