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ABSTRACT

Following a request from the European Commission, the Panel on Anim#hHad Welfare was

asked to deliver a scientific opinion on Epizootic Hemorrhagic Disease (HHB)disease has never

been reported in the European Uniboweverin recent years outbreaks of disease causedHiy

Virus (EHDV) serotype6 and 7,previoudy consideredo be nonpathogeniowvere observed icU
neighbouringcountries Clinical signs in cattle are similar to those exhibitedbhyetongueaffected
animals andoroduction lossesnay be significantSheep althoughsusceptible to infectigrdo not
present clinical sign€EHDV is transmitted between its ruminant hosts by speci€uli¢oidesbiting

midges. There is no scientific evidence to suggest that mosquitoes have a role in the transmission of
EHDV. In Europe several suspected EHDV vectors @asent, includingC. imicolaand vectors

within the Pulicaris and Obsoletus compléx assessment of the risk of introduction of EMibus

into the EU was developed by considgr3 possible entrance pathways: i) via imported infectious
animals ii) viainfectious vectors and iii) other routes e.g. via vaccines or germplakse.risk
estimate for the introduction varied according to the pathway considered and the season of
introduction Vector abundance and climatic conditions could be favourable toirsUsHDV
circulation; thereforethe AHAW panel concluded tharesence of EHDV in neighbouring countries
poses a significant risk for introduction and establishment of EHDV in the AEBurveillance
programme (active and passive) in high risk areaegg ensitive diagnostic testshould be
established for early detection of disease introductiooase of an outbreak of EHD in the EU, key
actions should include detection of infected animals, epidemiological investigations, restriction of
movements and extually long term surveillance.
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SUMMARY

Following a request from the European Commisstba Panel on Animal Healthnd Welfare was
asked to deliver a scientific opinion on Epizootic Hemorrhagic DiS@#3b).

The mandate was composed of four terms of reference : i) the significance of the presence, origin and
occurrence of EHD in susceptible species (specially liegstmimals) in the &opeanUnion (EU)
neighboung countries ii) the possibility of EHD to spread to and within the EU and to persist iii) the
role played by different vectors and the means to control them and iv) the possible measures to
control and eradate the disease including surveillance, control of vectors, availability of suitable
vaccines and other elements. The disease causative adg&iDisirus (EHDV) a member of the
Orbivirus genus. EHDVhas been associated with disease Vithite-tailed deer (Odocoileus
virginianug in North Americabut clinical signs havelso been observed in cattle and other wild
ungulates.The serotype historically associated with disease in cattle is EB{[PMaraki virus)
Howeverin recent yearsutbreaks of disease csed byEHDV-6 andEHDV-7, serotypesiormally
considered as non pathogeniere observed in countries neighbouring the EU. Sheep are susceptible
to infection but do not present clinical sigtisis likely that other species may also be susceptible to
infection but there is a lack of information about the epidemiological role of many domestic and wild
ruminant species.

Clinical signs in cattle are similar todbeexhibited byBluetongue BT) affected animals. In cattle
morbidity varies from % to 18% but mortality is usually low. Production losses associated thi¢h
disease in cattle may be significant, especially in dairy farms, in the form of lowered milk production.
Considerable adverse welfare impact can occur in BH&cted animalsEHDV-2 (Ibarakistrain) is

able to cross the placental barrier resulting in abortions and malformations.

Infection with a particular EHDV serotype confers protection against infection by the homologous
serotype. Duration of this protection is unknown but indirect figidence suggests it may last for

life. No crossprotection exists between EHDV and BTV.

EHDV is transmitted between its ruminant hosts by speci€ubti€oidesbiting midges. There is no
scientific evidence to suggest that mosquitoes have a role inatintission of EHDV. In Europe
several suspected EHDV vectors are presieictuding potential vectors such a8: imicola and
suspected vectors within the Pulicaris and Obsoletus complexes. Other species may also act as vectors
for EHDV but their competemcand capacity has not been investigated.

The similarity between the geographical distribution of recent EHDV outbreaks in North Africa and
West Asia, and the BTV outbreaks in the same areas at the end3ffetheonstitutesa reason for
concern.An assesment of the risk of introduction of EHDV into the EU was developed by taking
into consideration 3 possible entrance pathways: i) via imported infectious animals ii) via infectious
vectors and iii) other routes e.g. via vaccines or germplasm. When goearantl testing for EHDV

are in place, the probability of importing an infectious animal into a Edinber Stat€dMS) was
considered to be negligible. The probability of introducing an infectious animal through illegal
movement of livestock or transit of Mtianimals was not considered to be negligible and could be
high depending on the origin and the season of movement. Following EHDV introduction by an
infectious animal the risk of exposure to EU susceptible animals during periods of vector activity was
considered to be high. Depending on the temperature at the time of introgticiaisk of spread

was considered to be moderate or high.

The risk of introduction of EHDV into the EU from neighbouring countries by wind dispersal of
vectors was rated as higVector abundance and climatic conditiaosild be favourable to sustain
EHDV circulation; therefore, presence of EHDV in neighbouring countries poses a significant risk for
introduction and establishment of EHDV in the EU.

The risk posed by contaminatedccines for EHDV introduction was considered to be negligible for
authorized medicinal products. The lack of information regarding EHDV presence in germplasm
rendered the assessment of the risk of introduction via this patiatppssible.
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EHD in deer & a notifiable disease in EWMlember states (MSaccording to Council directive
92/119/EEC. Active surveillance programmes for EHDV infection are not in place in the EU and are
limited in EU neighbour countries. Passive surveillance is complicated byntiilargy of clinical

signs with BT. Monitoring of disease prevalence (active surveillance schemes) is difficult at present
due to thdack of commercial serological diagnostic methods.

As shown for BTV, vaccines may play a primary role for the contr@DV should the infection

enter the EU. However, at this time no inactivated EHD vaccines are commercially available.

A surveillance programme (active and passive) in high risk are@ sensitive diagnostic tests
should be established for early detentof disease introductiom case of an outbreak of EHD in the

EU, key actions should include detection of infected animals, epidemiological investigations,
restriction of movements, and eventually, long term surveillance. The surveillance should bg done
serological testing if such tests are available. If viraemic animals were detected in a previously free
area culling or slaughter of these animals should be used as a control measure. In addition, mitigation
measures on th€ulicoidesvectors, as usefbr BTV control (e.g. insecticides and repellents, good
farm hygiene to remove vector breeding sites) could be also used for EHDV.

EFSA Journal 2009; 7(12)418 3
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BACKGROUND AS PROVIDE D BY EUROPEAN COMMISSION

Epizootic hemorrhagic disease (EHD) is a disease included within the category piergpecies
diseases in Article 1.2.3. of the Terrestrial Animal Health Code of the World Organisation for Animal
Health (OIE).

EHD has been considered one of the most important diseases of deer and EHD of deer is therefore
listed as a notifiable disease Annex | of Council Directive 92/119/EEC introducing general
Community measures for the control of certain animal diseases and specific measures relating to
swine vesicular disease.

Epizootic hemorrhagic disease virus (EHDV) is the causal agent of EHDVE$ia member of the
genusOrbivirus, family Reoviridae,for which 10 serotypes are recognised (according to Gorman,
1992) and that is closely related to bluetongue virus (BTV).

EHD often causes death in deer and, less frequently, a bluetlkgyukness in cattle. However,

certain EHDV serogroups (e.g. Ibaraki virus) may cause more serious outbreaks in bovine animals.
Sheep can be infected experimentally but rarely develop disease and goats do not seem to show
clinical signs of this disease. EHD alsomggies with the OIE's definition of an emerging disease,
namely with the criterion "a known infection spreading to a new geographic area or population.”

Epizootic hemorrhagic disease reported in North America, Australia, Asia and Africa but until
recentlywas not found in Europe or its vicinity. However, EHD has been reported during 2006 in the
Mediterranean basin (Morocco, Algeria, Tunisia and Israel) and also in 2007 in cattle in western
Anatolia and in Turkey, where it had never been observed beforautlieaks in Israel durgn2006

were attributed to EHDWV, outbreaks in Morocco and Algeria were similar to EHBEHDV-

strain 318) while the outbreaks in Turkey are attributed to E¥8DVhe origin(s) of the 2 EHDV
serotypes which have affected the Medanean countries remain unclear.

EHDV is transmitted by insect vectors, usually midges in the g@ulisoidesbut it appears that
other species of gnats and mosquitoes can also transmit EHDV.

It is known that infected deer can remain viraemic fotaip months but the length of the viraemia in
cattle and sheep remains unclear.

The EHD affected areas in western Anatolia and in Morocco are adjacent or very close to European
territories, where BTV has caused serious outbreaks. Following the recemtyasbpattern of BTV
spreading from North Africa to South European regions in Spain, Portugal, France and Italy, EHD
remains a matter of concern. In addition, as regards control measures no vaccines are available for
most EHDV serotypes.

Therefore, the cuent distribution of EHD in the vicinity of Europe deserves special consideration as
regards i) the epidemiology of EHD and its possible spread into new regions, ii) the surveillance and
monitoring activities in the countries at risk, iii) the clinical dabloratory diagnosis of EHD, iv) the
possibilities for the development of vaccines against EHD and v) the competent vectors implicated in
the spread of EHDV.

The presence of EHD in EU neighbour countries represents a challenge for risk managers. It is
therefore necessary to determine the extent of the problem and to decide which surveillance and/or
control measures could be put in place to manage the risk. In addition, risk managers have to manage
areas of uncertainty, such as: when, how, and how oftemnduesion may occur, its impact on
livestock and whether EHD diseases will become endemic in the EU.

Therefore, the Commission is in need of further scientific advice on risk assessment, significance,
vectors, and control measures as regards EHD

EFSA Journal 2009; 7(12)418 6
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TERMS OF REFERENCE AS PROVIDED BY EUROPEAN COMISSION

In view of the above, and in accordance with Article 29 of Regulation (EC) No 178/2002, the
Commission asks EFSA for a scientific opinion on:

e the significance of the presence, origin and occurrence of EHD icestilsle species
(specially livestock animals) in the EU neighbour countries for a better understanding of the
possible evolution of the disease in the context of the EU epidemiological situation;

e the possibility of EHD to spread to and within the EU armd persist considering
epidemiology, vectors, livestock and climatic conditions.

e the role played by different vectors in the spread of EHD and the means to control them.

e the possible measures to control and eradicate the disease including surveillamokeptont
vectors, availability of suitable vaccines and other elements.

EFSA Journal 2009; 7(12)418 7
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ASSESSMENT
1. Approach to the mandate

The mandate for this scientific assessment focuses on EHDV as a hazard, and the request of the EC is
to assess the likelihood of entry, establishnaemt spread of the hazard in the EU.

The mandate was composed of four terms of reference (ToR):

¢ ToR 1: The significance of the presence, origin and occurrence of EHD in susceptible species
(specially livestock animals) in the EU neighbour countries foetteebunderstanding of the
possible evolution of the disease in the context of the EU epidemiological situation;

This ToR was addressed by a comprehensive literature s@gpbndix A)in order to provide the
necessary information to complete the riskeasment. The review focused on (i) a description of the
hazard (EHDV, all known serotypes), (ii) on the identification of host species susceptible to EHDV
infection, both wild hosts and livestock, and (iii) on a description of the pathogenesis of EHD,
including duration of viraemiglinical signs and lesions, effects on production and welfare risks, in
particular in livestock. This information is contained in Chapter 2 of this opinion.

The geographical occurrence and distribution of EHDV in the world spetifically in EU
neighbouring countries was also addressed to understand the significance and the possible evolution
of EHD in the context of the EU. This information is included in Chapter 4 of this opinion.

e ToR 2: The role played by different vectansthe spread of EHD and the means to control
them.

A considerable amount of scientific information has been already collect€dlmoidesas vectors

of BTV for previous EFSA opinions. Therefore, this TOR was addressed by a literature search with
the aimof highlighting the role ofCulicoideson EHDV transmission. When necessary, cross
reference was made to previous EFSA opinions to illustrate data on vector biology, identification,
geographic distribution, control and surveillance. This information nelsded in Chapters 3 and 5

of this opinion.

e ToR 3: The possibility of EHD to spread to and within the EU and to persist considering
epidemiology, vectors, livestock and climatic conditions.

The introduction of EHI into EU, the likelihood of EHDV to spael to and within the EU to persist

was assessed following the methodology proposed bwibrdd Animal Health Organizatio(OIE )

for import risk analysis (OIE 2004) . The release assessment described the possible virus introduction
pathways by commoditie§ he exposure assessment estimated the probability that a susceptible host
from EU is exposed to EHDV and the consequence assessment was performed on assessing the
likelihood of spread of EHDV once the hazard has been introduced. The risk assessmentasiode
developed considering as the hazard EHDV of no particular serotype and cattle as the host, however it
should be noted that other potential hosts such as sheep or wild ruminants could play an important
role. The extrapolation of data originated frame turrent knowledge of BT was clearly indicated in

model description section. The risk assessment is described in section 6.

e ToOR 4: The possible measures to control and eradicate the disease including surveillance,
control of vectors, availability of sw@ible vaccines and other elements

Early detection of EHDV infection is crucial for the implementation of any surveillance or control
programme. Therefore, the first step to address this ToR, was to perform a literature review on the
available diagnostic tbniques for EHD and its performance. The possibility of ereastion with

other orbiviruses was specifically addressed. Information was then providedowitoring and

EFSA Journal 2009; 7(12)418 8
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control measuresrcluding vacciration) applied in other parts of the world where EYAZ present.
This information is contained in Chapter 5 of this opinion.

The conclusions and recommendations emanating from this background information and from the risk
assessment performed to answer these ToR are included in Chapter 6 of this opinion.

2. Epizootic Hemorrhagic Disease

Epizootic haemorrhagic disease (EHD) is a vector borne disease caused by EHD virus (EHDV), an
Orbivirus distinct from bluetongue virus (BTV) (MacLachlan and Osburn, 2004). It is transmitted by
Culicoidesand, like BTV the EHIY group includes a number of distinct serotypes.-8irical

EHDV infection of domestic ruminants occurs throughout the temperate and tropical regions of much
of the world. In certain circumstances, however, EHDV infection may result in overt disease in
infected ruminants, especially cattle and some species of deer, and this probably reflects the
pathogenicity of the infecting virus strain and the susceptibility of the animals infected. There is no
evidence to date that EHDV infection occurs in Europe.

2.1. Epizootic Haemorrhagic Disease Virus

EHDV belongs to the family Reoviridae, genus Orbivirus and shares many morphological and
structural characteristics with the other members of the genus such as BTV, African horse sickness
virus (AHSV) and equine encephaltwsirus (EEV) (McLachlan and Osburn, 2004) such as being a
dsRNA virus with a linear genome of 10 segmentsaiortment of segments between different virus
strains can occur (Allison et al. 2009). Neassortment between BTV and EHDV has been reported.
As for BTV, the primary determinant of serotype specificity is the outer capsid VP2 protein, although
VP5, the other external protein, is also involved as a secondary determinant (S€uovailtzet al.,

2008). Historically, based on serological redtyiva total of 8 EHDV serotypes have been recognised
according to Campbekind St George (1986) (Table 1). More recent studies indicate that EHDV
serotype 3 (Ib Ar 22619) is in fact the same serotype as EHDMthonyet al, 200%, 200%) and
thereforethe total number of EHDV serotypes has been proposed to be 7.

Table 1:  Currently recognised EHDV serotypes (adapted from Campbell and St George, 1986)

Serotypes
EHDV-1 New Jersey
EHDV-2 Alberta, IbarakandCSIRO 439
EHDV-3 Ib Ar 22619a
EHDV-4 Ib Ar 33853
EHDV-5 CSIRO 157
EHDV-6 CSIRO 753
EHDV-7 CSIRO 775
EHDV-8 DPP 59
a:EHDV serotype 3 (Ib Ar 22619) has been found to be similar toEIDV

Also, recent efforts to characterise an-typed strain of EHDV designated as ERD8 have
concluded that this strairs iserologically identical to EHD¥ (Anthony et al., 2009 200D).
EHDV-318 was responsible for the recent outbreaks occurring in North Africa and Turkey. A panel of
reference strains of EHDV is not yet officially recognised. In Table 2, however, a aictedypted list

of reference stiias is displayed.

EFSA Journal 2009; 7(12)418 9
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Table 2:  Reference strains in the ds RNA virus collection at Institute for Animal Health (IAH)
Pirbright UK and at the ArthropeBorne Animal Diseases Research Laboratory (ABADRL), USA.

Reference strains

EHDV-2
CAN1962/01
EHDV-1 EHDV-3* EHDV-4 EHDV-5 EHDV-6 EHDV-7 EHDV-8
USA1955/01 EHDV-2 NIG1967/01 NIG1968/01 AUS1977/01 AUS1981/07 AUS1981/06 AUS1982/06
(Ibaraki vius)
JAP1959/01

a:EHDV serotype 3 (Ib Ar 22619) is proposed to be the same serotype ass EHDV

Genomic studies and phylogenetic analyses have also been used to better understand the
epidemiology of EHDV (Wilson, 1994 Wilson, 199b; van Staden et al., 1991; Cheney et al., 1996;

Mecham et al., 2003; Murphy et al., 2005; Murphy et al., 2006). According to these studies it was
possible to group the North American EHDV strains on the bddlet serotype or topotype. More

recent studies comparing the whole genome of typed and untyped EHDV strains revealed that the
internal proteins can be usedandAousdgrradp aBHRW di mty
(i.e. Americas, AfricamandMiddle East) strains (Anthony et &200%D)

In should be noted that there are genetic variations within serotypes, thus strain designations should
be based on serological and molecular characteristics. However, genetic differences in the VP5 gene
do not clange the serotype designatigknthony, et al., 2009a Analysis of the VP2 gene sequence
showed a 97% identity within North American strains of EHD¥llowing the determination of the
geographic origin (topotypes) of isolates within this serotype (Chetegl., 1996). EHDV3
(NIG1967£1) has been shown to be serologically similar to EHDa&hd has an 88.7% identity with
EHDV-1 (USA1955/01) for the VP2 gene sequence (Anthony et al.,a2008, there are distinct
genetic differences between other genaisages for these viruses (Wilson et al., 2(08nthony et

al., 2009). Ibaraki virus has long been known to be a strain of EFD$ugiyama et al., 1989) and

has a high homology of the gene segments of other strains into this serotype (Uchinuno @3;al., 20
Ohashi et al., 1999; Ilwata et al., 2001). However, EHDibaraki strain) has been shown to cause
disease in cattle (Omori et al., 1969) while the North American strains of EHBAX¥e not. . Also
EHDV-318 (now classified as EHD®) and EHDV7 causeddisease in cattle in NorthfAcan,
Turkeyand Israeli outbreaks, while the same serotypes we@ated anon pathogenic in Sudan and
Australia.

In terms of diagnostic development it is important to note that VP7 is the serogroup specific immuno
dominan protein and is highly conserved among the EHDV serotypes, showing a high percentage of
identity at the amino acid level (Mecham et al., 2003). The genes encoding theutaral proteins

NS 13 are highly conserved within the serogroup but distinenfBTV (Wilson, 1994a and b;
Jensen et al., 1994; Jensen and Wilson, 1995; Anthony et alg)208% genetic conservation makes

the NS proteins good targets for nucleic acid detection methods.

More details on the available genetic information can be ndou at:
(http://Iwww.reoviridae.org/dsrna_virus_proteins//Accession%20numbers%20for%20EHDV%20sequ
ences.htm).

The physiechemical properties of EHDV are similar to those of other members of the genus
Orbivirus (e.g. BTV, AHSV and EEV) (Coetzer and GuthrieQ420

EFSA Journal 2009; 7(12)418 10
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2.2. Susceptible hosts

EHDV has been historically associated with disease in wild cervids, particularly-taihste deer
(Odocaoileus virginianus) in North America. Ibaraki virus, now classified as EFADWas found to
cause disease in cattle in Japan (@rabal., 1969)EHDV-6 and EHDV{7 have recently been shown

to be pathogenic for cattle in some Mediterranean countries (Temizel29G8, Yadin et a].2008).
European sheep have also been found to be susceptible to infection with EHDV but altremmglav

has beerdetected the infection was subclinical (Tomori 1980, Gibbs et al., 1977, Thompson et al
1988). The role of goats as a host for EHDV is uncertain. EHDV antibodies have been detected by
AGID test in goats from regions where EHDV occurgha field and it may be that a proportion of
these, like sheep, devel@plow level viraemia (Al Busaidy and Mellor 1991). In a field study in
Indonesia using seroneutralization, only 1 out of 88 goats showed antibodies againstSEHDV
Additional studies eed to be done to clarify the role of goats as host for EHNgs are not
susceptible to EHDV infection (Gibbs et al., 1977) and little is known about susceptibility of dogs. In
a serological survey conducted in an area having a high prevalence of Biftitérailed deer no
EHDV positive dogs were detected (Hawre et al, 1995). There is still a considerable lack of
information about susceptibility to EHDV infection and the epidemiological role of many domestic
and wildruminant speciesThe current knaledge on susceptible species to EHDV is summarised in
Table 3.

Table 3: EHDV Susceptible species

Latin name Common name Infection Clinical Serotype/ Referencé
disease detection
Bos taurus Cattle Nat yes 2 (Serol) House et a).1998
no 2(Serol) Pasicket al, 2001
no 2(VI) Dulac et al. 1989
Nat yes 2 (Ibaraki)
(VI Omori et al, 1969
(Serol) Ohashi et aJ1999
Nat yes 6 (VI) Temizel et al2009
Nat yes 7(VI) Yadin et al, 2008
Nat no 5 (Serol) Sendow et a].1991
Nat no 2,5,7,8(VIl) Gardand Melville, 1992
no 1 (V1) Weir et al, 1997
Odocoileus White-tailed Nat yes 2 (VD) Gaydos et a]2004
virginianus deer Nat yes 1(VI) Murphy et al, 2006
Nat yes 6 (VI) Allison et al, 2009
Antilocapra Pronghorn Nat ? Unknown* Dubay et al.2006a
americana antelope Dunbar et al1999
Odocoileus hemionu: Mule deer Nat yes 1 (Serol) Dubay et al 2004
Nat yes 2 (VI) Noon et al. 2002
Oryx leucoryx Arabian oryx Nat no Unknown* Frolich et al, 2005
Mazama Grey  brocket Nat ? Unknown * Deem et al 2004
gouazoubira deer
Ovis canadensis Rocky Mountain Nat yes 2 (V) Noon et al, 2002
canadensis bighorn sheep
Ursus  americanus Black bear Nat no Unknown* Dunbar et al 1998
floridanus
Cervus elaphus Red deer Exp no 1(VI) Gibbs and Lawmar
Dama dama Fallow deer 1977

Capreolus capreolus Roe deer

Muntiacus muntjac  Muntjac deer

Ovis aries Sheep

Capra hircus Goat Nat no 2 and 6 *(Serol) Al-Busaidy and Mellor,
1991
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Diceros bicornis Black Nat no Unknown FischerTenhagn et

rhinoceros al., 2000
Ceratotherium White Nat no Unknown FischerTenhagen et
simum rhinoceros al., 2000

*Sera tested by AGID: possible cressaction with BTV antibodies.

Infection: (Nat) Natural or (Exp) Experimental

Detection: (Serol) Serological detection(VI) viral isolation

a) The list of references is not exhaustive. The references selegt@ia werethe completeness of information instead of
first occurrence.

2.3. Pathogenesis of EHDV infection

The pathogenesis of the EHDV is similar to that of Bith initial virus replication in endothelial

cells of the lymphatic vessels and in the lymph nodes draining the site of infection (Sohn and VYuill,
1991). EHDV is then disseminated to the secondary sites of replication such as other lymph nodes and
spleen In the viraemic phase, the virus is eadisociated and in particular to red blood cells where the
virus is present in higher titre for longer period of time (Gibbs and Lawman, 1977, Aradaib et al.,
1997). In vitro studies have indicated that replicatiddrthe EHDV could be monocyiependent
(Stallknecht et al., 1997)

The duration of viraemia has been investigated in natural or experimental studies in deer and cattle.
Even though in some cases it was possible to isolate EHDV from animals for morgOtllays,
usually infectious virus could not be detected beyond 3 weeks from infection.

Of 11 whitetailed deer experimentally infected with EHERV five were viraemic at day 2 p.i., and by

day 4 all animals were viraemic. Viraemia peaked at day 6 witdstéxceeding 104.9 TCID50/ml of
blood. Two deer were still viraemic at day 59, although with a very low titre (<102.3 TCID50/ml).
Clinical disease was observed between days 6 and 14, but no deaths were reported (Gaydos et al
2002). In another experiméal study using EHDMW2, viraemia was detected in 3 of 16 inoculated
deer at PID 2, and all the animals were viraemic by PID 4. Peak of viraemias occurred between PID 4
and PID 10 (Table 4). Two deer remained viraemic until PID 56, when the study wasdeahclu
(Quist et al., 1997).

Table 4: Viraemia in whitetailed deer experimentally infected with EHE(adapted from Quist
et al, 1997)

Days Post infection 2 4 6 8 10 12 14 17 21 24

Number of viraemic 5.0 1516 16116 14/14 1113 1012 102 1011 811  6/11
deer /total

Days Post infection 28 30 32 36 42 49 56

Number of viraemic — ¢19  g11 3111 210 2/10 210  2/10
deer /total

In cattle experimentally infected with EHD¥ the virus was isolated from 4 of 6 animals on PID 28
and from one animal at PID 50, but frahout of 6 at 2 and 3 months (Gibbs and Lawman, 1977).
Calves inoculated with EHDAI and EHDV2 had a detectable viraemia from 9 to 23 dpi and from to
8 to 16 dpi, respectively (Aradaib et,dl994)

A strain of EHD\,2 isolated from a whit¢ailed deerhat died of a hemorrhagic disease was passaged
twice in der and used to inoculate calvegSalves inoculated became infected, as evidenced by
development of viraemia and seroconversion. The results of viraemia detection are summarized in
Table 5 (Abdy etla, 1999
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Table 5:  Viraemia in calves experimentally infected with EHEV(adapted from Abdy et al
1999

Days Post Infection 6 8 10 12 14 16 18 20 24 31 38 44 51

Number of viraemic oo o0 615 46 4/6 36 36 36 206 1/6 0/6 1/6 0/6
calves /total

Gard and Melille (1992) provided information on the duration of viraemia in cattle naturally infected
with EHDV-2, -5, -7 and-8 (Table 6). Although the authors reported that the number of viraemic
animals could be underestimated because of the isolation techniqeestuthe beginning of the
study it still represents valid field information

Table 6: Duration of viraemia in 130 sentinel cattle (Adapted from Gard and Melville 1992)

Duration of viraemia in weeks (viral isolation)

<1 1-2 2-3 3-4 4-5
EHDV-2 46* 24 6 4 1
EHDV-5 31 3 0 1 1
EHDV-7 0 1

EHDV-8 12
*Number of viraemic animals per week

According to Quist et al.(1997), animals infected with EHDV might show high levels of gamma
interferon starting from day 4 pi until the appearance of detectable antbddiedpi). Following
infection with EHD\*1 neutralising antibodies were detected between day$41(@Gibbs and
Lawman 1977). The immunological response is not able to completely eliminate the virus from
circulation and in infected animals it is possibtefind simultaneously neutralising antibodies and
EHDV. As for BTV, this is due to the strong association between the virus and the red blood cells

In young deer whose mothers had been infected with EHDV seroneutralizing maternal antibodies
were found in erum up to 1718 weeks of age. The presence of passive immunity could not prevent
infection or viraemia on fawns naturally exposed to EHDV challenge but was able to protect against
the severe clinical form of the disease (Gaydos et al., 2002b). Infectibnawparticular EHDV
serotype confers protection agaitis¢ infection by the homologous serotype, as shown by Ibaraki
outbreaks in Japan where after the first outbreaks in 1959 many cattle in the epizootic areas had
antibody against the virus and bothnridity and mortality decreased during the 1960 outbreaks in
same area (Omori et.a1969). Duration of this protection is unknown but evidence for monitoring of
natural infection, and from the use of live attenuated vactiggests it may last for éf(Stalknecht

et al. 1991).

Also there is partial crogsrotection against severity of disease between the North American
serotypes EHDVL and EHD\/2, probably due to some antigenic relationship. However, it does not
protect from infection and viraemiéGaydos et al 2002b) It is not known if crosgprotection
between other serotypes does exist. No epostection was observed between BTV and EHDV when
EHDV previously infected deer were subsequently infected with BTV (Quist et al., 1997).

EHDV is a veobr borne disease. Nevertheless, oral and faecal shedding of BHi@vh whitetailed
deer has been reported (Gayedosl, 2002) but the epidemiological role of this transmission route is
probably insignificant. Virus has also been recovered from visiwabs of a sheep that had recently

“ Kyoto Biken Laboratories inc.
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lambed (Gibbs and Lawman, 1977), the most likely explanation being blood contamination of the
samples. Transplacental transmission has been demonstrated by isolation oR2EHiIax&ki) from
internal organs of aborted fiuses (Ohashi 1999). The isolation of BTV from semen has been
reported (Howard et gl1985) although the presence of the virus in semen appears to be a rare event
(Melville et al, 1996). No reports of EHDV isolation in semen have been found. The exp&lme
infection of sheep by inoculation with semen from bulls infected with E¥2D¥ and 7 did not lead

to infection, however in the trial virus was only isolated from blood and not from semen (Gard et al
1989).

2.4. EHD clinical signs and lesions

EHDV was intially recognised as a disease of whiled deer but clinical signs have been observed
also in cattle and other wild and domestic ungulates. The disease is characterized by high morbidity
and mortality in whitetailed deer while in cattle morbidity vas from 1 to 18% but mortality is
usually low.

2.4.1. EHD in cattle - Japan

The first EHDV strain demonstrated to be pathogenic for cattle veatbénaki virus strain (EHDV

2). The diseas@ccurring in Japamwas characterized by fever, anorexia and difficulsiallowing,

which may lead to dehydration and emaciation with aspiration pneumonia constituting the major
cause of death in affected animals (Inaba, 1975). Oedema, haemorrhages, erosions, and ulcerations
may be seen in the mouth, on the lips, and arth@doronets. The animals may be stiff and lame and

the skin may be thickened and oedematous. Abortions, foetal malformations and stillbirths have also
been reported in the 1997 epidemics in Japan (Ohashi 1999). The swallowing disorder is caused by
damageto the striated muscles of the pharynx, larynx, oesophagus and tongue. The lesions are
histologically characterized by hyaline degeneration, necrosis and mineralization of striated muscle
accompanied by an infiltration of neutrophils, lymphocytes anddyste.

2.4.2. EHD in cattle - North America

North American isolates of EHDV are able to cause viraemia in cattle and in sheep, usually without
inducing clinical disease (Abdy et al., 1999; Thompson et al., 1988), There are occasional anecdotal
reports of naturatlinical disease in cattle associated with EHDP\Activity (House et al., 1998,
http://www.cfsph.iastate.edu/Factsheets/pdfs/epizootic_hemorrhagic diseashapdiver, it has not

been substantiated that North American strains of EHDV can cause disease in cattle.

2.4.3. EHD in cattle - EU neighbour countries

During the summer of 2006 outbreaks of EHD caused by EfdDMere reported from Turkey,
Morocco, Tunisia, Algga and Jordan in dairy and beef cattle. In these outbreaks the animals
presented clinical signs similar to the ones described for EHD in Japan, with low case fatality. In
Morocco almost half of the premises affected had high morbidity rates (98 out 2f8Heerds had

rates of over 33%) but many of these farms were small, with the largest number of cases being 8 on a
single farm. The overall morbidity rate was 18% (329 cases out of 1814 susceptible animals), while
the casdatality rate was 2.2%. In Isrhduring theautumn of 2006 an outbreak of EHD resembling
Ibaraki disease was reported. The isolated virus was typed as #HP&din et al., 2008) and was

the first identification of serotype 7 causing significant clinical signs in cattle. Wiiid mobidity

ranged from 5to 80 per cent in infected dairy herds, with variable involvement of replacement
heifers; the caskatality was less than 1 per cent. The duration of the disease in individual animals
was reported to range between three and 30 dayereThere no reports of a distinctive disease
syndrome in sheep or goats in these areas. Affected cows showed a 10 to 20 per cent reduction in milk
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production and loss of appetite, followed by clinical signs similar to lbaraki. Some or all of the
clinical 9gns of EHD were reported in a total of 105 cattle herds (80 dairy herds, 21 beef herds and
four feedlots). A study conducted in Israel indicated losses in milk production of 140 kg milk per
milking cow during the disease period ®fmonth and an increas# 1.31% in the mortality rate.

Extra use of medicines and losses due to abortion, infertility problems and inferior milk quality were
noted as result of the disease (Hagai Yadin personal communicai@ummary of information
regarding morbidity and mtality is presented in Table 7.

Table 7:  Morbidity and mortality of EHDV infection in cattle

Serotype Location Start End  Apparent  Apparent Morbidity Case Reference
morbidity  mortality  per herd fatality rate
2 (Iba) Japan Sep Nov 1.96 %* 0.2%* 0.01-12.6% 10.3% Omori et
59 59 a) al., 1969
2 (Iba) Japan Sep Nov 1.16%* 0.06%* 5.8% Omori et
60 60 al., 1969
2 USA Aug Oct Up to 20% House et
96 96 al., 1998
NK French Jan 3.23% 0 - 0 Breard et
Reounion 09 al., 2004
7 Israel Sep Nov 5-80% Less than Yadin et
06 06 1% al., 2008
6 Turkey Jul Aug Temizel et
07 06 al., 2009
6 Morocco  Jul Sep 18% 2.2% OIE-
07 07 WAHID
2006
6 Algeria Jul 8% 0.5% OIE-
06 WAHID
2006

* total of animals in districts involved in the outbreaks
a) depending on district
NK Not known

2.4.4. EHD in wild ungulates - North America

Three clinical forms of EHD have been describedvhite-tailed deer, peracute, acute and chronic
forms. The peracute form is characterized by high fever, anorexia, weakness, respiratory distress, and
severe and rapidedema of the head and neck. Swelling of the tongue and conjunctivae is also
common.Hemorrhagic diathesis with bloody diarrhoea and/or haematuria, and dehydration are typical
findings in dead animals. Deer with the peracute form of disease usually dddyrapithin 8-36

hours, sometimes without clinical signs. In the acute form (or classical form), the above described
clinical signs might be accompanied by haemorrhages in many tissues including skin, heart and the
gastro intestinal tract. There is oftegperaemia of the conjunctivae and the mucous membranes of
the oral cavity with excessive salivation and nasal discharge sometimestibpexl Animals with

the acute form maydevelop ulcers or erosions of the tongue, dental pad, palate, rumen and
abomasm. In both the peracute and acute forms the mortality rate is generally high. In the chronic
form, deer are ill for several weeks but gradually recover. After recovery, because of the growth
interruption, the animals might develop breaks or rings in tbhedsand might become lame. In some
cases, animals slough the hoof watid crawl on their knees or chest. Deer with the chronic form
might also develop ulcers, scars, or erosions in the rumen (lowa State Centre for Food Security and
Public Health) extenge damage to the lining of the rumen can cause emaciation even when there is
no shortage of food. Histopathologic lesions may include widespread vasculitis with thrombosis,
endothelial swelling, haemorrhages, degenerative changes, and necrosis in nasngspgaiallfhe

tongue, salivary glands, walls of forestomack@rta and papillary muscle of thdtlgentricle of the
myocardium.

EFSA Journal 2009; 7(12)418 15



: e.f'sa"-

Epizootic Haemorrhagic Disee

In bighorn sheep, necropsy revealed extensive subcutaneous oedema, presence of yellow fluid in the
thorax and pericardiadac, greenish discharge from the nose and blood around the anus. Multifocal
haemorrhages in the epicardium and in the papillary muscle of the left ventriclals@meported.
Haemorrhages were noted on the conjunctival membranes of the eye and ooshiessefaces of the

rumen and intestine. Scattered grey plagues on the surface of the gall bladder mucosa were also
described. Microscopic petechial haemorrhages were consistently present in different organs:
myocardium, epicardium, tunica muscolaris autbmucosa of the rumen bur also in CNS. Areas of
myocardial degeneration have been also described (Noon et al., 2002a).

The morbidity and mortality due to EHD in wildlife is difficult to determine. The estimated number of
affected animals and populatiomsat risk areas suggests an infection rate of 29% and mortality rate

of 20% in whitetailed deer (Gaydos et al., 2004). Similar seroprevalence has been reported in
Pronghorn antelopeAqtilocapra americanp(Drolet et al., 1990; Dubay et al., 2@G)6White-tailed

deer are the most severely affected by the disease while the survival rate is much higher in mule deer
(Odocoileus hemionjs blacktailed deer ©Qdocoileus hemionus columbiafjuand pronghorn
antelope (Hoff and Trainer, 1981; Work et al., 1992).

2.5. Welfare impact of EHD

There can be a considerable welfare impact of this infection although the degree will vary according
to serotype of virus and species of animal infected. Severe pain and distress are likely to occur.
Clinical signs indicative of sevempain include salivation (ulceration and erosion in the mouth, tongue
and lips) and lameness (coronary band lesions). Severe distress is likely to be associated with fever,
dehydration (resulting from diarrhoea, salivation and nasal discharge), anorekisnaeased
metabolic rate (leading to emaciation and lethargy). Productivity, another measure of poor welfare, is
decreased manifesting as poor growth, lowered milk production, and reduced fertility as a result of
abortion, resorptionfoetal malformations and stillbirths. In the chronic form animals are ill for
several weeks but gradually recover but not always completely. Thus chronic wasting is a welfare
issue as the animals do not thrive.

3.  Vectors

EHDV is transmitted between its ruminant hosts, &8T¥, by species oCulicoidesbiting midges.

Such data as are available suggest that the spedi@agdiobidesthat transmit EHDV are likely to be
similar though not necessarily the same as for BTV. Consequently, the information orvirestor
interactiors, vector breeding sites, taxonomy, ecology, seasonality and control (see also Carpenter et
al.,, 2008, and the effect of climatic variables upon vectors including criteria for the vieetor
season is likely to be the same as has already been provigedtad the EFSA opinions on BT
(EFSA 2003, 2008)).

Nevertheless, the levels of competence that individual vector species and populations express for
EHDV and hence, their vector capacities, may be different than for BTV. It is also likely that the
precse temperature requirements for the replication of EHDV in vectors and the number of day
degrees required to attain a transmissible infection in the vectors will also be different than for BTV.
Such differences may form the basis of the occasional obséifiences in the current regional and
global distributions between EHDV and BTV as exemplified, particularly, in Europe and North
America.

3.1 Culicoidesbiology and taxonomy

Culicoidesare small biting flies belonging to the family Ceratopogonidae. Iremifft parts of the
English speaking world they are variously known as gnats, midges, punkies -aedumes. The
family Ceratopogonidae contains some 125 genera with about 5500 species. Of these genera, four are
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known to contain species that suck the blobdertebratesAustroconops, Culicoides, Forcipomyia
subgenud.asioheleaandLeptoconopsCulicoidesare easily differentiated from these others by wing
characters.

More than 1400 species Glulicoidesare known worldwide of which about 96% are oblegyatood

suckers attacking mammals (including humans) and biitus life cycle ofCulicoides(fig 1) includes

egg, four larval stages, pupa, and imago. Immatures require a certain amount of free water or moisture
and are found in an astonishingly wide rangf habitats that meet that criterion. Breeding sites
include pools, streams, marshes, bogs, beaches, swamps, tree holes, irrigation pipe leaks, saturated
soil, animal dung, and rotting fruit and other vegetation (Blanton and Wirth Wit and Hubert

1989). Eggs are usually laid in batches adhering to the substrate. They are white when laid but darken
rapidly. They are not resistant to drying and usually hatch within two to seven days (Blanton and
Wirth 1979, Meiswinkel et 811994). Larvae are vermifm and swim with a characteristic serpentine

or eellike motion. The duration of the four larval stages varies with the species and ambient
temperature, from as little as four to five days to several weeks). In temperate countries these periods
may be coniglerably extended because most species overwinter as-fostdn larvae in diapause

(Kettle 1984). Pupae may be free floating or loosely attached to debris. The pupal stage is brief,
usually lasting for only two to three days but occasionally threeuovieeks, depending on species

and temperature. Most ad@ulicoidesare crepuscular, and therefore peak activity is around sunset
and sunrise and to a lesser extent through the night, though a few species bite during the day. Females
undertake flight actity to seek a mate, a blood meal, or an oviposition site. Males do notfgedd

The flight range ofCulicoidesusually is short and most species disperse only a few hundred meters
from their breeding sites (Kettle 1984) or at most 2 to 3 km (Lilli@l.e1981). HoweverCulicoides

are capable of being dispersed passively as aerial plankton over much greater distances (Hayashi et
al., 1978). In general, aduGulicoidesare shoHived and most individuals probably survive for fewer

than 10 to 20 daylsut exceptionally they may live for much longer periods (44 to 90 days) and during
this time may take multiple blood meals.

Adults

- ~
\ £ Gonadotrophic
Blood-fe

feeding * cycle of adullg

§ (10-20 days) *

: Culicoides Life Cycle

-0 1 h Al
o duration: 2 days 1o 4 weeks Eggs

Figure 1: TheCulicoideslife cycle (Adapted from Purset al, 2009
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Vectorial capacity represents the number of infectiopspaulationof a given vector would cauger
case per day at a given place and time assumingjtemrs of non immunity (Garrelonesl1964). It
depends upon a series of variables includiagtor competence, biting rate, vector density, vector
survival rate and dur@n of the extrinsic incubation period. However, there is little information on
any of these variables that applies specifically to the transmission of EHDV by its vectors.

The duration of the median extrinsic incubation pgiid@), i.e. the number of ga required for 50%

of competent females to complete the development time of the virusgstiasated at different
temperatures for EHDM, in C. sonorensigtable 8). The theoretical minimum temperature for
EHDV-1 replication in a vector to a transmissildvel has been estimated to be 15.20C (Wittmann et
al., 2002).

Table 8: Estimated duration of median extrinsic period (MEP) for EHDVA C. sonorensis at
different temperatures

Temperature MEP (days)
15 -
20 18.2
25 57
30 4.8

3.2. EHDV vectors and their geogrghic distribution

Table 9 shows theCulicoidesspecies that have been implicated as confirmed or suspect vectors of
EHDV, their taxonomic relationships and the geographic locations where the studies were undertaken.

Brown et al, (1992) reported two isalmns of EHD\A4 from Anopheles vagusiosquitoes collected

in Bali, Indonesia. However, it is likely that these reflect chance isolations as there is no evidence in
this paper or elsewhere to indicate that any mosquito species can act as a biologicaFf 4@V

(or BTV). Consequently, it is unlikely that mosquitoes play any significant role in the epidemiology
of EHD.

Table 9: EHDV confirmed/suspect vector species

Subgenus Species Species Identified  Geographical Vector References
Complex EHDV Location implication
Serotypes criteria*
1 2 3 4

Avaritia Imicola C. imicola 2, 3, 5,6, South Africa X Paweska et al

7,8 Experimental 2005.
Avaritia Imicola C. bolitinos 1, 2, 3, 4, infection X

56,7
Meijerehelea C. leucostictus 5,6, 7 X
Culicoides Pulicaris C. magnus 2 X
Beltrammyia C. nivosus 57 X
Avaritia Gulbenkiani  C. gulbenkiani 2 X
Hoffmania C. zuluensis 7 X
Hoffmania C. 8 X

onderstepoortensis
Monoculicoides C. cornutus South Africa X Barnard et al,
Remnia C. nevilii South Africa X 1998
Avaritia Imicola C. imicola Sudan X X Aradaib et al,
1999

Oecacta/ Schultzei  C. king/ 4 Sudan X X Mohammed and
Remmia C. schultzei Mellor. 1990
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Oecacta/
Remnia

Haematomyidium

Monoculicoides

Haematomyidium
Haematomyidium
Haematomyidium
Avaritia
Hoffmania

Avaritia
1955

Fox,

Oecacta/
Remnia
Hoffmania

Culicoides

Schultzei

Paraensis

Variipennis

Paraensis
Paraenis
unknown
Obsoletus
Hoffmania

Imicola

Schultzei
Peregrinus

Pulicaris

O0O000

C.

C.

. brevitarsis

. schultzei Ibar
4963

. mohave

. lahillei 2

. pnorensis 1,2

. debilipalpis
. paraensis

. stellifer

. obsoletus

. venustus

8

oxystoma

lungchiensis/

peregrinus

C.

punctatus

2,56,7,

Nigeria X

North X
America
Arizona

North
America
Experimental
infection

North X
America

North
America

North
America
Experimental
infection

Australia X

Japan X
X

X

X Lee VH. 1979

Rosenstock et al.
2003
(Detection by RT
PCR)

X Smith et al, 1996

X Fosteretal., 1977
Foster et a).1980
Smith et al. 1996
Jones et al1977
Greiner et al.

1984

Mullen et al., 1985
aandb

X X X X

Jones et al1983

X St. George et al.
1983
Parsonson anc
Snowdown 1984

X Yanase et al2005

X

X

*Vector implication criteria: There are four basic requirements to implicate an insect as a vector of a pathogen. These are: 1.
isolate the pathogen from blodigte, field collected insects, 2. demonstrate in the laboratory that the insect can be
infected withthe pathogen through a blood meal from an infected host, 3. demonstrate in the laboratory that the infected
insect can transmit the pathogen to a suitable host, and 4. demonstrate that the insect comes in contact with the host in

the field (Adapted from WB 1967)

Table10 shows thos€ulicoidesspecies that have been implicated as confirmed or suspect vectors of

BTV and/or EHDV. Those species that occur within Europe are shown in bold.

Table 10: Culicoides (Latreille, 1809), regarded as vectors or potential vectdrBTV and or

EHDV.
Subgenus Species Complex Species BTV EHDV
Avaritia Fox, 1955 Imicola C.imicola X X
C. brevitarsis X X
C. bolitinos X X
Obsoletus C. obsoletus X X
C. scoticus X NK
Dewulfi C. dewulfi X NK
Orientalis C.fulvus X NK
C. dumdumi X NK
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C. orientalis X NK
Grahamii C. actoni X NK
Pusillus C. pusillus X NK
Suzukii C.wadai X NK
Gulbenkiani C. brevipalpis X NK
C. gulbenkiani X X
C.tororoensis X NK
CulicoidesLatreille, 1809 Pulicaris C. pulicaris X NK
C. magnus X X
C. punctatus X X
Silvicola Mirzaeva and Isaev Cockerellii Species unknown x NK
i/lgognooculicoidesKhalaf, 1954 Variipennis C. sonorensis X X
Nubeculosus C.nubeculosus  x NK
C. puncticollis X NK
RemmiaGlukhova, 1977 Schultzei C. oxystoma X NK
C. nevilli X X
C. kingi NK X
C. schultzei X X
Oecacta/Remmia Schultzei C. oxystoma X X
HoffmaniaFox, 1948 Guttatus C.insignis X NK
C. filarifer X NK
Peregrinus C. peregrinus X X
Milnei C. milnei X NK
C. venustus NK X
HaematomyidiunGoeldi, 1905  Complex unknown C. stellifer X X
Paraensis C. lahillei NK X
Paraensis C. debilipalpis X X
Paraensis C. paraensis X X
OecactaPoey, 1853 Furens C.furens X NK
MeijereheleaWirth and Hubert, Complex unknown C. pycnostitus X NK
éif)glgenus unknown Complex unknown C. trilineatus X NK
Subgenus unknown Complex unknown C. mohave NK X
NK: Not Know

Culicoidesimicola is an AfreAsiatic species but has established itself across southern Europe and is
now widespread in Portugebpain, the Balearics, southern mainland France, Corsica, mainland Italy,
Sardinia, Sicily, mainland Greece and several Greek islands adjacent to Anatolian Turkey (Mellor et
al., 2008). Culicoidesobsoletus andC. punctatusare northern Palaearctic specieelonging to the
Obsoletus and Pulicaris complexes. These species are widespread across most of northern and central
Europe (Mellor et a) 2008, Purse et al2005).Culicoidesschultzei is widespread in Africa and the

Middle East but in Europe has onbgen recorded from south Attica, in southern mainland Greece
(Mellor et al, 1984).
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3.3. Vector seasonality

It is well documented that BT is a disease of the late summer and autumn, and peak numbers of cases
occur at this time of the year (Mellor et,&00Q Purse et al 2005, Yonguc et 311982,Mellor and

Boorman 1995, Mellor 1994). In Africa and southern Europe w@ermicolais the major vector this

is not surprising as the population abundance of this species also peaks in late summer and autumn,
ard is virtually coincident with the peak of outbreaks in animals. However, in northern Europe, where
C. imicolais absent, the main BTV vectors &e obsoletuggroup),C. dewulfi, C. chioptersiand
possiblyC. pulicaris (group) species, whoge o p u | geak io late §pring and early summer with

much smaller peaks in late summer/autumn (Birley and Boorman 1982, Takker?@08) Fassotte

et al, 2008). Yet the pattern of disease cases in livestock remains the same as in southerni Europe

the vasimajority are in late summer and autumn.

The patterns of virus and vector activity in northern Europe suggest that the occurrence of the first
and by far the largest vector peak of the year is not reflected by an increase in virus activity but the
much sméer second peak is. Currently, the reasons for this anomaly are uncertain. It is likely that,
due to the low winter temperatures in northern Europe virus survival from one vector season to the
next in these regions will be at a very low levelnd this $ evidenced by the absence of cases in
livestock during this period in Europe (Wilson et 2007). Furthermore, it has been established that
the transmission of BTV and EHDV is enhanced by high temperatures (Mullens, 9%t
Wittmann et al 2002).

In North America the distribution of EHDV, like BTV, generally reflects the distributiorCof
sonorensisAlso, most cases of BT and EHD occur in the late summer and autumn (Stallknecht and
Howerth, 2004) at the same time that sonorensisabundancepe&ks (Gerry and Mullens, 2000,

Gerry et al., 2001. However, there are a few reports of disease as far north as New Jersey in the USA
and western Canada that beydhd normal range for this vector species (Stallknecht and Howerth,
2004, Chalmers et al1964 Shapiro et aJ 1991). Canada is usually free of EHDV except for
sporadic outbreaks that have occurred in the Okanagan valley of British Colombia (Pasick et al.,
2001). It is likely that in such locations differeGulicoidesspecies will have differentectorial
capacities for EHDV strains, as has been seen with the introduction of2Bi\Florida where the

major vector iC. insignisnot C. sonorensigMecham and Nunamaker, 1994; Tanya et al., 1992).

4. Epidemiology of EHD

EHD is a vectoborne viral digase its distribution is consequently limited to the distribution of
competentCulicoidesvectors. According taeported cases the range of EHDV lies approximately
between latitudes 35°S and 49°N. Within this range EHD deen observed in North America,
Australia, Asia and AfricaRecently, it has also been recorded in countries surrounding the
Mediterranean Basin includin§yiorocco, Algeria, Tunisia, Israel, and Tesk(Figure 3)So far there

has been no report of EHDV being present in Europe. ConversElyrope there have been at least

12 incursions of 8 serotypes of BTV (1, 2, 4, 6, 11, 8, 9, 16) since 1998 and many of the viruses have
spread widely, involving countries from Greece to Portugal and reaching as far north as southern
Norway (60N) (Mellor et al, 2008, ProMed Archive no. 20090221.0729, 21st Feb 2009)). The
reasons for these different distributions of BTV and EHib&t have a similar range of host species

and are transmitted by similar specie€aficoideshave yet to be elucidated.

4.1. EHD geographical distribution
The global distribution of EHD is summarized in Tableand represented in Figure 2
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Table 11: EHD global geographical distribution

Geographical Date of Infected Host ~ Status* Identified References
Location occurrence Serotypes
British 19871988 Cattle 2 2 (Serol) Dulac et al. 1989
Columbia
(Canada)
British 1999 White-tailed deer 2 2 (Serol Pasick et a].1999.
Columbia and California /RT_PCR study
(Canada) bighorn sheep on sentinel
cattle)
West Virginia 1993 White-tailed der 3 2 Gaydos et a]2004
(USA) (Odocoileus
virginianug
Indiana (USA) 20002002 Cattle NK NK Boyer et al.2008
Indiana and 2006 White-tailed deer 3 6 (VI) Allison et al, 2009.
Illinois (USA)
Kansas (USA) 19802002 White-tailed deer 3 1,2 Flacke et al.2004
and mule deer
Kansas (USA) 2008 White-tailed deer 3 6 (VI) Allison et al, 2009.
Texas (USA) 1985 Beef cattle 1, 2 (Serol) Fulton et al, 1989
Texas (USA) 2008 White-tailed deer 3 6 (VI) Allison et al, 2009
Colorado (USA) Dairy cattle 1,2 (VD) Foster et a).1980
Missouri (USA) 1996 White-tailed deer 3 2 (VD) Beringer et al.2000
Missouri (USA) 1988 White-tailed deer 3 2 (VD)
Missouri (USA) 20072009 White-tailed deer 3 6 (VI) Allison et al, 2009
Arizona (USA) 2002 Mule deer 2 1, 2 (Serol) Dubay et al.2006
Arizona(USA) 20012002 Pronghorn 2 1, 2 (Serol) Dubay et al.2006a.
Florida (USA) 1998 Black bear 2 NK (Serol) Dunbar et al.1998
California(USA) 19871991 blacktailed and 2 NK (Serol) Chomel et a] 1994
mule deer
Midwestern 1996 Cattle 3 2 (Seroal) House et al. 1998
states (USA)
Mexico 1994 White-tailed deer 2 NK (serol) Martinez et al.1999
Sudan 1982 Cattle 2 4,6 (VI) Mohammed and Mellor
(sentinel cattle) (EHDV 318 1990.
Nigeria 19671970 Culicoidesspp. 2 3,4(VI) Lee1979.
South Africa 19951997 Cattle 3 NK (V1) Barnard et al.1998
Japan 19591960 Cattle 3 2 (Ibaraki strain) Omori et al, 1969
(V1)
Japan 1997 Cattle 3 2 (Ibaraki strain) Ohashi et a).1999
W)
Australia 1992 Catle 2 1,2,5,7,8VI) Weiretal, 1997.
Gard and Melville1992
Indonesia 1991 Cattle, Buffaloes, 2 5 (Serol) Sendow et a].1991
sheep
La Reunion 12/01/2009 Cattle 3 NK OIE WAHID Disease
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start date RT-PCR Information 2009; 22(9).
La Reunion 2003 Cattle 3 NK Bréard et al.2004
RT-PCR
*Status : (1) Disease suspected but not confirmed (2)Confirmed infection but no clinical disease (3)Confirmed clinical

infection
Detection: (Serol) Serological detection or (VI) viral isolation
NK: Not known
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Figure 2:  Map with the localization of the EHDV infection worldwide.

Where no geographical details as district/province etc, are not reported, the whole country has been indicated as infected.

4.2, EHD in the Mediterranean countries

The geographical distribution of Y in EU neighbouring countries is summarized in Talledd
illustrated in Figure 3Before 2000 there were only scanty reports on the presence of EHDV in the
Mediterranean Basin. To meet the first report we have to go back to 1951 when in Israet@ disea
similar to BT was described in cattle and sheep (Komarov and Goldsmith, 1951). At that time no
typing was made. Other more recent evidenc&ldDV presence was described in Turkey where
EHDV antibodies were detected in cattle and sh8epgu, et al., 291). As occurred for BTV at the

end of the 90es, the EHDV Mediterranean situation changed after 2000. In 2001 clinical cases were
described in cattle in Israel. EHDV was identified as the cause of the outbreak but no information on
the serotype was avdilke. In 2004, an outbreak caused by EHBY318) was reported in Morocco.

The same serotype was responsible for another outbreak in the same country two years later . In the
same year, EHD\6 caused outbreaks in Algeria and Tunisia and one year laterkeyl{demizel et
al.,2009)Also in 2006, clinical cases were described in Israeli cattle . The first cases were observed in
the region bordering Jordamn contrast with the other Mediterranean outbreaks, EHDWas
identified as the responsible serotype.the same year suspect clinical cases of EHDV were
described in Jordain summary, btween 2006 and 2007, outbreaks caused by EHDV infection have
been reported in Algeria, Tunisia, Morocco, Israel, Jordan and Turkey. Two different serotypes were
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involved, serotype 6 (EHDV 318) and serotype 7. Both isolates were pathogenic and capable of
causing disease in cattle. There was no information available about the possible origin of the two
strains. I n t-6was idertitied in 8udaih,sBahiEah Briché@n, and it is likelythat this
serotype hasemained in the region until the recent outbreaks. Conversely the only place where the
presence of EHDV has been evidencether than Isragb Australia.

Even though the origin of the EHDV serotypes whicleeted the African and Asian Mediterranean
countries remains unclear, it is important to notice that there is an alarming similarity between the
recent EHDV scenario and that of BTV which took plat¢he end of the 90es. During that period
some BTV sergtpes initially circulated in Algeria, Tunisia, Turkey and Israel, were able to cross the
Mediterranean Sea and invade Southern Europe through western, eastern and southern corridors.

Table 12: EHD geographical distribution in Europe neighbour regions

Geographical Date of Infected Status of Identified References
L ocation occurrence Host infection Serotypes
Turkey 07/2007 Cattle 3 6* Temizel et al.2009
Turkey Approx Cattle 2 NK Burgu, et al1991,
198687 and (AGID) 31/568 cattle sera +ve
sheep 16/230 sheep sar+ve
Israel 28/08/2006 Cattle 3 7 OIE Disease Information, 28 Se

2006, Vol 19- No. 39
http://www.oie.int/eng/info/hebdc
[AIS 77 .HTM#Sec8

Yadin et al. 2008

Israel 2001 Cattle 3 Promed, archive number
20060925.2739
Israel 1950 Cattle 1 NK Komarov and Goldsmith, 1951.
Jordan 09/2006 Cattle 1 NK Promed, archive numbe
20061215.3525
Morocco 28/07/2006 Cattle 3 6* OIE Disease Information, 2 No
(RT-PCR 2006, Vol 19- No. 44
andELISA) http://www.oie.int/eng/info/hebdc
/AIS_78.HTM#Secl
Morocco 2004 Cattle 3 6* Promed, archive numbe
20061214.3513
Tunisia 03/09/2006 Cattle 3 6 OIE Disease Information, 28 De
(AgELISA) 2006, Vol 19- No. 52

http://www.oie.int/eng/info/hebdc
/A_CURRENT.HTM#Sed
Algeria 19/07/2006 Cattle 3 6* OIE Disease Information Vol. 1!
(RT-PCR) No. 51
http://mww.oie.int/eng/info/hebdc
/AIS_65.HTM#Secl11
Algeria Aug- Cattle 2 ? Madani personal communicatior
Sep/2008 (ELISA) Medreonet serological survey
66/849 cattle i 7.8%, CI
95%:6.2%9.9%
35/152 (23%) herds with at leas
1 positive animal

Bahrein approx 1985 cattle 3 6* Mellor personal communicatiol
1992 (cited in Rabenau et .
1993)

Oman 19871988 Cattle 2 2 Al-Busaidy and Mellor, 1991

and goats (AGID,SN) 6*
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Saudi Arabia 1991 Deer NK NK Abuelzein, et a).1992
Saudi Arabia 19992001 Arabian 2 NK Frolich et al, 2005
and the United oryx (AgELISA)

Arab Emirate

*Status of infection : (1) Disease suspected but not confirmed (2) Confirmed infection but no diseeak (3) Confirmed
clinical infection

NK: Not known

*Previously identified as EHD\318
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Figure 3: Location of the most recent EHD outbreaks (200®07) in countries bordering the
Mediterranean Basin.

Where no geographical details as district/province etcnat reported, the whole country has been indicated as affected.

4.3. EHD in North America

The epidemiological situation of EHD in North America has been tligesu of considerable
researchln wild ungulates, EHD is seasonal, occurring from-guidnmer throgh to late autumn, and
usually peaks in Septembeaflecting theseasonal patterns in vector abundance. The annual cycle of
EHD is more difficult to understand. In endemic areas, EHD appears to occur inta tiweeyear

cycle Couvillon et al.198). In epidemicsareasthe disease occurs along eightto tenyear cycle
(Nettles et al., 1992). These cycles cannot be explained at this time but probably relate to combined
effects of herd immunity and natural or weathmtuced fluctuations in vector polations.

Deer surviving infection with EHDV develop long lived neutralizing antibodies (Stallknecht, et al
1991) and the herd immunity conferred by neutralizing antibodies may be one epidemiologic factor
responsible for the spatial and temporal distitouin the Southeastern USA (Davidson and Doster
1997). Natural infection with multiple serotypes of BTV and EHDV has been demonstratédten

tailed deer survey in Texas by serum neutralization tests without evidence of haemorrhagic disease.
The absere of clinical signs in relation to antibody prevalence (overall 84%) could not be explained
by poor detection and several factors may contribute to the observed enzootic stability: innate host
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resistance, maternal antibody transfer, vector species coiopoaitd seasonality (Stalknecht et al.
1996). Similar findings of serologic detection of EHRY 2 and BTW10 and 11 were reported in
Mule deer and Proghorn antelope in Arizona (Dubay et28D6, 2006) and in sentinel cattle in

Texas (Fulton et al 1989). A field sample that was retane RT-PCR positive for both BTV and

EHDV has also been reported (Wilson et al., 2081#)there are no reports ofassortment between

BTV and EHDV.

A phylogenetic analysis of the EHD¥ strains based on samples cobecthroughout the eastern
United States over three decades revealed that closely related genotypes were widely distributed in
space and time (Murphy et.aP005). Additional analysis of these data indicated that in outbreaks
within the same year, genetand spatial distances are positively correlated and that the virus is
evolving at a rate similar to that seen in other vebtone RNA viruses (Biek 2007). The fact that
evidence for a demographic expansion of the virus was not apparent from the gateetogiests

that EHD\W-2 dynamics are limited by factors other than deer host density. The abundance of
competent vectors, for example, may have a much more pronounced effect on virus population sizes
(Biek 2007). In addition, phylogenetic analysis of theer capsid serotygspecific protein from US

field strains of EHDV2 indicated regionalized genetic types, suggesting limited movement of virus
populations across the U.S.

Historically only EHD\+1 and-2 have been reported in North America. In 2006, & E®DV-1 or -

2 virus was recovered from moribund or dead whaiked deer Qdocoileus virginianusin Indiana

and lllinois. This virus was later typed as EHB\Wy serological and genetic testing (Allison et al.,
2009). EHDV6 was originally described dm Australia and is an emerging pathogen of cattle in
Morocco, Algeria and Turkey. Subsequently, additional isolations of EAIdm whitetailed deer

in Missouri in 2007; Kansas and Texas in 2008 (Allison et al., 2009), and Missouri and Michigan in
2009 (Stallknecht- personal communication), suggesting that the virus has overwintered and may be
endemic in a geographically widespread region of the United States. How this newly identified virus
type has spread in the USA is difficult to determine. Itdsgible that the virus has been present for
some time since genetic characterization indicated that this virus is a reassortant. The serotype
specific outer capsid proteins genes (VP2 and VP5) are derived from an exotic-& i, while

the remaining gnes were genetically similar to indigenous EHBPVAIberta strain) (Allison et al.,
2009).

5. Monitoring and Control Measures

For EHD as for other viral infections countries might have to face two possible scenarios: they are
free of i nf e ctttd imroduce it it thelrdenriforty orwhaynhave the infection but they
dondét want it to spread and/ or they want to pro
Once establishedzHD, as a viral disease transmitted by vectors, may be diffioucontrol or

eradicate. Unpredicted and uncontrollable variables such as climatic and geographic factors as well as
abundance of suitable EHDV insect vectors are all important for the outcome and persistence (re
appearance) of EHDV in an area.

5.1. Diagnods

Early detection of EHDV infection is crucial for the implementation of amgnitoring or control
programme.EHD is an OIE listed disease since May 2008, and currently it is included into the
Manual of Diagnostic Test and Vaccines (2008 edition) togetitarBT, but no details are included

on specific diagnostic techniques for EHD.

Clinical diagnosis of EHD is inconclusive, as clinical signswild ruminants and cattle are
indistinguishable from those of BT, and they may be similar to signs foundhén oattle diseases
like bovine viral diarrhea/mucosal disease, infectious bovine rhinotracheitis, vesicular stomatitis,
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malignant catarrhal fever and bovine ephemeral fever. Definitive diagnostic of EHD or EHDV
infection requires the use of specific |lahimry tests.

EHDV can be recovered from blood or tissues including spleen and lung of infected animals by
inoculation into cell culture (Vero, BHK, or insect cell lines e.g. C6/36), embryonated hens eggs or in
susceptible hosts (Aradaib et al., 1994b)e Herotypespecific identification of the virus is usually

based on serum neutralization and plaque inhibition test using known reference antisera (Pearson et
al., 1992, Stott et al., 1978). Virus isolation procedures, although time consuming, stillnremai
important for recovery of infectious virus and for understanding the biology, transmission, ecology,
genetic diversity and molecular epidemiology of the disease.

In recent years efforts have been directed towards development of molecular techniqties like
reverse transcriptase polymerase chain reactioAR8R) (Wilson et a).1992; Aradaib et al., 1984

, Wilson et al. 200%) or nucleic acid hybridization (Nel and Hwman, 1990; Wilson et al., 1992,
Wilson et al., 1990). Use of RPCR has proliferate because of its simplicity, rapidity, reliability,
reproducibility, sensitivity and specificity. However, as for other viruses, there are major limitations
when attempting to relate RFCR positivity and infectious status, if virus isolation is not atteohp

The RT-PCR technique detects viral RNA with a very high level of sensitivity but it is not possible to
determine with the test whether the sample contains infectious virus or not. The duration of EHDV
positivity by RT-PCR in blood is largely unknowrubthere is evidence that it lasts longer than the
period over which infectious virus can be isolated (Aradaib et1894). Information about
published techniques is included in Tabl&sand14. A real time PCR kit for EHDV detection and
identificationof all its serotypes has recently been made commercially avdilable

A sandwich ELISA has been developed for detection of EHDV in tissue culture and infected
Culicoides(Thevasagayam et al., 1996) using polyclonal antibodies raised in two differentsspecie
This technique showed a detection threshold of 102.6TCID50/ml. No-igasson was observed

with BTV or other orbiviruses like Palyam virus, AHSV, or Tilligery virus. Also, a capture ELISA
has been developed for detection of VP7 of EHDV in cell calsupernatant, with the aid of a rabbit
polyclonal and a mouse monoclonal antibody (Mecham and Wilson, 2004). None of these techniques
are commercially available.

Table 13: Summary of the grouppecific gelbased and real time RAFCR assays developed for
EHDV detetion

Genome  RealTime/Gel Analytical Limit of References Annotations
target based Specificity detection
Segment 10 Real time No cross reactiol ------ Wilson et al., 2009 TagMan.
with 24 BTV 7 primer sets and
serotype probes

reference strains
Segment 6  Nested; gel No cross reactiol 0.1 fg of Aradaib et al., Tested with EHDV1

based with North viral RNA 2003 and 2

American BTV
strains
(2,10,11,13,17)

Segment3  Gel based No cross reactiol Harding et al
with North 1996
American BTV

Segment3 Gelbsed - @ - Ohashi et al., 199¢ Tested with

EHDV-1,2,7,8,9, 10

*EHDV-Kit TaqVetE Epizootic Hemorrhagic DisemeRCRYirus, for
www.Isivet.com.
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Segment 10 Gelbased — ----- 1 pg RNA Aradaib et al., Sensitivity increases t
1998 10 fg with a
chemiluminescent
step
Segment 6  Capture nested No cross reactiol ------ Wilson, 1994 Used also on semen
gel based with BTV amrd
AHSYV strains
Segment 6 o Conventional Aradaib et al. Nested PCR
BTV and gel based 2003 Tested with EHDV1
EHDV and 2 and BTV (2
Multiplex 10,11,13,17)
PCR
Segment € Real Time No cross reactiol Wilson et al, TagMan
and 10 of based observed with 2¢ 200 Tested with EHDV ¢
EHDV reference strain serotypes
Multiplex of BTV Differentiate BTV anc
RT-PCR EHDV infection

Table 14: Summary of the serotypspecific RFPCR assays developed for EHDV detection

Genome  RealTime/Gel No cross Limit of References Annotations
target based reaction detection
observed
Segment 2 o Gel based Tested for 0.1fg Aradaib et al With
EHDV-1 EHDV-2and all 1995 chemiluminescence
North American hybridization
BTV serotypes
(2,10,11,13,17)
Segment 2 of Gel based Tested for 0.1fg Aradaib et al With
EHDV-2 EHDV-land all 199% chemiluminescence
North  American hybridization
BTV serotypes

(2,10,11,13,17)

The serological techniques applied for diagnosis of EHDV infection include thegelgar
immunodiffusion(AGID) test (Aradaib et al1994b), thecomplement fixation test (CFTPearson et

al., 199%), and the enzymbnked immunosorbent assay (ELISA). This latter technique has been
found to be more sensitive than earlier serological tests (Moteal and Mellor, 1990). Competitive
ELISA (cELISA) techniques making use of monoclonal antibodies against EHDV VP7 have been
used for the detection of EHDV serogroup specific antibodies (Luo and Sabara, 2005, Mecham and
Wilson, 2004, Mecham and Jochim, BQ0and currently are the preferred technique. Reports on the
validation of these tests are not availabHELESA can also be used to detect specific atibs to
EHDV-1 and 2 serotypesSerum neutralisation however is still the test of choice for typimg)
guantifying EHDV antibodies. More detailed information on published ELISA techniques is shown in
Table B. None of these ELISA techniques are currently available commercially.

Table 15: Summary of the ELISA developed for EHDV serological diagnosis.

ELISA Antigen Monoclonal Notes Specificity Sensitivity References
antibody (Sp) (Se)
Competitive VP7 VP7 MAb Tested with =----- e Luo and Sabare
recombinant 18B2 EHDV-1 and 2005

BTV (serotype
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unknown)
Capture VP7 VP7 MAb Tested with: e Mecham anc
recombinant 4F4.H1 EHDV-1, Wilson, 2004

EHDV-2. Does
not cross reac

with BTV
antibodies
Blocking Purified VP7 MAb Tested with: ==---- - Mecham anc
and EHDV-1 and 4F4.H1 EHDV-1, Jochim, 2000
competitive EHDV-2 EHDV-2, and
field samples
Competitive Purified VP7 MAb Tested with: 95.1%* 90.0%* Afshar et al., 1997
EHDV-1 C.31 EHDV-1,
EHDV-2, and
field samples
Competitive Purified =~ -—---- Tested with: e Thevasagayam ¢
EHDV-1 EHDV, AHS and al., 1995
BTV
Competitive Purified Ig G1 bovine Tesed with: 99.3%* 91.5%* Afshar et al., 1992
EHDV MAb EHDV-1-4 and
field sera

* Sp and Se are relative to the AGID test. It should be noted that AGID is not a highly specific test and so the relative
sensitivity and specificity of the other tests might be biased.

5.2. Monitoring and control measures in endemic zones

In most endemic zones in the world there is no official surveillance or control programme for EHDV.
This is explained by the fact that the infection rarely has a significant economic impact on the cattle
indudry (beef or dairy), and no clinical signs of EHDV have ever been reported in sheep or goats.
However, in some countries the disease can apparently have a great impact on captive (farmed) deer
as well as wild deer or cattl;n USA, EHDV surveillance in vid species has been supported since
1980 through cooperative agreements with the Seasitern Cooperative Wildlife Disease Study
(SCWDS) at the University of Georgia. The SCWDS provides annual nationwide data on the
occurrence of Orbivirus haemorrhagic  selase in wild ruminants
(http://www.usaha.org/committees/btbr/btbr.shtmlthrough  submitted samples for testing.
Surveillance programmes are directed to monitor the circulation of the diftei#DV serotypes and
disease activity. A combination of surveillance methods may be applied depending on the purpose and
the relevance of thanfection on the different areaBassive surveillance on clinical cases of EHD in
susceptible wild ruminants is @seful tool for detecting disease, based on lesions of haemorrhagic
disease combined with viral detection techniques (virus isolation andP@R). The main
disadvantages of EHD passive surveillance are that it does not allow detecting subclinicahinfectio
and that in general, disease in wildlife is often urd@orted (Beringer et al., 2000). Cresesctional
serological studies allow identifying infection, which may be important in species in which infections
result in mild clinical signs or are subdlial. An EHDV-specific serological technique needs to be
used, especially in areas where other ruminant orbiviruses (like BTV) are present (Stallneck and
Howerth, 2004).

In countries inthe Mediterranean Basin like Morocco, Algeria ,Tunisia, Turkey amelisthe control
measures undertaken to tackle the recent EHDV incursions have included control of wildlife
reservoirs, quarantine, vector control of infected premises/establishment(s), and awareness campaign
for veterinarians and farmerReinforced surgillance for detection of clinical signs of the disease is

in place. To date, there are no detailed studies on the effect of control measures applied in these
countries, where the disease has mainly affected cattle.
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5.3. Vaccination

As an effort to control thelisease, vaccines have been developed in USA through support of the
National Deer Farmers Association for captive wildlife deer farmers and in Japan for use in cattle.
Apart from these two limited settings, there was only a minor interest from laborandesccine

companies elsewhere to develop vaccines in order to control the disease and/or the virus circulation.

Autogenous inactivated vaccines have been prepared in North America from EHDV isolates
originated from ill or dead animals in affected pregsislts use is limited to the original and adjacent
affected herds. Prior to release, these vaccine
need to be tested for efficacy. Application has to be approved by the USDA. Most of the applications

are by deer farmers. The Missouri Whigdl Breeders and Hunting Ranch Association (MWBHRA)
sponsors the use of the EHD/BT autogenous vaccine. The most common $ootains killed

viruses of EHDV types and2 and BTV type 17. Its use is allowed hetMissouri deer farms. The

vaccine can be administered subcutaneously or intramuscularly any time by dart or syringe. A booster
dose 24 weeks following the first injection and a yearly shot are required.

In Japan, bothlive modified and inactivated veimes have been developed to control Ibaraki disease.
The live attenuated vaccine derives from the IbaPakitrain and has been used following the
oubreaks in 1980s. The vaccine has to be administered once subcutaneously during the low vector
season. A Nional surveillance and intensive monitoring of yearlings as sentinel cattle in place for a
number of years showed no evidence of Ibaraki disease nor seroconversion until 1997, when new
cases of the disease were observed (Ohashi, €1980). It is worthvile to point out that the 1997
outbreak was characterized by abortion and stillbirths, clinical signs never observed in the previous
outbreaks. The inactivated vaccine includes bovine ephemeral fever and Ibaraki viruses grown in cell
cultures and inactitad by formalin, as an aluminiugel adjuvant vaccine. Both vaccines are used on

a voluntary basis according to the epidemiological situation.

5.4. Vector control

The methods used to contrGulicoidesworldwide have been fully reviewed as part of previous
EFSA reports on bluetongue (EFSA 2@)2008&). In addition, Carpenter et.gR008 review the
control techniques faCulicoidesbiting midges in use in Europe and elsewhere and cover:

i) Application of insecticides and pathogens to vector breeding sites.

i) Environmental interventions to remove vector breeding sites.

iii) Application of insecticides to adult vector resting sites including to host animals.
iv) Screening of animal housing to prevent entry of adult vectors.

V) Use of repellents to repel adukctors from host animals.

Vi) Use of kairomones to lure adult vectors away from host animals and kill them.

However, for the major vectors of BTV and EHDV in Euroge ¢bsoletugroup, C. dewulfi, C.
chiopterus C. pulicarisgroup) there is apparentcant data on breeding habitats, resting behaviour
and hoswrientated responses. However, data extrapolated from vector control campaigns elsewhere
indicate that the treatment of livestock and animal housing with synthetic pyrethroids, the use of
midgeproofed animal housing and the promotion of good farm hygiene to partially or wholly remove
vector breeding sites are the best options currently available.

5.5. EU import regulation

Directive 2004/68/EC, lays down the animal health requirements for the imporiatd and transit
through the community of live ungulates. The third countries allowed importing into the Community

6 Manufactured by the Newport Laboratories, Worthington, MN, USA
" Both types of vaccine have been produced by the Kyoto Biken Labordturies
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certain live ungulate animals and their fresh meat are according @otheeil Decision/9/542/EEC,
Annex |: Canada (Whole country, extdpe Okanagan valley of British Columbia), Switzerland,
Chile, Greenland, Croatia, Iceland, New Zealand, St. Pierre et Miquelon. Also, MontelR€go,
Macedonia and Serbia are listed but only for transit of live ungulates from a EU Member State to
another

During their transport to the European Community, the animals shall not be unloaded in the territory
of a country or part of a country that is not approved for imports into the Community of these animals.
For part of Canada (Okanagan valley of Britisnubabia), additional guarantees regarding &1d

EHD diagnostic tests are required in the veterinary certificate.

The imported animals are accompanied by veterinary certification issued by the official veterinarians
of the exporting third country and theimals are inspected at an approved EU Border Inspection Post
(BIP). Concerning EHD, the relevant information can be found in Council Decision 79/542/EEC. The
veterinary certificate includes the following:

e The country of origin is free from EHD for thestal2 months

¢ Vaccination is not performed (the import of domestic clelienfed animals vaccinated
against EHD is not permitted)

e Remaining in that territory at least 6 months for animals for breeding and 3 months for
animals for slaughter before dispatohEC

e Without contact with imported clovemoofed animals at least 30 days

e The animals have remained since birth or at least 40 days before dispatch in the holding free
from official prohibition on health grounds

e In and around the territory where the raals remaining before dispatch 40 days, there has
been no case/ outbreak of bluetongue and EHD, during the previous 60 days

e Animals are not to be killed under a national programme for the eradication of diseases, nor
have they been vaccinated againstdisease

e Animals have reacted negatively to a serological test for detection of antibody to BTV and
EHDV, carried out two occasions on samples of blood taken at the beginning of the isolation/
guarantine period and at | eanadtoRl8édagbcdanepr
second of which must have been taken within 10 days of export (only for Okanagan valley ,
British Columbia, Canada).

e The animals have to be examined within 24 hours of loading by the official veterinarian and
showed no clinical signfalisease at the time of examination.

In addition, special quarantine conditions have been laid down for the importation of camelids from St
Pierreet Miquelon.

5.6. Monitoring and control measures applicable for EHD

EHD of deer is a compulsory notifiable diseaaccording to Annex | of Council Directive
92/119/EEC. This Directive applies to the listed diseases with the exception of those for which,
subsequently, specific provision has been made at Community level, as for example, BT . Its aim is to
lay down gepral measures to prevent the spread of certain animal diseases of major economic
importance, and in particular to control the movements of animals and products liable to spread the
infection. General control measures, applicable to all the listed disaasesex |, are also included.

No EHDV outbreaks in EU have been ever reported with the exception of French Reunion outbreaks
in 2003 and 2009. Only one limited serological survey was carried out in Germany in wild species
(Frolich et al, 2005) with negate results. Whether or not EHDV is present in Europe causing
subclinical infection is unknown.
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In case of an outbreak, the use of a reliable diagnostic test (el@CRY should allow to identify
viraemic animals in the herd, and these should be slaeghtar culled. Immediate insecticide
treatment to destroy possibulicoidesvectors which could have fed on the infected host should be
performed. Animals in the affected farm should again be retested af@rd@ys, to detect other
possible infected amals which were nowiraemic at the first test carried out in theemises(the
incubation period of the diseasms been reported to Balays Abdy et al., 1997 Movement
restrictions of susceptible species (with a radius adapted to the geographieatoingical and
epidemiologicalsituation) should be established until an epidemiological investigation has been
performed.

An immediate epidemiological investigation should be carried out for understanding of the situation,
including:

The extent of EHD ifection and diseasén space, and potentially also in timéased on reliable
diagnostic test(s)

The likely source or method of initial introduction.

The stage of the epidemic (whether this is the index case or not),

The presence of susceptible spe¢dEsnestic, wild animals) in the locality

The vector situation (which species, potential/known competence).

The epidemiological investigation in the surrounding farms (with a radius adapted to the geographical
meteorological and epidemiological situatiom)ll allow to determine the stage of the incident
(whether this is the index case or not), and if there was extension of the infections to other farms.
Positive RFPCR and negative serological results are indicative of recent infection. Presence of
potental vectors in the area should be investigated by trappir@ub€oidesin the farms. If more
infected herds are identified the approach will depend on the epidemiological situation, the use of
culling slaughter or not will depend on the number of infebterdls.

Traceforward and tracéack activities (in cases where animal movement has played a role in spread
of infection), to determine the origin of infected animals, and whether there is an explanation, other
than vectors, for introduction of infectioh@uld be done; as well as a qualitative risk assessment of
the risk of future spread (based on animal movements, vector activity etc). tiskhef new
introductions doegxist, a longterm surveillance should be in place irdihg monitoring ruminant
hostsand insect vectors.
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6. Risk assessment

6.1. Scope of the RA

The scope of the risk assessment was to estimat
within the EU considering epidemiology, vectors,

The assessmefollowed the methodology proposed by the OIE for import risk analysis (OIE 2004).

The Hazard is: Epizootic hemorrhagic disease virus (EHDV), the causal agent of EHD. Family
Reoviridae, genus Orbivirus, EHDV serotypes 1 to 7.

Wind Commodities Transit Transboundary Illegal Legal
movements

Vectors

Animals

Figure 4: Pathways of introductioaf EHDV

The risk assessment addressed separately the two main possible pathways of EHDV entrance to EU
(Figure 4)

e via live animals (legal, illegal and trabsundary movement) and

e Via vectors by wind or carried by commodities (animals , plants, etc.).
Other possible pathways considered were the entrance via germplasm and contaminated vaccines
The risk questions addressed by the risk assessment were:

For each of the two main pathways what is the likelihood of EHDV entrance to EU?
i) Probability of impating or entrance of infectious animal.
i) Probability of entrance of infectious vector

After the entrance of EHDV in EU what is the possibility of its spread within the considered EU area
for each of the two main pathways.

The risk assessment methodptadeveloped allows also for the evaluation of the impact on disease
spread of possible control measures such as, removal of infectious animals, control of movements
/importations and reduction of vector numbers.

EFSA Journal 2009; 7(12)418 33



“ efsam

Epizootic Haemorrhagic Disee

6.2. Risk of EHDV introduction via i nfectiousanimals

EHDV could only be introduced into EU by animals that are in the incubation period or viraemic at
the time of introduction. This event will occur only if all the following conditions take place:

1- the imported animal is coming from an infected ambareCulicoidesspecies are active and
2- the imported animal is infected before its movement and
3- the imported animal is still in incubation period or infectious at time of its movement

The first conditiondepends on probability of freedoifi’s), herce, on the credibility of the
surveillance and reporting system of the exporting country and the evidence given to demonstrate the
freedom from EHDV.

The subsequent conditions depend on the number of days post infection at time of movement and the
durationof the viraemia for the concerned animal. For an infected animal, to be in incubation or
infectious at time of movement it is necessary that the number of days post infection at the time of
movement are less than the days of duration of viraemia. Sitlc@bthese parameters are variable,

the probability distributions of the number of days post infection at time of movement and viraemia
duration wereestimated

The probability of introduction when quarantine is applied will depend on the duratiomm@ingne

and whether the imported animal is still in incubation period or infectious at time of its arrival to an
EU. If a test is conducted before the animal entrance to an EU MS the sensitivity of the test will also
affect the probability of entrance.

The distribution of viraemia duration was estimated using daten fi@ables 5 and 6 (cattle
experimental and natural infection): logNormal distribution (with mean of 1.556 and standard
deviation of 0.931) fit well the obserd data (Figure 5), using maximurikelihood criteria.
Approximately 80% of the animals have viraemia duration of feas 10 daysData from white

tailed deer showed a slightly longer viraemia duration.
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Figure 5: Probability distribution of viraemia duration

(pdf: probability density function,df: cumulative distribution function)
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Infections were assumedot to occurbetween wo epidemic seasonBence maximum age of
considered infections will be 365 days.

The probability of beinginfectious at the time of movement was calculatagsing the model
developed for BTV (EFSA 2008). Day of movement and day of infection are random and depend on
the specific region of origin, the epidemiological situation,,dtchandle tle variability different
scenarios were considered regarding the seasonal infquibern and the distribution of animal
movement during time.

For the seasonal/temporal infection pattern, three scenarios were con§iigues 6)

e Scenario i uniform distribution of infection occurrence from day 1 to day 365,

e Scenario it logNormaldistribution considering seasonal peak after 30 days of the beginning
of Culicoidesseasonal activity and a spread corresponding to standard deviation equal to 0.5
and

e Scenario iii. logNormal distribution considering seasonal peak after 30 days of timnimep
of Culicoidesseasonal activity and a spread corresponding to standard deviation equal to 0.9.

0.9

0.8

0.7 -

0.6
scenario ii

0.5

scenario iii

0.4 -
scenario i

0.3

0.2

probability density function

|—9—— I I I I T T T 1

-35 15 65 115 165 215 265 315 365
Days

Figure 6: Scenarios used for EHDV infection pattern

Day 0 correspond to the beginning of EHDV transmission season.
(pdf: probability density function)

For thedistribution of animal movemetiireescenariosvere considered

¢ Neutral scenariouniform from 1 to 365 day ,

¢ Worst case scenariotriangular surrounidg the peakof infection (min=15, mode=30,
max=45

e Optimistic scenario where animals are moved after theak of infection (triangular with
min=90, mode=120 and max=150 )
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When data on the reliability of freedom and prevalence is available, the likelihood of introducing a
viraemic animal from an endemic region into EU MS could be assessed by integrabrigltbeing
steps:

Step 1: No
Presence of EHD inthe ——> No Risk
exporting country
1- Probability of
freedom > Yesd:
1-F No
Step 2: — No Risk
Exporting infected animal
Prevalence of
infected animal Yesw
p Step 3: No
Animal is in incubation or |—y No Risk
infectious at time of
movement without quarantinge
Probability from
table 18 --> Yes _Step 4 No
Pwo Anlmgl is in incubation of No Risk
infectious at the end of the
Probability from quarantine
table 19 > Yes W
Piaq No
Step 5: —> No Risk
Test false negative
1 ¢ Test Sensitivity
(1-Se) Yesy
End of Release assessment
—>1 Probability of introducing
infectious animal

Figure 7: Release assessment

Pe: Probability of Freedom

p: Annual prevalence in the country of origin

Pwo: Probability of being infectious without quarantine
Piag: Probability of being infectious with quarantine

6.2.1. Release/entry assessment of gdtiousanimals

6.2.1.1. lllegal import of live animals

A possible route of introduction of EHDV into previously free areas is the illegal import of animals.
Estimating the importance of illegal transport (smuggling) is a very difficult task due to lack of
reliableobservations. The probability of an infected animal being in incubation or viraemic at time of
movement was estimated for 9 different scengfliable B) according to

(1-Pr) X p X Bwo

Probability of freedom is unknown and so we assumed the wasgscenarioP-=0, prevalence was
assumed tde 1%as a practical example (p=1), higher prevalence assumption will worst the risk
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estimation (data not showrj.illegal movement of wild animal is considerdite estimatedisk may
be higher due to longer viraga duration

Table 16: Probability of an infected animal being in incubation or viraemic at time of movement
come from an area that satisfies PF=0 and p=1%

Animal Movement

Uniform(1,365) Triangular (15,30,45) Triangular (90,120,19%)
EHD infection (Neutral) (Worst) (Optimistic)
Uniform (1,365) (i) 3.9% 3.9% 3.9%
LogNormal(3.4,0.5ii) 2.3% 33.7% 0.3%
LogNormal(3.4,0.9]iii) 2.3% 24.2% 1.2%

Day 0 correspond to the beginning of EHDV transmission season.

6.2.1.2. Legal import of live animals

The rules for import of livenimals are established by Community legislation. Import of live animals
from third countries is only allowed from the countries listed in Annex | of the Dir 79/542. None of
the countries included in Annex | reported any case of EHDV infection.

The numberof ovine and bovines imported into EU MS is detailed in Appendix B tables. No wild
cervids have been imported

If a quarantine of 40 day&CD/79/542)and exclusion diagnostic applied, the probability of an
infected animal being in incubation or viraienat time of arrival to an EU M$&an becalculated as
follows:

(1—PF) Xp X RAQ

Probability of freedom depends on the country of origin iandvasassumedo beP-=0, prevalence
was assumed tbe 1% (higher prevalence would probably be reported andortation would be
interrupted. The probabilityof introductiondecreases in comparison with gk pathway (Table 17)

Table 17: Probability of an infected animal being in incubation or viraemic at time of arrival to an
EU after a quarantine of 40 days come framarea that satisfies PF=0 and p=1%

Animal Movement

Uniform(1,365) Triangular (15,30,45) Triangular (90,120,150)
EHD infection (Neutral) (Worst) (Optimistic)
Uniform (1,365) (i) 0.124% 0.124% 0.124%
LogNormal(3.4,0.5Jii) 0.073% 0.608% 0.032%
LogNormal(3.4,0.9Yiii) 0.057% 0.456% 0.049%

Day 0 correspond to the beginning of EHDV transmission season.

When testing is conducted before the animal entrance to an EU MS, it was assumed that the
probability of an infectious animal to be positive at theingsis 99%. Similarly to BTV such high
sensitivity could be reached by a serological test applied to paired serum samples with an interval of
28 days.

(1-Pr) X p X Bag X (1-Se)
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Table 18: Expected number of an infected animal being in incubation or viraemimatofi arrival
to an EU MS after quarantine of 40 days and testing.

Animal Movement

Uniform(1,365) Triangular (15,30,45) Triangular (90,120,150)
EHD infection (Neutral) (Worst) (Optimistic)
Uniform (1,365) (i) 0.12* 0.12 0.12
LogNormal(3.4,0.5Jii) 0.07 0.61 0.03
LogNormal(3.4,0.9]iii) 0.06 0.46 0.05

Day 0 correspond to the beginning of EHDV transmission season.
*Number of animals per million of animals imported

From all countries allowed to export live animals into Europe, EHD has been repolyeth on
Canada, and imports into EU are not allowed from the area within Canada where outbreaks were
observed (British Columbia).

Taking in consideration the results presente@dble 18 and the low number of cattle imported into
EU MS (Appendix B), the sk can be considered negligible.

6.2.1.3. Transit of captive wild animals

Registration of movements of captive wild ruminants in TRACES is compulsory but not for those
animals in transit or exchanged without payment and therefore the information found in TRACES
does not allow to trace back all captive wild animals. Estimating the importance of this pathway of
introduction is a difficult task.

It is possible that these animals have origin in areas of high prevalence of EHDV. The approach used
for illegal movementould give an indication on the likelihood of introducti@able16).

6.2.1.4. Transboundary movement of wild animals

The model previously described was not used for this pathway. As at the moment data on ecology of
wild ruminants and EHDV prevalence in this aalmin affected EU neighbour countries are not
available the assessment of the risk was not made. Furthermore it is likely that in this case the most
likely route of introduction would be through infectious vectors.

6.2.2. Exposure assessment

This step estimatdbe probability that a susceptible host is exposed to EHDV once the virus has been
introduced within Europe. Biological factors such as the presence of vectors and its activity, the
availability of hosts and the viraemia duration should be considered.

Considering that competent vectors, susceptible host species and suitable climatic conditions are
available, if entrance of infectious animals occurs, exposure is likely to occur.

6.2.3. Conseguence assessment

The scope is to assess the possibility of EHDV toapmithin EU. The assessment was conducted
by calculating the expected number of newly infectious animals per imported drienatodel used
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was adapted from the one described in Gubbins et2@07 and used in Blue Tongue EFSA
assessmerfEFSA 2008). In this assessment only cattle was considerggoésntialhost.

When an infectious animal is introduced into one geographic area, the risk of EHDV transmission to
the secondary animals depends on:

viraemia duration (d)

the number of vector per animal(m)

the number of bites per animal and per daya) (function of T)

the probability that infection is transmitted from an infectious animal to a susceptible vector
per bite (by,)

the extrinsic incubation period (3) (function of T)

the survival of vector individuals (1f+ = () (function of )

the probability that infection is transmitted from an infectious vector to a susceptible animal
per bifte (Db

The expected number of secondary infected ani@iti¢s introduction ofone infectious animais
estimated bythe equationbelow. Please note that the modelled number of infections refers to
secondary infected animals of one infected host animal (e.g. the introduced animal).

E(i,) =dxaxmxg,, xe™*" x B '
u

The formula can be understood as follows: An infected animal renvdiectious for (d) days after its
entry to an EU MS, during which time it is bitten by susceptible vectors on average a*m times per
day, a proportioshv, of which results in an infected vector. Out of this infected vectors, on average
expfurv) (assuminga constant death rate) will likely survive for the extrinsic incubation petiptb(
become an infectious vector. The infectious vector will bite on average @ dusteptible hosts
before dying, a proportiopivh, of which will result a infected hdarnimal.

The hiting rate (a); the vector mortality ratg)(and the extrinsic incubation period) (vere modelled
temperature dependent. Figurst®ws how the three main inputs vary according to the temperature.
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Figure 8: Temperature dependency exktrinsic incubabtn period(EIP: v), biting rate (a), vector
mortality rate (1), the latter is expressed here as the probability to survive the external incubation
periodv: expf pu*v).
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Estimates for each of the parameters influencing the transmission model were obtamed f
published literatte (Table 19). Vectospecific parameters with the exception of ElBre taken
from BTV studies. The mortality excess due to EHDV infection of vectors was not considered

Table 19: Parameters used to assess the expected number of newlednésttmals from one
infectious introduced animal (adapted from Gubbins ¢2@07).

Parameters Values range or formula Reference

Probability of transmission fror 1 O6Connell, 2002
vector to susceptible animal p
bite) ( (b

Probability of transmisen from 0.01 Gerry et al., 2001

ani mal to vgot

Biting rate, number of bite pe¢ depends on temperature 0.0002*T*(T Birley and Boorman 1982

vector per day (a) 3.7)*(41.9T)1/2.7)(Mullens et al., Mullens et al., 1995Bravermanet
(2004) al., 1985 and Mullens et al., 2004

Vector density, number of vecto 100 to 2000 Mullens et al., (2004)

per animal (m)
Viraemia duration in days (d) Distribution from the release outp Gibbs et Lawma (1977) Gard e

modelfFigure 6) Melville (1992)Akdy et al., 1997
Extrinsic incubation period i depends on temperatu Wittmann et al., 2002.
days ¢P 1/n=0.00058*T*(T-15.2)

Vector survi valdepends on temperature: m(T)=0.CBirley and Boorman, 198

daily mortality rat@ €@ 10 G ) exp(0.16T)(Gerryand Mullens2000) Bravermanet al.,1985; Gerry an
Mullens, 2000 and Wittmann et a
2002

Temperature in °C (T) 15t030 °C Plausible range for vector activity

In order to evaluate the effect of temperature, density of vectors and viraemia duration a uncertainty
analysis was perfared. Figure 9 shows how thexpected numbers of newly infected animals
(secondary casesjoin the introduced infectious animal vary depending with the temperature, the
vector density (m) and the viraemia duration after arrival (d).
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Figure 9: Expected number of secondary caggesxis) as a function of the temperatupe axis),
vector density (mand the viraemia duration (d).

The probability of having at least one eadary case was calculated from

P=1- e(- Expected number of primary cases)

The results are presented graphically in Appendix C.

6.2.4. Risk estimate

The final risk of introduction and spad per imported animal (R1) is assessed by multiplying the
probabilities in Table 16 (without quarantine) or 17 (with quarantine) by the probability of having at
least one primary case.

The overall riskassociated to the import of animals (i&)calculaed by:
RIA=1-(1-R1)™ (number of imported animals)

The risk associated with the import of 1 or 1000 animédiden P=1% and PF=0 if the scenariip®f
EHD infection (LogNormd (3.4,0.5) is combined withtwo different movement patterngworst
scenariolriangular (15,30,45)and optimistic: Triangular (90,120,150when vector densityis
m=2000wascalculated. The results are graphicaligsented ifigure 10.

When no quarantine/testing is applied the risk is below 1% if only one animal is importethdaut
to 100% when 1000 animals are moved at the worst movement /infection scenario.
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Figure 10: Risk estimate of introduction and spread of EHDV

Q1: EHD infection pattern LogNormal(3.4,0.5) combined with movement patterns Triangular (15,30,45) and quardmtine wit
testing

Q2: EHD infection pattern LogNormal(3.4,0.5) combined with movement patterns Triangular (90,120,150) and quarantine
with testing

WQ1: EHD infection pattern LogNormal(3.4,0.5) combined with movement patterns Triangular (15,30,45) without
guaranti® nor testing

WQ2: EHD infection pattern LogNormal(3.4,0.5) combined with movement patterns Triangular (90,120,150) and without
guarantine nor testing

NIA: number of imported animals
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6.3. Risk of EHDV introduction via infectious vectors
6.3.1. Release/entry assessmeaf infectious vectors

6.3.1.1. Wind

It is generally accepted that windborne spread of Bifécted vectors occurred across the
Mediterranean Sea from North Africa into Europe. The introduction of -BTahd BTV1 by
infectious vectors transported by wind was assd as highly probable in Spain (MAPA, 200Me

short distance which separates Southern Spain from North Africa together with the absence of
geographic barriers, and the presence of the Abrego wind, nfekestrance of windorne infected
vectors viathis route highly likely and unpreventable. The introduction of BTWto Sardinia from

North Africa (Algeria and Tunisiaaind onSardinia isalso considered to have occurred via wind
borne infected vectoCulicoides. EHDV is also transmitted by severgecies ofCulicoides The
geographical distribution of outbreaks in EU neighbour countries (fig 3) renders this possibility highly
likely. Transport of infected vectors by suitable wind conditions was also considered as a likely route
of introduction of EHDV in British Columbia (Sellers et 1991)

For longdistance wind dispersal process to be of epidemiological significance, the vector must be
infected at the source, survive the transport period and still be infectious at arrival. A direct
observatiorof vector movements in the field is very difficult but this pathway has been implicated in
known incursions of bluetongue into new territories in the absence of known animal movements
(EFSA 2007h however it is not possible at the moment to estimate th#ers of introduced vectors

by wind.

6.3.1.2. Vectors carried by commodities

Other possible routes of entry of EHDV in the EU could also be taken into consideratias done

for the BTV-8 epizootic in Europe in 2006EEESA 2007a The introduction of EHDMnfected

vectors along with horses or other Amminant animals entering the EU, or the introduction of
infected vectors associated to exotic plants dispatched to the EU from areas where EDHYV is endemic
could both pose a risk for introduction of the infectiatbithe EU. Although being possible routes,

its role in the introduction of ruminant orbiviruses in a free area has never been demonstrated; and it
is difficult to estimate.

6.3.2. Exposure assessment

To infect a susceptible host the vector must be infectédeasource and survive long enough after
landing to replicate the virus. In addition, it needs to find and bite a susceptible host, the probability
of which is influenced by the local habitat, the weather conditions, and the number of hosts at each
destindion.

6.3.3. Consequence assessment

The transmission potential of an infected vector to a susceptible animal is given by:

e a
ﬂVeCtOI’—)hOSt =e“"—xb
SN )

v = the extrinsic incubation period

K = vector mortality rate
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b = probability of transmission from vector to hos

Using the parameters in Tabl®, the transmission potential of an infected vector to susceptible
animal could be presented as a function of temperétigare 11)
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Figure 11: Transmission from vector to host

The entrance of a vector at temperature conditibesveen 27 and 38°C is associated with a
transmission potential higher than one. At temperature lower than 27 the probability of spread per
infected vector is low and the spread of EHDV will depend on the repetition of arrival of infected
vectors.

Once thesingle vector infects one susceptible host the risk of spread of infection could be obtained
from the spread model presented in sections 6.2.3.

6.4. Other possible routes of EHDV introduction

6.4.1. Via germplasm

There is only one experimental study trying to asslesstransmission of EHDV in semen. Sheep
inoculated with semen of EHDY, 5 and 7 viraemic bulls did not become infected (Gard et al 1989)
however it should be noted that sheep are not the most susceptible species for EHDV. The isolation of
bluetongue vus from semen has been reported (Howard et al 1985) although the presence of the
virus in semen appears to be a rare event (Mellvile et al 1996). Similarly to BTV it is possible that
EHDV is transmitted in semen during the viraemic phase but scientifdem®se is lacking. No
information is available fothe possible role of germplasm
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6.4.2. \Viavaccines

A case of EHDW318 contamination of a cell line has also been reported (Ratkenaly, 1993)
however application of good manufacturing practices by curretugers and appropriate controls
established by the European pharmacopeia should avoid this type of risk.
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CONCLUSIONS AND RECOMMENDATIONS

TOR 1: The significance of the presence, origin and occurrence of EHD in susceptible species
(specially livestock mimals) in the EU neighbour countries for a better understanding of the possible
evolution of the disease in the contextlod EU epidemiological situation.

The knowledge on EHDV and its taxonomy was reviewed and the following conclusions were made:
¢ Evidence indicates that there are seven EHDV serotypes.

e The classification on serotypes only reflects the neutralization characteristics and does not
necessarily reflect virulenceDifferences in virulence have been observed for different
isolates of the sanserotype. The basis of differences in EHDV virulence is not understood.

e BTV is the prototype virus of the Orbivirus genus, and in general, limited specific
information is available on the physicochemical properties of EHDV, being assumed to be
very similarto BTV.

It was recommended:

e Uniform, internationally accepted criteria for EHDV classification and a reviewed list of
reference strains and antisera should be established

The available information about host susceptibility to EHDV allowed the followonglasions:

e There is a considerable lack of information about the susceptibility to EHDV and the
epidemiological role of many domestic and wild ruminant species in this infection.

e EHDV causes disease in wild cervids, particularly wiaited deer ©Qdocoleus virginianus.
Serotypes associated with disease in white tailed deer are HHBYADV-2 and recently
EHDV-6.

e EHDV is also a disease of cattle (originally described as lbaraki disease); serotypes
associated to disease are EHRMVEHDV-6 and 7.

e Sheephave been shown to be susceptibl&DV bothin natural and experimental infection
without showing clinical signs.

e The role of goats as a host for EHDV is uncertain.
It was recommended:

e Detailed and conclusive studies need to be carried out on the shidicepo EHDV of small
domestic ruminant species (sheep, goat) and wild hosts in Europe in particular to serotypes
isolated in EU neighbour countries.

The following was concluded regarding immunity to EHDV and cpresection to serotypes and
serogroup

e Duration of viraemia in cattle and whiteiled deer may exceed 50 days.
e Like with BTV infection with a particular EHDV serotype confers protection against the

infection by homologous serotype. Duration of this protection is unknown but indirect field
evidences suggest it may last for life.
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e A partial crossprotection has been demonstrated between the North American serotypes
EHDV-1 and EHDV2. It is not known if this phenomenon also occurs between other
serotypes.

¢ No crossprotection exists between EHDANd BTV.

Regarding the significance of the disease, pathogenesis and transmission routes the following was
concluded:

e EHDV was initially recognised as a disease of whaiéed deer but clinical signs have been
observed also in cattle and other wild anchdstic ungulates

e In recent years serotypes of EHDV normally considered as non pathogenic fohaséle
been able to cause disease.

e The disease is characterized by high morbidity and mortality in wdileed deer while in
cattle populations, morbidityaries from 1 to 18% but mortality is usually low.

¢ Production losses associated with disease in cattle may be significant, especially in dairy
farms, in the form of lowered milk production.

e Oral and faecal shedding of EHEVhas been reportdalt theepideniologicd role of this
transmission route is probably insignificant.

e Transplacental transmission has been demonstrated for the 2HW&aki strain, but it has
not been observed with other EHDV strains.

e Unlike BTV no reports of EHDV isolation in semeave been found.
e There can be a considerable adverse welfare impact of EHDV on clinically affected animals.
Epidemiological relevant data were condensed in the following conclusions:

e Epizootic haemorrhagic disease is a vetimme viral disease, its didittion is consequently
limited to the presence distribution of compet€nticoidesvectors.

e There is a striking epidemiological similarity between the recent EHDV outbreaks occurring
in North Africa and West Asia, and the BTV outbreaks in that area bettheeend of the
nineties and early 2000s. During that period some BTV serotypes initially circulated in
Algeria, Tunisia, Turkey and Israel, and were able to cross the Mediterranean Sea and invade
Southern Europe through western, eastern and southeighocsrr

e Despite the similarities, there is a difference between the distributions of BT and EHD, the
reasons for the different distributions of these two viruses that have a similar host range and
are transmitted by similar species@ilicoideshave yet tde elucidated.

e In North American endemic areas for EHE2Y clinical disease appears to occur in white
tailed deer in a twato threeyear cycle.

e Differences in pathogenicity have been observed for different isolates of the same serotype.
Whether the reas is a variation in virulence, the susceptibility of the hosts and/or changes in
vectors capacities is unknown.

e The factors leading to emergence of EHBVh North America (previously exotic to that part
of the world), and of EHDWV in Israel (previouslyeported only in Australia) are unknown.
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The knowledge on the circulation of the different EHDV serotypes is scant in many parts of
the world, probably due to lack of active surveillance

Re-assortment of EHDV strains has been observed in the field

TOR 2: The possibility of EHD to spread to and within the EU and to persist considering
epidemiology, vectors, livestock and climatic conditions.

TOR 3:

Whenquarantine and testing for EHDV are in place the probability of importing an infectious
animal into a EU MS wasonsidered negligible.

The probability of introducing an infectious animal through illegal movement was considered
not negligible and could be high depending on the animal origin and season of movement.

The probability of introducing EHDV by an infectiswcaptive wild animal in transit was
considered not negligible and could be high depending on the animal origin and season of
movement.

Following EHDV introduction by an infectious animal the risk of exposing susceptible
animals during periods of vectottavity in EU MS was considered high.

The risk of introduction and spread could be considered negligible when quarantine /testing
are applied but without quarantine and testing it is moderate to high depending on the
temperature.

Based on recent experienegth BTV the risk of introduction of EHDV into the EU from
neighbouring countries by wind dispersal of vectors was rated as high

There is no information available regarding EHDV introduction via germplasm to allow for
risk estimation or to infer any valbnclusion.

The risk posed by contaminated vaccines for EHDV introduction was considered negligible
for EU authorized medicinal products.

Vector abundance and climatic conditions would be favourable to sustain EHDV circulation;
therefore, presence of EHDVh neighbouring countries poses a significant risk for
introduction and establishment of EHDV in EU.

The role played by different vectors in the spread of EHD and the means to control them.

EHDV, as BTV, is transmitted between its ruminant hostsgpecies ofCulicoidesbiting
midges. The data for EHDV and its vectors are much scantier than for BTV. Currently
inferences regarding vector capacities based on the knowledge from BTV can only be
tentative.

There is no scientific evidence to suggest thasquitoes have a role in the transmission of
EHDV.

The major vector of EHDV transmission in the African continent is prob@bliynicolg in
North AmericaC. sonorensignd in AustraliaC. brevitarsis In the Mediterranean BasfD.
imicolais likely to be the main vector.

In Europe several possible EHDV vectors are present including potential vectors €tich as
imicola and suspected vectors within the Pulicaris and Obsoletus complexes. Other species
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may also act as vectors for EHDV but their competencg eapacity has not been
investigated.

e Where investigations have been conducted the main vect&B\0have also been shown to
bevectors ofEHDV.

e The complete fAwintero cessation of vector aci
the climatic onditions of each country. In certain areas of Europe, the complete cessation of
C. imicolaand Obsoletus complex species for more than 2 months has been documented,
whereas very low level, activity of adults from the Obsoletus and Pulicaris complexes spec
has been detected in many other parts of Europe throughowiritex. These BTV vectors
are also possible vectood EHDV, therefore a SVFP definition may be difficult to achieve
instead a definition of vector low abundance season could be developed.

It was recommended:

e There is a need for experimental and other data on the precise spectrum of potential EHDV
vectors in Europe and the temperature requirements for virus transmission by them.

TOR 4: The possible measures to control and eradicate thasdigecluding surveillance, control of
vectors, availability of suitable vaccines and other elements.

The Availability of different diagnostic techniques was reviewed, with the following conclusions:

e Clinical diagnosis of EHD is inconclusive, as clinicars in wild ruminants and cattle are
indistinguishable from those of BT

e RT-PCR and €ELISA techniques have been developed which are able to distinguish between
infection with EHDV and other orbiviruses.

e RT-PCR detects viral RNA with a very high levelafalytical sensitivity and specificity, and
it is the technique of choice for detection of infection. However virus isolation may be needed
to assess if the sample contains infectiduss or not and for further characterization studies.

e The duration ofEHDV positivity by RT-PCR in blood is largely unknown but there is
evidence that it lasts longer than the period over which infectious virus can be isolated.

e RT-PCR techniques developed for EHDV diagnose are diverse in the gene segment detected
and the priners used.

e Competitive ELISA (CELISA) techniques making use of monoclonal antibodies against
EHDV VP7 are currently the preferred technique detection of EHDV serogroup specific
antibodies. At the moment none of these techniques are commerciallyobvaila

e AGID test lacks specificity and is not able to discriminate between BTV and EHDV
infections.

It was recommended:

e EHD should be considered in the differential diagnosis for cattle suffering from bluetongue
like disease

e Standardised reference stramsd sera are needed, for being used in the development and
harmonization of diagnostic techniques.
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There is a need to agree which of the-lRIR techniques available should be preferred at the
EU for EHDV detection.

There is an urgent need to standardisasitive and specific techniques (aBLdSA with
recombinant antigens and MoAbs) and to make them widely available.

Regardingavailable measures of surveillance and control the following was concluded

EHD of deer is a notifiable disease in 85 accorihg to Council directive 92/119/EEC.
Active surveillance programmes for EHDV infection are not in place in the EU and are
limited in EU neighbour countries.

Passive surveillance is complicated by the similarity of clinical signs withM®hitoring of
disease prevalence (active surveillance schemes) is difficult at present due to the non
availability of commercial serological diagnostic methods.

Vaccination programmes with inactivated, autogenous vaccines are claimed to be safe and
efficacious to controEHD, but scientific proof of that is not available.

Modified-life vaccines have been used in Japan against Ibaraki disease, but scientific proof of
that is not available.

As shown for BTV, vaccines may play a primary role for the control of EHDV should the
infection enter into the EU. However, at this time no inactivated EHD vaccines are
commercially available.

It was recommended:

A surveillance programme (active and passive) in high risk argiag sensitivadiagnostic
testsshould be established for gadetectionof disease introduction.

In case of an outbreak of EHD in the EU, key actions should include detection of infected
animals, epidemiological investigation, restriction of movements, and eventually, long term
surveillance. The surveillance shde done by serological testing if such tests are available.

If viraemic animals should be detected in a previously free area culling or slaughter of these
animals couldbe used as a control measure. In addition, mitigation measures on the
Culicoides vedor, as used for BTV control (e.g. insecticides and repellents, good farm
hygiene to remove vector breeding sites) could be also used for EHDV.
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