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Keywords Summary

Culicoides, Epizootic haemorrhagic disease (EHD) is a viral disease transmitted by Culicoides biting
Epizootic Hemorrhagic midges that affects wild and domestic ruminants.

Disease virus (EHDV), The causative agent, EHD virus (EHDV), belongs to the family Sedoreoviridae, genus

Italy, Orbivirus. The virus has never been reported in Europe until October 2022, when the virus

Europe. was for the first time detected in Sicily and Sardinia. After the first clinical cases, an intensive
entomological field activity was carried out in five EHD affected farms located in Sardinia,
with the aim of assessing the EHDV vector competence in European species of Culicoides.
EHDV-8 was detected in C. imicola, C. obsoletus/scoticus, C. newsteadi, C. pulicaris ss, and C.
bysta. The first 4 species have also been demonstrated to be able to transmit bluetongue
virus (BTV). According to these results, it is likely that EHDV-8, sharing the same transmission
patterns of BTV, can also spread to Europe.

Epizootic Haemorrhagic Disease (EHD) is an
infectious, economic important viral disease
transmitted by Culicoides, which affects wild and
domestic ruminants.

commission includes it in the D + E categories of the
listed diseases.

First described in white-tailed deer (Odocoileus
virginianus) in New Jersey (USA) in 1955 (Shope et

The causative agent EHD virus (EHDV) belongs to
the family Sedoreoviridae, genus Orbivirus. EHDV
is closely related to the bluetongue virus (BTV).
Seven serotypes (EHDV-1,EHDV-2, EHDV-4, EHDV-5,
EHDV-6, EHDV-7 and EHDV-8) have been officially
recognised. The World Organisation of Animal
Health (WOAH) includes EHD in the list of animal
disease while EU Animal Health Law, Commission
Implementing Regulation 2018/1882/EU European

al., 1955), EHD is now widespread in all continents
apart Antarctica. Except for the severe epidemics
described in Japanese cattle because of lbaraki
virus (EHDV-2) infection, for many years EHD has
been considered a serious disease of deer only. It
is just recently, following the numerous outbreaks
due to EHDV strains/serotypes infections observed
in cattle in Northern Africa (EHDV-6-8) and Middle
east (EHDV-1-7) that EHD has been included among
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the major cattle diseases (Savini et al.,, 2011; EFSA
2009, Sghaier et al., 2022). Between October and
November 2022, severe and sometimes fatal cases
due to EHDV-8 infections were observed in cattle
in the south-western part of Sardinia and Sicily
(Lorusso et al., 2023). This was the first incursion of
EHDV in Italy and Europe ever recorded. Following
the Italian clinical episodes, further cases of EHD
have been reported in cattle in southern Spain.

This study describes the detection of EHDV in
European species of Culicoides, as a result of a field
entomological investigation carried out during the
EHDV-8 Sardinian outbreaks.

An intensive entomological field activity was
performed in five EHD affected herds: four farms
(Farms 1-4) were located in Arbus and one farm
(Farm 5) in Guspini municipalities (South Sardinia
province) (Figure 1).
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Figure 1. Culicoides collection sites: in red EHD affected farms, in yellow
permanent selected sites for the retrospective study.

The entomological activities have been set up
immediately after the first clinical case was reported,
and currently they are still in progress.

Culicoides collections were performed using UV
blacklight suction traps, operating all night long
from at least one hour before dusk.

As an attempt to trace back the period when EHDV-8
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actually entered Italy (Sardinia), a retrospective study
was also implemented, using Culicoides collected on
a weekly basis within the entomological surveillance
plan for bluetongue, and stored in ethanol 70°.
For this investigation, Culicoides caught between
August and November 2022 using the permanent
traps located very close to the affected herds, in
South Sardinia (SU) and in Oristano (OR) provinces,
were selected (Figure 1).

All collected Culicoides were identified at species or
complex level (Delecolle 1985, Goffredo et al., 2016
and Goffredo and Meiswinkel, 2004, Sarvasova et
al., 2017), age graded according to Dyce (1965), and
sorted in pools of maximum fifty midges. After RNA
purification, each pool was tested by serogroup/
serotype specific qRT-PCRs for EHDV/EHDV-8
(Sgahier et al., 2022). Due to the simultaneous
circulation of different serotypes of BTV in the area,
collected midges were also tested by a serogroup-
specific BTV real time RT-PCR assay able to detect all
BTV serotypes (Hofmann et al., 2008), and positive
samples were tested for the presence of BTV-1, -2,
—4, -8, -9 and -16 with a serotype-specific real time
RT-PCR (LSI VetMAX European BTV Typing-Real-time
PCR Kit - Life Technologies, Lissieu, France) and for
BTV-3 with an in-house real time RT-PCR (Lorusso et
al., 2018).

The Minimum Infection Rate (MIR) was calculated as
the number of positive pools to the total number of
midges tested. The implied assumption of the MIR is
that only one infected individual exists in a positive
pool.

The entomological field activities collected a total
of 15,339 Culicoides biting midges. Culicoides
obsoletus/scoticus was the most abundant taxon,
representing 56% (n= 8,621) of the total midge
collected population, followed by Culicoides
imicola (19%, n=2,898), Culicoides pulicaris s.s. (10%,
n=1,468), Culicoides newsteadi (9%, n=1,368), other
species (4% n=660), Culicoides bysta (1,5%, n=233),
and Culicoides punctatus (0.5%, n=91) (Table I).

Overall, out of 411 tested pools (5,721 midges),
18 resulted positive to EHDV-8, consisting of 283
parous females. Of these, ten pools were composed
of Culicoides imicola (186 midges), four of Culicoides
obsoletus/scoticus (54 midges), two of Culicoides
pulicaris s.s. (14 midges), one of Culicoides newsteadi
(25 midges), and one of Culicoides bysta (4 midges)
(Table II, Table 111).

When tested for BTV/BTV-3, fifteen pools composed
by Culicoides imicola (536 midges) resulted positive
to BTV-3. Interestingly, two pools consisting of 20
and 23 C. imicola resulted positive to both viruses
(Table I1).

The details of the Culicoides collections found
positive for EHDV-8 are shown in table lll.
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Table I. Relative abundance of Culicoides species collected during the Sardinian EHD outbreaks. (November 2022 — February 2023).

(. c::l\:c,:lions) Cimicola  C.newsteadi C.punctatus C pulicariss.s. ¢ ‘;f:;ﬁ::’y Cbysta  Otherspecies TOTAL
1(34) 828 271 4 802 7,972 133 88 10,137
2(25) 857 640 8 340 640 4 143 2,669
3(3) 122 84 0 325 2 47 46 626
4(7) 721 13 1 1 1 6 279 1,022
5(2) 370 360 39 0 6 6 104 885

TOTAL 2,898 1,368 91 1,468 8,621 233 660 15,339

Table II. EHDV-8 and BTV-3 positive adult parous females of Culicoides
collected during the Sardinian EHD outbreaks (November 2022 —

Table lII. Details of EHDV-8 positive Culicoides pools collected on four
affected farms (Arbus, Sardinia 2022).

February 2023).
Number of EHDV-8  Number of BTV-3 Farm Species N. Midges Collection date
positive/tested positive/tested 25 25/11/2022
Species pools; Number pools; Number o
P oftested midges  of tested midges . imicola 18 07/12/2022
(Minimum Infection (Minimum 17 07/12/2022
Rate %) Infection Rate %) 1 N 3 25/11/2022
C imicola “0/55,912(L1)  *15/55;912 (1.6) + OOSOEHSSCONELS % 30/11/2022
C. obsoletus/ scoticus 4/186;3,542(0.1) 0/186; 3,542 ¢ oulicari 10 25/11/2022
C newsteadi 1/42;365(0.5) 0/42;365 -puears 4 02/12/2022
C. pulicaris ss 2/58;572(0.7) 0/58; 572 25 25/11/2022
C bysta 1/24;78 (1.3) 0/24;78 n 01/12/2022
C. punctatus 0/8;23 0/8;23 9 07/12/2022
; C. imicola
Other species 0/38;229 0/38;229 ) 25 07/12/2022
18/411; 5,721 15/411; 5,721 25 07/12/2022
TOTAL (0.31) (0.26)

: ’ 20 07/12/2022
*Two pools resulted positive to both viruses. C. obsoletus/scoticus 13 25/11/2022
C. newsteadi 25 25/11/2022
Concerning the retrospective study, 17 Culicoides 3 Cobsoletus/seoticus 3 2511172022
collections were selected: ten from Villacidro (SU), 4 C.bysta 4 24/11/2022
C.imicola 1 25/11/2022

and seven from Arborea (OR) (Figure 1). A total of
9,988 Culicoides parous were sorted in 153 pools
composed of C. imicola (n= 8,921 midges), 16 pools
of C. newsteadi (n=372), 6 pools of C. punctatus
(n=40), and 35 pools composed of other species
(655 midges, including C. circumscriptus, C. paolae,
and others). None of the tested pools resulted
positive to EHDV, but conversely 6 pools of C.imicola
collected in Villacidro between September and
November 2022, resulted positive to BTV 4.

The identification of C. bysta was confirmed by
sequencing of partial region of the mitochondrial
gene cytochrome c oxidase | (COI), using universal
primers (Hebert et al, 2003). PCR products
were visualized by microfluidic electrophoresis
using TapeStation 4200 (Agilent Technologies),
purified using GeneAll Expin™ PCR SV columns
and sequenced by Eurofins Genomics (https://

eurofinsgenomics.eu/en/custom-dna-sequencing/).
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Sequences were then analysed using the SeqScape
software and compared with GenBank database
using the Basic Local Alignment Search Tool (BLAST)
software. The obtained sequences showed 100%
identity with Culicoides bysta voucher XKSTO1 (NCBI
Accession number KY436054.1).

Our study reports the detection of EHDV-8 in pools
of C. imicola, C. obsoletus/scoticus (belonging to
subgenus Avaritia), C. newsteadi, C. pulicaris ss, and C.
bysta (subgenus Culicoides) parous females caught
in the EHD affected farms. Except for C. bysta, all
these species are also known as vectors of BTV in
Italy.

Culicoides imicola is known as the most important
vector of BTV in countries bordering the
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Mediterranean Basin (https://ecdc.europa.eu/en/
disease-vectors/surveillance-and-disease-data/
biting-midge-maps), and particularly in Sardinia. Its
capability to transmit various EHDV serotypes (EHDV-
2,-3,-5,-6,-7,-8) has been already demonstrated in an
oral experimental infection in South Africa (Paweska
et al,2005). In our study, ten pools of C. imicola were
also found infected with both EHDV and BTV. This
is not unusual in C. imicola pools. Co-infection with
two BTV strains/serotypes (BTV-1 and BTV-4) has
been already shown in several pools collected in
Sardinia (Goffredo et al., 2015).

In this survey, also C. obsoletus/scoticus parous
females have been found positive to EHDV. Together
with Culicoides montanus, C. obsoletus and C. scoticus
are parts of the Obsoletus complex (Goffredo et al.,
2016). They are cryptic species, widespread across
northern and central Europe (https://ecdc.europa.
eu/en/disease-vectors/surveillance-and-disease-
data/biting-midge-maps), where C. obsoletus/
scoticus is considered as the most important
vector of BTV (Melhorn et al., 2009, Meiswinkel et
al., 2008). Besides BTV, this taxon is also involved
in the transmission of Schmallenberg virus (SBV)
(Goffredo et al., 2013, Balenghien et al,, 2014). EHDV
has been detected in C. obsoletus pools in Turkey
(Dik et al.,2012), and the presence of C. obsoletus has
been associated to EHD in cattle and white-tailed
deer in Alabama (Mullen et al., 1985). A competence
study to evaluate the C. obsoletus and C. scoticus
oral susceptibility to EHDV-6 also suggested the
potential role of these species in transmitting EHDV
(Federici etal., 2016).

Considering that the distributions of both C.
obsoletus/scoticus and C. imicola cover the whole
Italian and most of the European territory (Conte
et al, 2007, Goffredo et al, 2016), these findings
confirm that Europe, and lItaly in particular, are
potentially exposed to the EHDV-8 spread, as the
vectors are abundant, the climate is appropriate
and the hosts are available. The spreading risk is
actually even higher if we consider that EHDV was
also found in pools of C. newsteadi and C. pulicaris ss.
These species are widely distributed in Italy and in
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Central- Northern Europe (https://ecdc.europa.eu/

en/disease-vectors/surveillance-and-disease-data/
biting-midge-maps) and have already been found
positive to BTV in Italy.

Unlike C. obsoletus/scoticus and C. imicola, this was
the first time that EHDV was detected in C. newsteadi
and C. pulicaris, as it was the first time that an
Orbivirus was found in C. bysta.

Culicoides bysta is a“new” species, recently described
in Slovakia (Sarvasova et al.,, 2017), and it has been
identified for the first time in Sardinia, to update the
available Culicoides Sardinian checklist (Foxi et al.,
2011).

This species is morphologically very similar to
Culicoides pulicaris ss, however our identification was
confirmed by sequencing of partial region of the
mitochondrial gene cytochrome c oxidase | (COI).

In our results, one pool consisting of four midges of
C. bysta resulted positive to EHDV. This may suggest
that this species, although not very abundant, could
reach a high infection rate, possibly linked to high
vector competence. However, the role of this species,
implicated for the first time in the transmission of an
arbovirus, needs to be better investigated.

In our retrospective study, EHDV-8 was not detected
in Culicoides caught in the field before the outbreaks.
The investigation was instead able to detect BTV-4
in C.imicola collected in September in Villacidro, one
of the two selected farms. This finding proves that
storing midges collected during the entomological
surveillance program can be very useful to trace
back arbovirus circulations. In the recent past, in
fact, it allowed us to prove circulation of SBV in
Northern Italy five months before the first detected
case (Goffredo etal., 2013).

In conclusion, according to our findings, EHDV-8
seems to use the same transmission patterns of BTV.
This in turn means that EHDV-8 has the potential to
spread in Europe, with C. imicola and C. obsoletus/
scoticus being responsible for its diffusion in the
Mediterranean countries, C. obsoletus/scoticus acting
as main vectors in Central-Northern Europe.
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