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Abstract – Arthropod-transmitted viruses (Arboviruses) are important causes of disease in humans and
animals, and it is proposed that climate change will increase the distribution and severity of arboviral
diseases. Orbiviruses are the cause of important and apparently emerging arboviral diseases of livestock,
including bluetongue virus (BTV), African horse sickness virus (AHSV), equine encephalosis virus (EEV),
and epizootic hemorrhagic disease virus (EHDV) that are all transmitted by haematophagous Culicoides
insects. Recent changes in the global distribution and nature of BTV infection have been especially
dramatic, with spread of multiple serotypes of the virus throughout extensive portions of Europe and
invasion of the south-eastern USA with previously exotic virus serotypes. Although climate change has been
incriminated in the emergence of BTV infection of ungulates, the precise role of anthropogenic factors and
the like is less certain. Similarly, although there have been somewhat less dramatic recent alterations in the
distribution of EHDV, AHSV, and EEV, it is not yet clear what the future holds in terms of these diseases,
nor of other potentially important but poorly characterized Orbiviruses such as Peruvian horse sickness
virus.
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1. INTRODUCTION TO THE ORBIVIRUSES

Viruses within the genus Orbivirus, family
Reoviridae, are characterized by icosahedral virions that include a genome of 10 distinct segments of linear double-stranded (ds) RNA
[33, 56, 63]. Orbiviruses are transmitted to animals primarily by arthropod vectors, which,
depending on the individual virus can be certain
species of Culicoides midges, mosquitoes,
black ﬂies, sandﬂies, or ticks. The global and
seasonal distribution of individual viruses coincides with that of their speciﬁc biological vector
and appropriate climatic conditions. Bluetongue
virus (BTV) and African horse sickness virus
(AHSV) are the most economically important
members of this genus, but several others are
potentially important, either regionally or globally, including Equine encephalosis virus
(EEV), Epizootic hemorrhagic disease virus
(EHDV), Palyam virus, and Peruvian horse
sickness virus (PHSV). With the notable exception of PHSV that is likely transmitted by mosquitoes, all of these viruses are transmitted by
adult females of certain species of haematophagous Culicoides midges. The marked genetic
and phenotypic diversity of BTV, AHSV,
EHDV and EEV is reﬂected by the multiple
serotypes that occur within each of these virus
species, which can complicate diagnostic and
vaccine strategies for their detection and prophylaxis [20, 48, 54, 84].
The recent emergence of multiple serotypes
of BTV into much of Europe and portions of
North America, the emergence of EEV and
EHDV and novel strains of BTV in Israel, and
the appearance of multiple serotypes of AHSV
in sub-Saharan Africa, has fuelled concerns
regarding the likely impact of climate change
on the potential emergence of these diseases
[5, 29, 30, 89]. This concern is consistent with
the premise that climate change will favour
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emergence of arthropod-transmitted diseases
because it will promote expansion of the range
of tropical insects and the agents they transmit
[34, 35, 53, 68, 74, 85]. However, the emergence or re-emergence of arthropod-transmitted
diseases in general, and those caused by Orbiviruses in particular, is likely to be a highly complex process driven by a wide variety of
potential factors [11, 58, 65, 66, 75, 91]. Indeed,
the recent spread of several arboviral diseases
appears to have resulted not so much from the
direct effects of climate change itself but from
anthropogenic and social factors, and/or the
movement (translocation) of virus-infected vectors or their hosts. The true role climate change
in causing the recent global expansion of the
range and distribution of BTV and other Orbiviruses, therefore, remains conjectural.
2. BLUETONGUE
2.1. History and background

Bluetongue (BT) is a non-contagious, insecttransmitted disease of ruminants, particularly
sheep and certain species of non-African wild
ruminants [57, 84]. The disease was ﬁrst
described in the Cape Colony of southern Africa
after merino sheep were introduced into the
region in the late 18th century, and was subsequently recognized in other parts of Africa,
Europe, the Middle East and Indian subcontinent, the Americas, and Asia. Twenty-four
(likely 25) serotypes of BTV are recognized
globally [43], and the virus has now been isolated on all continents except Antarctica. The
traditional global range of BTV has been considered to reside between latitudes of approximately 40–50° N and 35° S; thus the northern
limits previously were considered to be southern British Columbia in North America and
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Kazakhstan and Mongolia in Asia, and the
southern limits in Africa, Australia and South
America were, respectively, southern South
Africa, northern New South Wales, and northern
Argentina. The species of Culicoides insects that
serve as the principal vectors of the virus differ
between regions, as do the constellations of
BTV serotypes and genetic strains (topotypes)
that occur within each [55, 79].
BT is characterized by BTV-induced vascular injury that results in haemorrhage and ulceration of the mucous membranes in the upper
portion of the gastrointestinal tract; coronitis
and laminitis; facial and intermuscular oedema;
pleural and pericardial effusion; pulmonary
oedema; and necrosis of skeletal and cardiac
muscle [57, 77, 84]. BT was infrequently
described in cattle prior to emergence of BTV
serotype 8 in Europe, however sheep, cattle,
goats, camelids (llamas, alpacas), bison, yaks,
deer and even zoo carnivores such as Eurasian
lynx have all been affected during this ongoing
pandemic [21, 27, 50, 57, 59]. In addition to
causing clinical disease in domestic and wild
ungulates, BTV serotype 8 infections has
caused reproductive failure amongst pregnant
cattle and sheep and a high rate of vertical virus
transmission with teratogenic defects in congenitally infected calves [24, 87, 88].
BTV infection of ruminants results in prolonged, but not persistent cell associated viraemia [57]. Highly sensitive and speciﬁc
serological (competitive ELISA) and virus
detection (quantitative PCR) assays are now
widely available to conﬁrm the presence or
absence of BTV infection in animals [42]. Furthermore, infection with one BTV serotype confers long-term (likely life-long) immunity to the
homologous serotype. Thus, livestock can
safely be moved into BTV-free regions regardless of the status of the exporting region, but
only with stringent adherence to appropriate
testing and quarantine practices as prescribed
by the World Organisation for Animal Health
(OIE) [6].
2.2. Evolution of BTV

There is extensive genetic heterogeneity of
ﬁeld strains of BTV, and this genetic variation

is likely responsible for differences in the virulence and other biological properties of individual ﬁeld strains of the virus. This diversity
arises as a consequence of both genetic shift
and genetic drift, the latter as a result of reassortment of viral genes during mixed infections
of either the vertebrate or invertebrate hosts following infection with more than one virus serotype or strain [17]. Variation in the nucleotide
sequence of each of the 10 dsRNA segments
of the BTV genome occurs as a result of the
complex process of quasispecies evolution and
founder effect during alternating passage of
BTV in its ruminant and insect hosts [16]. Furthermore, negative (purifying) selection of individual BTV genes occurs over time following
the incursion of novel viruses into new regions,
creating genetically distinct region-speciﬁc
clusters (topotypes) of certain virus genes
[9, 15]. Genetic differences are responsible for
clearly documented differences in phenotypic
properties (such as virulence) of BTV strains,
even of the same serotype, and can complicate
the design and use of nucleic acid based virus
detection methods such as reverse transcriptase
polymerase chain reaction (RT-PCR) assays.
The genetic determinants of BTV virulence
remain uncharacterized, however, as do those
that presumably are responsible for, or associated with, emergence of the virus in new
regions and in novel vector species.
2.3. Global emergence of BTV

The global distribution and nature of BTV
infection has changed signiﬁcantly in recent
years, and climate change has been implicated
as a potential cause of this dramatic event, especially in Europe [29, 69, 70].
2.3.1. Europe

Until recently, only transient incursions of
single serotypes of BTV had occurred in Europe
but, since 1998, at least 8 different serotypes of
BTV have emerged and persisted in Europe
causing substantial economic losses through
mortality and reduced productivity of affected
animals, the requirement for mass vaccination
of susceptible livestock, and restrictions on the
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movement and trade of animals from affected
regions [86]. A current distribution map of
restriction zones for individual BTV serotypes
within Europe is available at http://ec.europa.eu/food/animal/diseases/controlmeasures/
bt_restrictedzones-map.jpg. Five BTV serotypes
(1, 2, 4, 9 and 16) initially invaded the Mediterranean basin by extension from adjacent regions
of either North Africa or the Middle East1.
Although these 5 serotypes have persisted in
extensive portions of the Mediterranean basin,
only BTV serotype 1 has since spread to northern
Europe. Subsequent to the spread of BTV serotypes 1, 2, 4, 9 and 16 within the Mediterranean
basin, BTV serotypes 6, 8 and 11 all appeared in
northern Europe (Benelux) after 2006; whereas
the strains of BTV serotypes 6 and 11 are closely
related to South African live attenuated vaccine
viruses1 [25], the origin of the highly pathogenic
strain of BTV serotype 8 that has now spread
throughout much of Europe remains unknown.
Since its appearance in northern Europe, this
virus has now spread to the Mediterranean basin,
Scandinavia, and the Middle East. This strain of
BTV serotype 8 exhibits several distinctive features that are unusual amongst other ﬁeld strains
of BTV, notably its ability to cross the ruminant
placenta with high frequency [88]. Vertical transmission has previously been considered to be largely or exclusively a property of BTV strains
modiﬁed by growth in embryonated eggs or cell
culture [57].
An additional remarkable feature of the BT
pandemic in Europe is the recognition of several apparently new vector species, including
Palaearctic species such as Culicoides chiopterus, C. dewulfﬁ, C. obsoletus, C. scotius, and
C. pulicaris [86]. These insects were all resident
in Europe long before the emergence of multiple serotypes of BTV, suggesting that environmental changes may have been responsible
for their recent ability to serve as efﬁcient vectors of the virus [69, 70]. While it is proposed
that recent environmental changes have facili1

Mertens P.P.C., Maan S., Potgieter A.C.,
Nomikou K., Maan N.S., The molecular epidemiology of bluetongue virus infection in Europe:
impact of vaccination, Proc. Ann. Mtg. US Anim.
Health Assoc. (2009) (in press).
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tated expansion of the range of known vectors
such as Culicoides imicola, the traditional
Asian/African vector, this opinion is strongly
disputed by others. Importantly, several of the
Palaearctic Culicoides species that are now efﬁciently transmitting BTV in the absence of
known vectors such as C. imicola, also occur
throughout the Holarctic region that includes
North America [18]. This raises the unnerving
possibility that the viruses that have recently
spread throughout extensive portions of Europe,
especially the unusual and highly virulent strain
of BTV serotype 8, might even further expand
their global range in the future.
2.3.2. North America, Australia and the
Middle East

Five BTV serotypes have long been recognized as enzootic in North America, speciﬁcally
serotypes 10, 11, 13 and 17 occur throughout
much of the continent coincident with the distribution of C. sonorensis, whereas serotype 2 is
restricted to the south-eastern USA apparently
because of its reliance on C. insignis for transmission [55, 79]. Since 1998 ten additional previously exotic serotypes (1, 3, 5, 6, 9, 12, 14,
19, 22, 24) have also been isolated in the
south-eastern USA, but without any obvious
associated disease outbreak2. The majority
(but not all) of these virus serotypes were previously identiﬁed in the Caribbean/Central
America ecosystem, as determined by either
virus isolation or serological studies on ruminants in the region [79]. Thus, the BTV serotypes that recently have encroached into the
south-eastern USA have likely originated in
the adjacent tropical ecosystem to the immediate south, where C. insignis and possibly other
species such as C. pusillus, C. furens, C. ﬁlarifer and C. trilineatus are the vectors of numerous BTV serotypes [58]. The importance of
vector species other than C. sonorensis is largely undetermined in North America, and there
has been little or no comprehensive, prospective
surveillance of the viruses and vectors present
2

Ostlund E.N., NVSL update to the bluetongue
and related Orbiviruses Committee, Proc. Ann.
Mtg. US Anim. Health Assoc. (2009) (in press).
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in the USA and Caribbean basin/Central America for several decades.
Additional novel serotypes of BTV have also
recently invaded Israel and Australia, countries
that previously had stable annual cycles of
BTV infection (virus serotypes and distribution),
as shown by ongoing surveillance over many
years. Speciﬁcally, BTV serotypes 2, 4, 6, 10,
16 previously were recognized in Israel, but serotypes 5, 8, 15 and 24 have all recently emerged
in the country and the occurrence of serotype
24 in particular was associated with very high
mortality in infected sheep. Interestingly, BTV
serotype 24 also recently appeared in the southeastern USA without any associated disease outbreak, further conﬁrming that serotype alone
does not determine the virulence of individual
ﬁeld strains of BTV [57]. Similarly, 8 serotypes
(1, 3, 9, 15, 16, 20, 21, 23) of BTV previously
have been identiﬁed in Australia, of which only
two (serotypes 1 and 21) annually spread into
eastern Australia as far south as northern New
South Wales; however, BTV serotypes 2 and 7
were recently identiﬁed for the ﬁrst time in the
Northern Territory of Australia. Finally, BTV
infection is enzootic in the Indian subcontinent
with the presence of at least 21 serotypes of the
virus, however there are multiple recent, largely
unexplained, reports of the emergence of virulent
BT disease amongst indigenous breeds of sheep.
2.4. Summary

The essential question remains as to why
BTV has recently emerged in previously unaffected regions, and why exotic virus serotypes
have spread into regions with previously stable
enzootic infection with speciﬁc virus serotypes.
In the south-eastern USA, northern Australia,
and southern Europe, it is very likely that most
if not all of these novel, emergent BTV serotypes have originated and spread from adjacent
tropical or subtropical ecosystems. It is to be
stressed that subsequent virus transmission
within these newly affected regions clearly
requires the presence of competent resident
Culicoides vectors, which in several recent
instances involves virus transmission by indigenous insect species that previously were not
considered to be competent vectors of BTV.
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Climate events such as storms, typhoons and
hurricanes have been frequently proposed to
be responsible for the wind-borne dissemination
of virus-infected Culicoides midges, but longdistance dissemination of virus-infected insects
likely can occur simply on prevailing winds.
For instance, there is compelling evidence that
BTV serotype 8 was spread in 2007 from continental Europe to adjacent regions of England
by wind-borne insects, after which there was
limited regional dissemination by resident
insects [32]. Wind-borne insects are believed
to have also been responsible for the recent
spread of BTV from North Africa to southern
Europe, and between Mediterranean islands,
in some instances involving distances of up to
several hundred kilometres. It has even been
proposed that serotypes of BTV that occur in
Africa can be spread to the Americas by
virus-infected insects carried on the trade winds
[31], a ﬁnding that is consistent with genetic topotyping studies of global BTV strains. Specifically, genetic analysis of conserved genes of
BTV strains from the around the world segregates these viruses into so-called ‘‘eastern’’
(Asia, Southeast Asia, Australia, Indian subcontinent) and ‘‘western’’ (Africa, the Americas)
lineages, consistent with common ancestry of
the viruses in each lineage1 [9, 15].
In contrast, both the route of introduction
and origin of the strain of BTV serotype 8 that
recently invaded northern Europe are uncertain,
and this event very clearly represents a longdistance translocation of BTV into a region
devoid of C. imicola, the principal African/
Asian vector of BTV. The strain of BTV serotype 8 is unrelated to the South African live
attenuated vaccine virus of that serotype
whereas the strains of BTV serotypes 6 and
11 that recently appeared in northern Europe
are apparently derived at least in part from
South African live attenuated vaccine viruses1
[25], although their precise route and mechanism of introduction also remains a mystery.
The very disconcerting message from these
recent events to the rest of the world, therefore,
is that exotic strains of BTV can be translocated
into previously free regions, including those
devoid of known vector species but in which
other putatively ‘‘non vector’’ Culicoides
(page number not for citation purpose) Page 5 of 12
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species are resident. Furthermore, the remarkable expansion of BTV serotype 8 into northern
Europe and Scandinavia indicates that climate
no longer can be relied on to conﬁne BTV to
its traditional global range between 40–50° N
and 35° S. It is difﬁcult to predict therefore,
what the global range and distribution of BTV
will become in coming years.

3. AFRICAN HORSE SICKNESS
3.1. History and background

African horse sickness (AHS) is a non-contagious, insect-transmitted disease of equids
caused by AHSV. In horses, the disease is usually
peracute to acute and in naive animals more than
90% of those affected die. Mules are less susceptible than horses and African donkeys and zebras
rarely show clinical signs of disease [36, 37]. The
ﬁrst known historical reference to a disease
resembling AHS was reported in Yemen in
1327 [41]. Documents reporting on the travels
of Portuguese explorers in East Africa in 1569
report AHS affecting horses imported from India
[41]. Neither horses nor donkeys were indigenous to southern Africa but were introduced
shortly after the arrival of the ﬁrst settlers of the
Dutch East India Company in the Cape of Good
Hope in 1652 [83]. Dutch East India Company
records make frequent reference to ‘‘perreziekte’’
or ‘‘pardeziekte’’ in the Cape of Good Hope [83]
including an outbreak in 1719 during which
about 1 700 horses died of AHS. AHS has subsequently been recognized in other parts of subSaharan Africa where AHSV is considered to be
enzootic.
Nine serotypes of AHSV are recognized
[45, 61]. Like BTV, AHSV is biologically transmitted by Culicoides spp., of which C. imicola
and C. bolitinos have been shown to play an
important role in Africa [62]. The disease has
a seasonal occurrence and its prevalence is inﬂuenced by climatic and other conditions that
favour the breeding of Culicoides spp. Although
other insects have been suggested as possible
vectors of AHSV, none have been shown to play
a role under natural conditions. AHSV can be
transmitted between horses by parenteral inocuPage 6 of 12 (page number not for citation purpose)
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lation of infective blood or organ suspensions
and it is more readily transmitted by the intravenous than by the subcutaneous route [82].
AHS is characterized by pyrexia, inappetence and clinical signs and lesions compatible
with impaired respiratory and vascular functions
with oedema of subcutaneous and intermuscular
tissues and of the lungs, transudation into the
body cavities, and haemorrhages, particularly
of the serosal surfaces. Dogs are the only other
species that contract a highly fatal form of
AHS [39, 80]. All reported clinical cases in dogs
have resulted from the ingestion of infected carcass material from horses that have died from
AHS [12, 67]. However, it is doubtful that dogs
play any role in the epidemiology of AHS, as
Culicoides spp. do not readily feed on them
[60]. Neither domestic ruminants nor wildlife,
besides zebra [10, 13, 22, 28], have been shown
to play a signiﬁcant role in the epidemiology of
AHS. In contrast to some strains of BTV, especially the European strain of BTV serotype 8,
AHSV infection does not cause reproductive
failure amongst pregnant equids.
AHSV infection of equids results in a cell
associated, predominantly erythrocyte associated viraemia of up to 28 days in horses and
up to 40 days in zebra. Highly sensitive and
speciﬁc virus detection (quantitative PCR)
assays are now more widely available to conﬁrm the presence or absence of AHSV infection
in equids. Thus, horses can safely be moved
into AHSV-free regions regardless of the status
of the exporting region, but only with stringent
adherence to appropriate testing and quarantine
practices as prescribed by OIE [7].
3.2. Evolution of AHSV

Like BTV, there is extensive genetic heterogeneity of ﬁeld strains of AHSV that potentially
determines the biological behaviour and properties of individual virus strains, including their
virulence [19]. This genetic diversity also likely
arises as a consequence of both genetic shift
and genetic drift, the latter as a result of reassortment of viral genes and the former through
quasispecies evolution of the virus in its vertebrate host followed by founder effect in feeding
insects that results in variation in the nucleotide
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sequence of each of the 10 dsRNA segments of
the AHSV genome. Like those of ﬁeld strains
of BTV, individual AHSV gene segments further evolve over time through negative (purifying) selection [71]. The genetic determinants of
AHSV virulence remain uncharacterized, as do
those that might determine whether or not the
virus can emerge in novel vector species.

and 7 of AHSV were isolated in Senegal in
2007 and serotype 2 was isolated in Nigeria in
2007. AHS was also reported in The Gambia
in 2007. AHSV can be distributed over great
distances if equids incubating the disease are
translocated by land, sea or air [52, 73]. Spread
of AHS can also occur as a result of wind-borne
spread of infected vectors [78].

3.3. Emergence of AHSV

3.4. Summary

Nine antigenically distinct serotypes of
AHSV have been described [45, 61]. While
there may be some cross relatedness between
the serotypes there is no deﬁnitive evidence of
any intratypic variation [45, 61]. All 9 serotypes
have been documented in eastern [23] and
southern Africa [14, 45, 61] while serotype 9
is more widespread and appears to predominate
in the northern parts of sub-Saharan Africa
[1, 76]. AHS has been periodically recorded
beyond its traditional enzootic range in subSaharan Africa, including in Egypt in 1928,
1943, 1953, 1958 and 1971 [37], in Yemen in
1930 and in Palestine, Syria, Lebanon and
Jordan in 1944 [2]. In 1959, AHS serotype 9
occurred in the south-eastern portion of Iran.
This was followed by outbreaks during 1960
in Cyprus, Iraq, Syria, Lebanon and Jordan as
well as in Afghanistan, Pakistan, India and
Turkey. Between 1959 and 1961, more than
300 000 equids were lost to AHS [44, 46, 72].
In 1965 AHS occurred in Libya, Tunisia,
Algeria and Morocco and subsequently spread
to Spain in 1966 [40]. Between 1987 and
1990, AHS serotype 4 occurred in Spain with
the virus being introduced by zebra (Equus
burchelli) imported from Namibia [52, 73].
AHS was also conﬁrmed in southern Portugal
in 1989 and Morocco between 1989 and 1991
with these outbreaks being extensions of the
outbreak in Spain [92]. In 1989, an outbreak
of AHS serotype 9 occurred in Saudi Arabia
[4]. AHS was also reported in Saudi Arabia
and Yemen in 1997 and on the Cape Verde
Islands in 1999. Serotypes 6 and 9 of AHSV
were isolated from samples collected from equids in Ethiopia in 2003 [90] and serotype 2
has resulted in the death of approximately
2 000 horses in Ethiopia in 2008. Serotypes 2

There have been numerous documented
prior extensions of AHSV from its enzootic
domain within sub-Saharan Africa into North
Africa, Europe and the Middle and Near East.
The only recorded introduction of AHS from
an enzootic to a free region that occurred as
the result of legal trade in equids was the outbreak on the Iberian Peninsula in the 1980s,
which was associated with import of zebra from
Namibia without application of appropriate sanitary conditions. The European Union has now
harmonized import conditions and other veterinary administrations are acutely aware of risks
associated with import of exotic species and
therefore a reoccurrence is unlikely.
All 9 serotypes of AHSVoccur in eastern and
southern Africa, however there recently has
been an increase in the number of serotypes
present within the northern limits of the virus’
range in sub-Saharan Africa. This spread of at
least 3 different serotypes into these areas is disconcerting because recent experiences with
BTV indicate that once these viruses reach
North Africa they readily can spread throughout
the Mediterranean basin. The incursion of
AHSV into countries of Europe or the Middle
East that are extensively involved in the international trade and movement of horses would be
economically devastating, thus there is substantial current concern regarding potential spread of
AHS from Africa into adjacent regions [26, 29].

4. OTHER ORBIVIRUS DISEASES
4.1. Equine encephalosis

Equine encephalosis (EE) is usually a mild
or subclinical Orbivirus infection of horses
(page number not for citation purpose) Page 7 of 12
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[38]. The virus is transmitted by species of
Culicoides that are endemic to the temperate
regions of Africa and, as a result, the epidemiology of EEV infection has much in common
with AHS. The disease referred to as ‘‘equine
ephemeral fever’’ by Sir Arnold Theiler in the
early 1900s [81] is probably the ﬁrst description
of EE. Fatal EEV infection can occur, but rarely
[47, 49]. EEV has long been enzootic in of
Africa but was described recently for the ﬁrst
time in Israel [64]. The Israeli outbreak was
widespread and infected horses exhibited pyrexia, oedema of the neck, legs, eyelids and lips,
but without mortality. Similar clinical signs
were also associated with a recent outbreak of
EE in Thoroughbred weanlings in the Western
Cape Province of South Africa3.
4.2. Epizootic hemorrhagic disease

EHDV is an Orbivirus closely related to BTV
that occurs throughout much of the world,
including the Americas, Africa, Australia and
Asia [54]. Ibaraki virus (EHDV serotype 2), is
the cause of Ibaraki disease of cattle in Japan
[51]. Two EHDV serotypes (serotypes 1 and 2)
have long been enzootic in North America,
where they cause fatal hemorrhagic disease in
wild ruminants, especially white-tailed deer.
A third EHDV serotype (serotype 6) recently
emerged in the USA, and this virus has now been
isolated as far north as the state of Michigan [3].
Interestingly, EHDV serotype 6, which was originally isolated in Australia, also has emerged
amongst cattle in North Africa and Turkey.
Affected cattle in North Africa exhibited BT-like
disease, as did cattle in Israel infected with
EHDV serotype 7 [89].
4.3. Peruvian horse sickness

PHSV is a mosquito-transmitted Orbivirus
that is the cause of outbreaks of encephalitis
amongst horses in South America [8]. A very
similar, likely identical virus, Elsey virus, is
3
Grewar J.D., Use of temperature sensitive microchip transponders to monitor body temperature and
pyrexia in Thoroughbred foals, MSc Dissertation,
University of Pretoria, South Africa, 2009.
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present in the Northern Territory of Australia
where infection can cause encephalitis like that
described with PHSV. The epidemiology of the
infections caused by these viruses is poorly
characterized, and it is uncertain how identical
viruses came to be present in such distinct
regions of the world.
5. FUTURE PERSPECTIVES

It is abundantly clear that the global distribution of several Culicoides-transmitted Orbivirus
infections of livestock has altered drastically of
late, although the precise mechanism(s) responsible for these events is less certain. Speciﬁcally,
it is clear that the wind-borne dispersion of virusinfected Culicoides insects as ‘‘aerial plankton’’
can translocate these viruses over long distances,
as can the movement of virus-infected livestock.
Human interventions, including the intentional
or unintentional introduction of products that
contain Orbiviruses, also can result in longdistance translocation of these viruses as previously shown with the introduction of AHS into
Spain through the importation of infected zebra
and the translocation of BTV serotype 1 from
south-eastern France to Brittany by illegal movement of livestock. Viruses that are transmitted
vertically, notably the strain of BTV serotype 8
that recently has spread rapidly after its original
incursion into northern Europe, can be expected
to contaminate foetal tissues and ﬂuids such as
foetal bovine serum and so all such products
from animals in enzootic regions are a potential
source of virus.
Once Orbiviruses are translocated into new
regions, subsequent virus dissemination requires
that resident Culicoides are able to acquire and
transmit the speciﬁc virus. The environmental
(including climatic), virus and vector (insect)
determinants that determine vectorial capacity
are only now being deﬁned, thus many current
risk analyses are based on data that are of dubious relevance and validity. The reality is that
several Orbiviruses recently have expanded
their global range, and it is difﬁcult to accurately
predict which of the many species of Culicoides
insects that occur worldwide ultimately will be
proven to be vectors of these viruses. Until
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better predictive models are available it would
be unwise for any country with resident populations of Culicoides insects, regardless of current
status for Orbivirus infection, to assume that one
or more of these viruses could not emerge at
some time in the future. However, any such
incursion can now be rapidly identiﬁed through
appropriate surveillance utilizing sensitive and
speciﬁc molecular diagnostic assays.

adaptation to climate change, PLoS Negl. Trop. Dis.
(2009) 3:e429.
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