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Abstract

Background: Epizootic haemorrhagic disease (EHD) is a vector-borne viral disease of domestic and wild ruminants.
Epizootic haemorrhagic disease virus (EHDV) is transmitted by Culicoides spp. EHDV is a member of the Orbivirus
genus within the Reoviridae family. It shares many morphological and structural characteristics with other members of
the genus, such as the bluetongue virus, African horse sickness virus, and equine encephalosis virus.

Aims: The purpose of our study was to investigate the epidemiological situation of EHDV in Libya in order to gain
some knowledge about the presence of this virus in the country.

Methods: In this study, we investigated the seroprevalence of EHDV in Libya, testing 855 blood samples collected
during 2015. The samples were collected from domestic ruminants (cattle, sheep, and goats) originating from 11
provinces of Libya. Sera were tested by competitive enzyme-linked immunosorbent assays and positive samples
confirmed by serum neutralization test.

Results: The overall seroprevalence of EHDV was estimated to be 4% (95% confidence intervals = 2.8%—5.4%).
Small ruminant seroprevalence was significantly (p = 0.016) higher than that found in cattle. Neutralizing antibodies
against EHDV-6 were detected in a sheep from the western region of Libya.

Conclusion: This study suggests that EHDV has circulated or is circulating in Libya, and sheep could play an important

role in the epidemiology of EHDV, and the virus may still be circulating in North Africa.
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Introduction

Epizootic haemorrhagic disease (EHD) is an infectious,
non-contagious viral disease transmitted by insects
of the Culicoides genus affecting wild and domestic
ruminants. The Epizootic haemorrhagic disease virus
(EHDV) is a member of the Orbivirus genus within
the Reoviridae family. It shares many morphological
and structural characteristics with other members
of the genus, such as the bluetongue virus, African
horse sickness virus, and equine encephalosis virus
(Maclachlan et al., 2004). The viral genome of EHDV
is composed of 10 segments of double-stranded RNA
that encode seven structural (VP1-VP7) and three or
possibly four nonstructural proteins (NS1-NS3 and
NS3a) (Mertens et al., 2005). EHDV was first described
and isolated from white tailed deer during 1955 in New
Jersey (Shope et al., 1960). The first EHDV strain
that was demonstrated to be pathogenic for cattle was
the Ibaraki strain (IBAV) isolated in Japan in 1959
(Omori et al., 1969; Inaba, 1975). Based on the recent
genetic and phylogenetic analysis of the capsid proteins
responsible for the EHDV serotype specificity (VP2 and
VP5) and according to the International Committee on

Taxonomy of Viruses, currently seven serotypes of the
virus are officially recognized. Furthermore, EHDV-
3, EHDV-318, and IBAV strains are now considered
as EHDV-1, EHDV-6, and EHDV-2, respectively
(Anthony et al., 2009; Maan et al., 2010). In recent
years, however, novel EHDV strains from South Africa
(Wright, 2013), Japan (Shirafuji et al., 2017) (ON-
4/B/98 strain), and China have been proposed as new
possible serotypes. During September and October of
2006 in Indiana and Illinois, EHDV-6 was reported
as a novel reassortant strain between the Australian
prototype of EHDV-6 (CSIRO 753) and the North
American prototype of EHDV-2 (Alberta) (Allison et
al., 2012). In the Mediterranean Basin, four serotypes
of EHDV have been reported, EHDV-1, EHDV-2, and
EHDV-6 in Turkey, EHDV-6 in Algeria, Morocco, and
Tunisia (Ben Dhaou et al., 2016), and EHDV-7 in Israel
and Jordan (Yadin et al., 2008). In Israel, the outbreaks
sustained by EHDV-7 in cattle during 2006 caused
relevant economic losses affecting 83 dairy and 22 beef
herds with morbidity rates ranging from 5% to 80% and
mortality rates below 1% (Yadin et al., 2008; Kedmi et
al., 2010). However, no morbidity was reported in other
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domestic and wild ruminants despite their proximity
to cattle herds (Kedmi et al., 2010). In July 2007, an
outbreak of EHDV-6 in cattle was recorded in Turkey
(Temizel et al., 2009). Even if the pathways by which
these serotypes were introduced into these countries
remain unclear, it is important to note an alarming
similarity between the current EHD scenario and that
of bluetongue (BT), which took place at the end of
1990. During that period, some BTV serotypes that
were initially circulating in Algeria, Tunisia, Turkey,
and lsrael, were able to cross the Mediterranean Sea,
causing outbreaks in several European countries
(Savini et al., 2011). The purpose of this study was
to investigate the epidemiological situation of EHDV
in Libya in order to gain some knowledge about the
presence of this virus in the country.

Materials and Methods

During 2015, 855 serum samples were collected from
domestic ruminants, including 165 cattle, 555 sheep,
and 135 goats. In each farm, a maximum of 10 serum
samples was gathered regardless of the herd size.
Information on sex and age (expressed in months)
was recorded. The samples were collected from 96
farms representing the 11 provinces distributed in
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four regions of Libya (eastern, western, northern, and
southern region) (Fig. 1). Samples were collected, and
submitted to the Istituto Zooprofilattico Sperimentale
dell’Abruzzo e del Molise “G. Caporale” (IZSAM).
The samples were tested by competitive enzyme-linked
immunosorbent assays (c-ELISA), by the commercial
kit LSIVet™ Ruminant EHDV-serum (Life Technology,
Waltham, MA) which can detect specific antibodies
against EHDV serogroups without cross reactions to
BTV serotypes. c-ELISA positive samples were further
analyzed by serum neutralization test (SNT) with little
modification (Sailleau et al., 2020). The SNT was
performed to determine the neutralizing titer and the
serotype (EHDV-1, -2, -3, -4, -5, -6, or -7) responsible
for the infection. The antibody titre was defined as the
highest dilution able to inhibit at least 75% of the virus
cytopathic effect. To the authors’ knowledge, all the
samples were collected from animals which neither
experienced EHDV vaccination nor showed clinical
signs of EHD at the time of sampling.

Statistical analysis

Statistical analysis was performed using XLSTAT.
The seroprevalence and 95% confidence intervals
(CI) were calculated using the Bayesian approach of
the Beta distribution. Seroprevalence was calculated

Ajdabiya
Butnan

Al Kufrah

= !

Fig. 1. Number of collected samples (sheep, goats and cattle) represented by sampled areas and by sample size classes.
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by order of species, sex, and age for all the animals
tested, considering both small ruminants and cattle.
Animals were grouped into three age classes: kids (less
than 6 months), young (between 6 and 24 months), and
adults (more than 24 months). Association between the
outcome variables (status of EHDV infection in small
ruminants and cattle) and its potential risk factors (sex
and a farmed species) were screened in a univariate
analysis using Fisher’s exact test. Chi-square test was
used for species, age classes, and regions. A p-value
< 0.05 was considered to be significant for EHDV
infection. Odds-ratio and 95% CI were calculated for
each risk factor considered.

Ethical approval

No consent of Ethics required for the research.

Results

The overall seroprevalence rate (small ruminants and
cattle) of EHDV was estimated to be 4% (95% CI =
2.8%-5.4%). Of the 555 sheep tested, 32 (5.76%;
95% CI = 3.83%—7.71%) were found positive, none of
the 135 goats tested were positive and only 1 out of
165.cattle (0.61%; 95% CI = 0.04%-3.31%) resulted
positive.

The highest seroprevalence of EHDV (8.3%; 95% CI
= 1.9%-19.6%) was reported in the Southern region
(Sabha) (Fig. 2). The highest (11.8%; 95% CI = 7.1%—
19.2%) and lowest (1.2%; 95% CI = 2.8%—6.4%)
seroprevalences were recorded in small ruminants of
Gharyan and Al Jabal al Akhdar provinces, respectively.
In Yafran-Jadu province, none of the small ruminants
(130) have tested positive (Fig. 3 and Table 1). The
sole cattle (0.61%; 95% CI = 0.000%—1.79%) tested
C-ELISA positive was from Al-Marj in the Eastern
Region. In Gharyan province, the small ruminants
sampled were only adults, and they represented 24.3%
of all the small adult ruminants sampled in the study.
The highest seroprevalence was recorded in adult
animals (5.3%; 95% CI = 3.6%-7.5%). The highest
seroprevalence among females and males was recorded
in females (4.3%; 95% CI = 2.9%—6.2%). The results
of the univariate analysis showed that only independent
variables of animal age group and farm-type species
(Fig. 4 and Table 2) were statistically significant. Of
the 32 c-ELISA positive sheep, only one was confirmed
by the SN assay against EHDV-6 serotype. Due to the
exiguous number of SN-positive animals, statistical
analysis was performed only on ELISA data.
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Fig. 2. Seroprevalence and spatial distribution of EHD virus in five Libyan regions.
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Fig. 3. Seroprevalence and spatial distribution of EHD virus according to Libyan province.
Table 1. Seroprevalence of EHD virus in Libyan small ruminants according to Provinces.
Prov. ID. Province Tested  Negative  Positive  Seroprevalence  95% lower CI  95% upper CI
1 Ajdabiya 88 86 2 2.3% 0.70% 7.9%
2 Al Jabal al Akhdar 84 83 1 1.2% 0.29% 6.4%
3 Al Marj 61 59 2 3.3% 1.00% 11.2%
4 AlQubbah 25 24 1 4.0% 0.94% 19.6%
5 Benghazi 84 78 6 7.1% 3.4% 14.7%
6 Gharyan 110 97 13 11.8% 7.1% 19.2%
7 Nalut 60 57 3 5.0% 1.8% 13.7%
8 Sabha 48 44 4 8.3% 3.4% 19.6%
9 Yafran-Jadu 130 130 0 0.0% 0.01% 2.8%

(Prov. ID) = Provinces identification.

Discussion

In recent years, we have assisted in bringing significant
disruption in the global distribution of vector-borne
diseases (VBD), which in most cases led to a northward
range expansion. Since the end of the last century, BT,
more than any other VBD, has spread northwards into
Europe beyond its traditional range. EHDV shares a
similar biological niche in terms of vectors and hosts
as BTV, and therefore, global EHDV distribution

likely mirrors that of the BTV (Savini et al., 2011).
Consequently, the presence of EHDV in Northern
Africa countries could pose a risk of introducing the
virus to Europe, as happened for BTV. Despite the
occurrence of BTV in Europe, no cases of EHDV
infection have been reported so far (Savini et al., 2011).
This study represents the first investigation on
EHDV seroprevalence and risk factors in domestic
ruminants in Libya. The overall seroprevalence of
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Fig. 4. Seroprevalence of EHD virus according to farmed species.

Table 2. Epizootic hemorrhagic disease in Libya: results of univariate analysis by species, age group, regions,
farmed species, and provinces.

Risk factors Animal tested Animal affected (%) DF Fisher’s exact test  p-value
Species 855 4% 1 0.0118
Small ruminants 690 6.64

Cattle 165 0.61

Sex 678 1 Fisher’s exact test 1.00
Female 609 4.3%

Male 69 3%

Risk factors Animal tested Animal affected (%) DF X2 p-value
Age group 855 2 7.807 0.020
Kids 180 2.8%

Young 161 0.6%

Adult 514 5.3%

Farmed species 562 2 8.273 0.0159
Sheep (S) 119 10.9%

Goats/Sheep (GS) 363 4.7

Mixed (CGS) 80 2.5%

Libyan provinces 3 12.52 0.0058
Al Jabal al Akhdar 84 1.2%

Ajdabiya 88 2.3%

Gharyan 110 11.8%

Sabha 48 8.3%

DF = Degree of freedom.
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Fig. 5. Major pathways of the traditional movements of small ruminants in the Maghreb region (OIE, 2015).

EHDYV was estimated as 4% (CI 95% = 2.8%—5.4%).
Unexpectedly, seroprevalence of small ruminants
was significantly (p = 0.016) higher than in cattle.
Our findings revealed higher seroprevalence of the
EHDV in sheep (32 out of 555) than other species,
indicating their susceptibility for infection by EHDV
in agreement with epidemiological data reported in
Western Turkey (Yavru et al., 2014). On the other hand,
it should be mentioned that, during a serological study
conducted in Israel to investigate the involvement
of sheep during the outbreaks of EHD that occurred
in 2006, no serological evidence of infection was
found in sheep (Kedmi et al., 2010). Differences in
seropositivity in sheep and goats in the same herd
location were unexpected but maybe explained with
vector activity oranimal dynamics and breeding
systems. Neutralizing antibodies were detected only
in one sheep sample. Although not much is known on
how long serological tests can detect EHDV antibodies
in infected animals, it is believed that they behave like
those of BTV. In other words, c-ELISA is likely to be
more sensitive than SNT. It is capable of detecting
antibodies earlier and for a longer time compared
to SNT. The sheep sample showed neutralizing
antibodies against serotype EHDV-6. Still, no clinical
signs were observed in the herd in accordance with
the observations that sheep are susceptible to EHDV
infection but rarely develop clinical symptoms while
their involvement in the epidemiology of EHDV is still
not well understood (Kedmi et al., 2010). The EHDV-6

positive animal was a nine years old ewe, sampled in
the Province of Gharyan (West Region). The animal
was farmed in a flock of 550 sheep and 50 goats.
Transitional movement of small ruminants from all
the neighboring countries to Libya occurs regularly,
particularly during the holy months. Therefore, the
presence of EHDV-6 in the West region of Libya may
be due to animal trades (Fig. 5). Alternatively, the
circulation of this serotype in the Northwest of Libya
may be a consequence of the emergence of EHDV-
6 during 2006 in North Africa (Tunisia, Algeria,
and Morocco) [European Food and Safety Authority
(EFSA), 2009; Ben Dhaou et al., 2016]. Because of
political instability in Libya, the sample collection
was opportunistic, and some areas were investigated
through the collection of samples from small ruminants
but not from cattle (South Region) or vice versa (North
Region). No difference (p = 0.903) was highlighted
between the seroprevalences recorded in the East and
the West Regions. Comparatively, a single sample site
was investigated in the South Region, and that revealed
the highest seroprevalence (8.3%) of EHDV; therefore,
it cannot be considered as representative of the whole
South Region. To assess the risk for EHDV spreading,
it should be necessary to monitor animal movements
from neighboring countries and inside Libya. In
addition, it would be essential to improve diagnostic
surveillance on trade animals. This approach could
indeed be useful not only for EHDV but also for other
animal diseases.
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Conclusion

Summing up our results, we suggest, sheep may play an
important role in the epidemiology of EHDV, and the
virus may still be circulating in North Africa. Therefore,
for a better understanding of the epidemiological
patterns of EHDV and vectors biting midges, further
studies and investigation should be planned.
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