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Summary

In the past, the worldwide distribution of bluetongue virus was limited to areas between
approximately 35 degrees south and 40 degrees north latitude, but recently it has
dramatically expanded in Europe to 58 degrees north latitude. The virus is thought to
have been introduced into central and western Europe by the transport of infected
animals or by wind-borne transmission of infected Culicoides, as well as by unknown
routes of spread. Nowadays, European countries are experiencing regular outbreaks of
bluetongue caused by different serotypes. Climate change is expected to affect the
distribution and range of many vector species due to global warming and altered
precipitation patterns. Climate change modifies long-term weather and climate patterns
that affect the behavior of arthropod vectors. Increased average winter air temperatures
allow arthropods to survive and extend their active period. An example of this is the
emergence of bluetongue virus serotype 3 in the summer of 2023 in the Netherlands,
the spread of the virus and its re-emergence in 2024. In the last 25 years, there has also
been an increase in the number of horse sickness serotypes circulating at the northern
border of the virus in sub-Saharan Africa. The current situation of equine sickness
resembles the distribution of bluetongue virus before the sudden expansion into
northern Europe in 2006. The wind-borne transmission of infected Culicoides is
particularly important from a control perspective, as it makes the restriction of
movement of susceptible animals significantly less effective in preventing the spread
of the disease. Currently, the most important role of Culicoides from a public health
perspective is their ability as biological vectors to transmit Oropouche virus, the
causative agent of Oropouche fever in humans.
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INTRODUCTION
During the past three decades, an increasing number of arbovirus infections has been
seen. This has been attributed to climate change, mainly caused by human activities,
which favors the emergence and spread of arthropods to new territories, as well as the
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resistance and transmission of viruses. Diseases caused by arboviruses that can
endanger a country are a threat to human and animal health, with potentially
devastating social and economic consequences, and urbanization, globalization and
climate change in recent years have led to the expansion of arboviruses. The global
distribution of bluetongue and epizootic hemorrhagic disease in the world has changed
significantly in recent years, especially due to the introduction of multiple serotypes of
bluetongue virus into Europe. The unexpected emergence of bluetongue or epizootic
hemorrhagic disease is related to the potential consequences of climate change on the
geographical distribution and severity of vector-borne diseases. Bluetongue and
epizootic hemorrhagic disease viruses infect domestic and wild ruminants and cause
clinically almost identical changes. Symptoms include swelling and cyanosis of the
tongue, coronitis of the hoof, bleeding and death. Cattle are considered reservoirs for
bluetongue and epizootic hemorrhagic disease viruses, because infected animals,
although usually asymptomatic, are viremic. The enormous genetic diversity of these
orbiviruses can lead to the emergence of new serotypes with unique biological
properties, as well as the possibility of not only horizontal but also vertical
transmission.

Different species of Culicoides are the primary vectors of arboviruses in different parts
of the world. Hematophagous insects of the genus Culicoides are distributed
throughout the world and in some regions can reach high numbers seasonally, which
affects livestock farming, agriculture, forestry and tourism in many parts of the world,
leading to great economic losses. Most species of Culicidae are hematophagous,
feeding on all vertebrates, including humans. In addition to being unpleasant to bite,
Culicidae can transmit viruses, protozoa and nematodes during feeding, with some
viruses causing high morbidity and mortality in ruminants, horses and humans. Their
greatest importance for veterinary medicine is reflected in the fact that they transmit
numerous pathogens of domestic and wild animals, especially orbiviruses, which cause
non-contagious diseases of ruminants. They are primary vectors of Orbiviruses
(bluetongue virus, epizootic haemorrhagic disease virus and African horse sickness
virus), Orthobunyaviruses, Oropouche, Akabane and Schmallenberg viruses.

There are several routes of introduction of arboviruses that carry Culicidae to new
territories, such as wind-borne transmission of infected Culicidae, import of viremic
animals, use of unregistered attenuated vaccines (emergence of bluetongue virus
serotypes 6 and 11 in Europe). The routes of introduction of bluetongue virus serotypes
8 and 25 are currently unknown. It is assumed that serotype 8 was introduced by the
transport of infected Culicidae, animals and humans, or even by the import of cut
flowers. Transport by ship is also potentially possible. However, it should be
emphasized that Culicidae eggs are very sensitive to desiccation, so their transport is
not a likely route of introduction of the virus into a country. The presence of the low-
virulent serotype 25 of the bluetongue virus (Toggenburg virus) was “incidentally”
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detected during routine surveillance of the highly pathogenic serotype 8 in Switzerland
(Carpenter et al., 2013).

Vector-borne viruses have mechanisms for “overwintering” during periods of low
temperatures to survive during the winter months when vectors are inactive.
Mechanisms for virus survival in Europe include overwintering in “long-lived” insects,
prolonged viremia in ruminants, and vertical transmission between ruminants and
vectors. It should also be noted that climate change affects vectors, their competence,
virus transmission capacity, geographic distribution, extrinsic incubation period,
duration of activity (late autumn, early spring), and also the virus genome (Hudson et
al., 2023).

Culicoides
Insects of the family Ceratopogonidae are distributed throughout the world. There are
6,206 species of Ceratopogonidae in the world. Within the family Ceratopogonidae,
there are four genera that feed on the blood of vertebrates (Culicoides, Leptoconops,
Lasiohelea and Austroconops), of which the genus Culicoides, with 1,347 described
species, is of greatest importance when it comes to infectious diseases. To date, over
50 arboviruses have been isolated from these insects, 45% of which have not been
detected in other arthropods (Mellor et al., 2000). These insects are potential vectors of
infectious disease agents, the most important of which are bluetongue virus, epizootic
hemorrhagic disease virus, Schmallenberg virus, African horse sickness virus, as well
as Oropouche virus, the only known virus transmitted by Culicoides to humans.
Culicidae are some of the smallest hematophagous insects, rarely exceeding three
millimeters in length. The life cycle consists of an egg, four larval stages, a pupa, and
an adult. The larvae are very diverse in habit, behavior, and ecology, and develop in
moist habitats. Adults can also be important pollinators. Females require a protein diet
to produce eggs. They are active at dusk and dawn. They are present in most parts of
the world, with the exception of Antarctica and New Zealand. For the development of
eggs, larvae, and pupae, they require moisture-rich habitats, such as moist, organically
enriched soil, which is often found around farms, and can also be found in places such
as tree cracks, rotting vegetation, pond edges, wet soils, and certain types of
herbivorous dung. Due to their size (1-2.5 mm), under favorable conditions, Culicoids
can easily be carried by winds over long distances. Culicoids have also been shown to
be present at high altitudes. Epizootic haemorrhagic disease virus serotype 8 is thought
to have been introduced into Italy from Tunisia in this way, by wind-borne vectors,
which is the same route of transmission as bluetongue virus serotype 3 in 2017.
Research on the spread of Culicoids by wind has shown that the high-risk zone of wind-
borne vector spread from the sites of the first outbreaks of Epizootic haemorrhagic
disease virus serotype 8 in France remains largely confined to the south-west of the
country, but with possible penetration northwards to the Gironde region or eastwards
along the Pyrenees mountains. In addition, the spread of the vector towards northern
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Spain is possible (Bibard et al., 2024b). While climate change may affect the future
spread of infected vectors by wind, the transport of infected animals is a more likely
route of introduction of orbiviruses into a country and region that has disease-free
status. The emergence of African horse sickness in the Middle East and Southwest Asia
from 1959 to 1962 and in North Africa and Spain in 1965 was due to the movement of
nomadic tribes (Carpenter et al., 2017). The import of zebras from Namibia into Spain
in 1987 also introduced serotype 4 of the African horse sickness virus, and in 2020,
serotype 1 was introduced into Thailand through the import of equidae.

The ability of hematophagous insects to be vectors of pathogens is innate and
genetically determined. It is a consequence of the evolutionary adaptation of the
pathogen during which it acquired the ability to evade the immune defenses of the
arthropod, infect the vector, multiply and develop in its cells and organs, reach the
salivary glands and transmit to the susceptible species during feeding of the vector.
Four criteria must be met to determine the vectorial ability of arthropods for different
pathogens: confirmation of the virus in vectors caught in the field that have not taken
a blood meal, demonstrate the ability to become infected after feeding on an infected
host or blood containing the pathogen, establish the ability to transmit the pathogen to
the host by biting, and determine the abundance and association of vectors in the field
with appropriate susceptible hosts (Ruder et al., 2015).

Culicoids are biological vectors of orbiviruses, which means that after ingestion, the
virus infects the midgut cells of these insects and multiplies there, travels to the body
cavity of the insect, and then infects the salivary glands, where it also multiplies. Only
then can the virus be transmitted to a new host. The time that elapses from the ingestion
of the virus until it reaches the salivary glands of the vector is called the extrinsic
incubation period, and its duration depends on the activity of the viral RNA
polymerase, which, in turn, depends on the ambient temperature. At 15°C, the extrinsic
incubation period lasts several weeks, while at 30°C it lasts only a few days (Wittmann
et al., 2002). After feeding on the Culicoids and taking a meal of infectious blood, the
bluetongue virus enters the midgut, multiplies and can infect other organs. At 25°C, the
virus from the midgut reaches the salivary glands within two days of infection. After
entry into the acinar cells of the salivary glands, the virus replicates again, and then the
virus particles are released into the terminal acini from where they can be transmitted
in the saliva during the vector bite. In contrast to mammalian cells, which are severely
damaged by the process of virus exit by exocytosis, virus release from insect cells
occurs exclusively by membrane budding (Kampen and Werner, 2023). The time
required for the vector to digest a blood meal also decreases at higher temperatures,
increasing the frequency of feeding. At temperatures below 12°C, viral replication
ceases completely, although the virus can survive in infected Culicoides and resume
replication if the temperature increases (Wellby et al., 1996). At such low temperatures,
vector activity also decreases. As a result, virus transmission is almost completely
interrupted for several months of the year due to cold weather. However, epizootics
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often continue after periods far longer than the typical lifespan of the adult vector or
the normal infectivity period of the host. During the winter months, arthropods are
inactive, and Culicoides are thought to overwinter in the larval stage. During the winter
in Europe, after the first frosts, adult Culicoides are present in small numbers or
completely absent. A study in Germany showed that Culicoides of the Obsoletus group
are present almost all year round inside stables, indicating a high risk of virus
transmission to ruminants in closed environments. In this study, the Obsoletus group
was active both indoors and outdoors during all months of the year. Some species of
the Pulicaris complex were active from March, but were also present during the cold
months until early December. Therefore, the results show that there are periods of low
vector activity during the year, but not without vectors (Groschupp et al., 2023). The
resistance of C. sonorensis to temperatures of -20°C and significant desiccation in the
egg stage may indicate resistance to climate change in the future.

Studies indicate that the same species of Culicoides are involved in the transmission of
bluetongue, epizootic haemorrhagic disease and African horse sickness. Of all
Culicoides species, Culicoides imicola is the most important vector worldwide. It is
present throughout Africa, the Near and Middle East, parts of South and Southeast Asia
and southern Europe. The most important vector globally, C. imicola, has so far been
discovered only in Mediterranean countries, and the northernmost part of Europe where
it is present is southern Switzerland (Groschupp et al., 2023). Also, another important
vector in Africa, south of the Sahara, is C. bolitinos, a species related to the /micola
complex. In North America, the main vector is C. sonorensis and is the best studied
Ceratopogonid species. In Central and South America, it is C. insignis, and in Australia,
C. brevitarsis (Winder, 1978). At the end of the twentieth century, it was assumed that
the native Culicoidea species that are widespread and numerous throughout northern
Europe, C. obsoletus and C. pulicaris, could also be competent vectors. This was
definitively established in 2006, when bluetongue disease broke out in central and
northern Europe and when the presence of C. imicola was not detected, but only the
presence of C. obsoletus and C. pulicaris (Kampen and Werner, 2023). Until the 2006
outbreak of bluetongue in central and northern Europe, the virus was mainly found in
Africa, Asia and the southern part of Europe, where it was primarily transmitted by the
species C. imicola. The outbreak of bluetongue disease in central and northern Europe,
where C. imicola is not present, suggests that local Culicoidea species are also
competent biological vectors (Meiswinkel et al., 2007). Four members of the Obsoletus
group of the genus Culicoides (Culicoides obsoletus sensu stricto, Culicoides scoticus,
Culicoides dewulf, Culicoides chiopterus) and three members of the Pulicaris complex
(Culicoides pulicaris sensu stricto, Culicoides punctatus, Culicoides impunctatus)
were considered to have a potential role as vectors (Nolan et al., 2007; Savini et al.,
2005; Torina et al., 2004; Caracappa et al., 2003). There is little information on the
diversity of Culicoide species and their host populations in Eastern Europe. A study
conducted in Romania revealed for the first time the presence of the species C.
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griseidorsum, C. puncticollis and C. submaritimus, and it was also proven that
Culicoides feed mainly on ruminants, which is in agreement with other studies from
Europe. Cattle could play an important role in the multiplication and spread of
pathogens between wild and domestic ruminants (Tomazatos et al., 2020).

Orbiviruses

Orbiviruses are members of the Reoviridae family, which includes 14 genera. There
are currently 22 recognized species and at least 160 different serotypes in the genus
Orbivirus, distributed worldwide, predominantly in tropical and subtropical regions,
including Europe, Asia, and Africa (Attoui and Mohd Jaafar, 2015). Orbiviruses infect
vertebrates and invertebrates, plants, and fungi. Due to their impact on livestock, the
viruses that cause bluetongue, epizootic hemorrhagic disease, and African horse
sickness are of great economic importance globally (Hudson et al., 2023). These ten-
segmented, double-stranded RNA viruses are non-enveloped. Orbiviruses are
transmitted by various arthropod vectors such as mosquitoes, flies, and ticks, and
members of the genus Culicoides transmit most orbiviruses that cause major economic
losses in domestic animals. Due to the segmented structure of the virus, in cases of co-
infection, gene reassortment or segment exchange between orbivirus species may
occur, which inevitably affects susceptible hosts, virulence, immune evasion, and
antiviral resistance. Orbivirus gene reassortment plays an important role in the
emergence of diversity and evolution of this group of viruses. An example of this is the
recently discovered new strain of Tibetan orbivirus in China, which was found to be
the result of natural reassortment (Ren et al., 2021). Diseases caused by orbiviruses
occur seasonally, mainly in late summer, in subtropical and temperate regions, which
is related to external temperature, vector activity and virus replication (Guthrie and
Weyer, 2015). The population of Culicidae increases during rainy periods (Aklilu et
al., 2014). The epizootiology of orbiviruses is changing under the influence of climate
change that affects viruses, vectors, but also susceptible animals. Climate change can
potentially worsen the negative global economic impact of orbiviruses. Climate
change, i.e. an increase in average air temperature, can lead to increased virus
replication, and thus the emergence of new mutations. The spread of vectors to new
territories and the infection of vectors with different serotypes will also increase the
degree of virus reassortment.

Blue tongue disease
The most important disease in Europe transmitted by Culicidae is bluetongue.
Bluetongue is a non-contagious disease of ruminants (cattle, sheep, deer, goats and
camels), with sheep being the most severely affected (Maclachlan et al., 2009). The
virus belongs to the genus Orbivirus, family Reoviridae. So far, 36 serotypes of the
virus have been described, which differ genetically and in virulence (Ries et al., 2021).
The clinical picture varies from mild to severe. In cattle, the disease usually proceeds
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subclinically, but this species represents a reservoir of the virus because it develops
long-term viremia (Maclachlan et al., 2009). The virus is transmitted by Culicidae, with
the exception of a small number of atypical serotypes that can be transmitted by direct
contact between ruminants: some strains of this virus can be transmitted directly from
animal to animal, transplacentally, iatrogenically and orally, and even mechanically, by
flies carrying the virus on their mouth. These routes may be important during the
“overwintering” period of the virus (Wilson et al., 2008). There is little evidence for
vertical transmission of bluetongue virus from one generation of Culicidae to the next,
and it is thought that virus particles are not transferred to eggs, which precludes
transovarial transmission (Nunamaker et al., 1990). In ruminants, bluetongue virus may
persist over the winter by establishing a chronic or latent infection or by transplacental
transmission from infected dams to offspring and giving birth to infected young in the
spring, which has been linked to serotype 8 (Mansfield et al., 2024). Bluetongue is
characterized by fever, circulatory disorders, lip hyperemia, petechiae, ulcerations of
the nasal and oral mucosa, increased salivation, head edema, difficulty breathing,
cyanosis of the tongue, and lameness, and abortion is possible. The changes may be
more pronounced in young animals (Stevanovi¢ and Nedi¢, 2019; MacLachlan et al.,
2009). The economic impact, in addition to direct losses in the form of mortality and
abortion, also includes restrictions on international trade in animals and animal
products. Vaccines are available, but are used restrictively except in outbreak
situations. Morbidity and mortality, trade restrictions, and vaccination are significant
costs and have a major economic impact on farmers and the livestock industry (Puri¢
et al., 2022; Puri¢ et al., 2021; Gethmann et al., 2020).

Bluetongue was first described in the early 20th century in southern Africa. By the mid-
20th century, the disease had spread to North America, and the causative agent was
identified in 1952 in the USA (McKercher et al., 1953). In the late 1950s, bluetongue
was reported in southern Asia (Pakistan, India, China, Indonesia, Malaysia, Japan)
(Prasad et al., 2009; Daniels et al., 2009). From Asia, wind-borne infected vectors were
introduced to Australia, and the first cases of the disease were detected in 1975 (Firth
et al.,, 2017). In Europe, the first cases of the disease appeared in 1924, but major
epizootics occurred in Cyprus (1943) and the Iberian Peninsula (1956) (Gambles, 1949;
Manso-Ribeiro et al., 1957). The distribution of the virus has changed significantly in
the last three decades, as reflected by the appearance of the virus in regions where it
was previously absent, as well as the emergence of new serotypes in enzootic areas
(Mansfield et al., 2024). During the first half of the twentieth century, bluetongue virus
was present in Africa and Cyprus, and in 1951 it was confirmed in Israel; in 1961 in
Asia, and then, in 1975 in Australia (Wilson and Mellor, 2009). In Europe, in 1956 and
1960, a major epizootic caused by serotype 10 occurred in Spain and Portugal, killing
almost 180,000 animals (Manso-Ribeiro et al., 1957). By the end of the twentieth
century, bluetongue had spread and was reported worldwide between approximately
40 degrees north and 35 degrees south latitude (Wilson and Mellor, 2009). Serotype 9
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was discovered in Greece in 1998, from where it spread further north and west. Until
1998, bluetongue occurred sporadically in Europe, with each epizootic being
associated with a single serotype of the virus. However, since 1998, the disease has
spread northwards and into the Mediterranean region, and then into Europe, extending
800 km northwards (Purse et al., 2005). The spread of the virus to new territories is a
consequence of climate change that has favoured the survival of the virus during the
winter and the Culicoidea, the spread of C. imicola northwards, but also the
transmission of the virus by native vector species. The activity of the virus in Europe
before 2001 was apparently limited to the known range of C. imicola, and its spread
northwards, where C. imicola is not present, represents a turning point in the
epizootiology of bluetongue in Europe and confirmation that virus transmission by
local Culicoidea species is possible. In the Republic of Serbia, the virus was first
isolated in 2001 and the results were confirmed in the World Organisation for Animal
Health reference laboratory in Pirbright, United Kingdom, where it was determined to
be serotype 9 (Djuricic et al., 2004a), and the presence of the disease has also been
confirmed in other Balkan countries (Stevanovi¢ et al., 2018; Djuricic et al., 2004b).
In August 2006, the bluetongue virus crossed 50° north latitude for the first time, and
serotype 8 appeared in the Netherlands, Belgium, Germany, France and Luxembourg
(Kampen and Werner, 2023). Analysis of the genome sequence of the serotype 8 virus
indicated a high similarity to a strain of this serotype previously isolated from sub-
Saharan Africa (Maan et al., 2008). Interestingly, the summer and autumn of 2006 were
the warmest since official temperature records began, and the average air temperature
in Europe in July was the warmest on record (Purse et al., 2008). In 2007, the Friedrich
Loeffler Institute confirmed that the virus had successfully overwintered in western
Europe. Since 2006, bluetongue has spread further into northwestern Europe,
occupying areas as far north as 58 degrees north latitude (Wilson and Mellor, 2009).
Thanks to a mandatory vaccination program against bluetongue, serotype 8 was
eradicated from Europe in 2011, but in 2015, it reappeared in France, this time with
reduced virulence, in 2017 in Switzerland, and in 2018 in Germany, for the first time
in nine years (Niedbalski and Fitzner, 2020). The presence of serotype 4 was proven in
2014 in Spain, Portugal, Croatia, Greece, Bulgaria, Romania, Slovenia, and a few years
later, a genetically modified serotype 4 was discovered in Italy and France. Serotypes
1,2 and 16 have also been detected in the Mediterranean region. Serotype 3 was present
only in Sicily and Sardinia, but after a decade of bluetongue-free status, the presence
of this serotype was confirmed in the Netherlands in 2023, when clinical symptoms
and deaths occurred in sheep and cattle. The origin and route of introduction of the
virus are unknown, as is the competent species of Culicidae as a vector (Holwerda et
al., 2023). In Italy, small ruminants were affected, while the disease in cattle was
mainly subclinical. However, in the Netherlands, the disease spread rapidly and the
same serotype 3 caused a severe clinical picture and high mortality in affected sheep
and cattle.
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There are several possible routes of introduction of bluetongue into the country: import
of live animals through legal or illegal trade, import of reproductive material,
movement of wild animals, wind-borne vectors, introduction of vectors by means of
transport or use of attenuated vaccines. The route of introduction of the virus into the
Netherlands is still unclear, but it is thought that serotype 3 was introduced into Italy
by infected vectors carried by the wind from Tunisia (Holwerda et al., 2023). Under
favourable meteorological conditions, Culicoides can be carried by air currents over
distances of up to 700 km over sea and 500 km over land (Eagles et al., 2014; Garcia-
Lastra et al., 2012). In their study, Bibard et al. (2024a), assessed the risk of wind-borne
introduction of bluetongue virus (serotype 3) from Sardinia to continental Europe. The
risk of vector spread from Sardinia was estimated to be limited to the Mediterranean
region, mainly potentially affecting the southwestern area of the Italian peninsula,
Sicily, Malta and Corsica, and even northern and central Italy, the Balearic Islands and
continental France and Spain.

Epizootic hemorrhagic disease
Epizootic hemorrhagic disease is a disease of domestic and wild ruminants caused by
the epizootic hemorrhagic disease virus belonging to the genus Orbivirus. Epizootic
hemorrhagic disease was first described in 1955 in New Jersey, USA, when a large
number of white-tailed deer were affected, and the virus causing the disease was
isolated in the same year (Maclachlan et al., 2015). Over the following decades, the
virus spread to other continents (Jiménez-Cabello et al., 2023). Epizootic hemorrhagic
disease virus, related to bluetongue virus, has a double-stranded RNA with ten
segments, is non-enveloped and 80 nm in size. To date, seven serotypes of the virus
have been identified (1, 2, 4-8), and there are two more, potentially new serotypes
discovered in South Africa and China (Yang et al., 2020). The disease occurs
seasonally, from mid-summer to late autumn, in enzootic areas every 2 to 3 years, and
epizootics occur every 8 to 10 years. Differences in these cycles can be explained by
the combined effects of population immunity, animal transport and fluctuations in the
vector population (Becker et al., 2024). The prevalence depends on the presence and
abundance of Culicidae, the immunity and susceptibility of susceptible individuals. In
enzootic areas, it causes significant morbidity and mortality in deer, which are highly
susceptible, and losses can be up to 90%. Although cattle are somewhat less susceptible
and the disease usually has a subacute course and a milder form, losses occur in the
dairy industry, and in the last two decades there has been an increasing number of
clinical cases of the disease in this species of animals (Jiménez-Cabello et al., 2023).
The disease occurs in different forms depending on the serotype of the virus: in white-
tailed deer it can occur as asymptomatic, with mild symptoms, up to severe
hemorrhagic disease and death (Avelino de Souza Santos et al., 2023). The most
common symptoms of epizootic hemorrhagic disease are: fever, weakness, lack of
appetite, ulcerations of the oral mucosa, increased salivation, difficulty swallowing,
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rash on the udder, bleeding, redness of the hoof skin, difficulty breathing, swelling of
the tongue, exophthalmos, tachycardia, tachypnea, enlarged lymph nodes, pulmonary
edema, lameness, difficulty moving and standing, and sudden deaths within 36 hours
are possible, which occurs especially in deer. In wild ruminants, facial swelling, bloody
diarrhea and hematuria, dehydration, and conjunctival hyperemia may also occur.
Major epizootics occurred in Japan in 1959 and 1997 (Ohashi et al., 1999), but in recent
years there has been an increasing number of cases in the USA, Asia, the Middle East,
North Africa, and Mediterranean countries (Jiménez-Cabello et al., 2023). Although
the disease has mainly occurred in wild ruminants in the USA (serotypes 1, 2, and 6),
the disease has also occurred in cattle in Asia (serotype 2 in Japan), the Middle East
(serotype 7 in Israel, 6 in Turkey and Oman), and North Africa (serotype 6 in Tunisia,
Morocco, and Algeria). Serotype 8 was originally identified in Australia in 1982 and
has not been reported in any country since then until late 2021 when clinical cases
appeared in cattle in Tunisia (Sghaier et al., 2023). The disease first appeared in Europe
in Sardinia and southern Spain in late 2022 and, despite a ban on animal movements
and increased surveillance, in France in September 2023. The serotype of the virus
from Italy is genetically identical to the serotype originating in Tunisia. This similarity
of serotypes suggests that the virus was transmitted from North Africa to Southern
Europe (Lorusso et al., 2023). Vaccines against serotypes 1, 2 and 6 are available in
some parts of the world (Kampen and Werner, 2023). The lack of a vaccine in Europe
poses an additional threat to countries free of this disease.

African horse sickness
African horse sickness is a viral disease of equidae that circulates among horses,
donkeys, zebras and mules in enzootic areas of sub-Saharan Africa (Mellor and
Hamblin, 2004). The causative agent of African horse sickness is Orbivirus, a non-
enveloped virus of approximately 70 nm in size that possesses segmented double-
stranded RNA. To date, there are nine serotypes of African horse sickness virus (Drolet
et al., 2022). Only equidae are susceptible to African horse sickness. The disease is
usually subclinical in zebras and African donkeys, with zebras and other wild ungulates
considered natural reservoirs of the virus (Zientara et al., 2015). In horses, the disease
can manifest in three different forms, with a high mortality rate of up to 90%. African
horse sickness is manifested by fever, edema, sweating, difficulty breathing, coughing
fits, frothy nasal discharge, swelling in the head, bleeding, and colic (Carpenter et al.,
2017). African horse sickness occurs enzootically in sub-Saharan Africa, but the
disease has also occurred in North Africa, the Middle East, India, and southern Europe.
The largest recorded epizootics occurred in South Africa (17th century), when 70,000
animals died, and in the Middle East (1959-1961), when 300,000 infected animals died
(Carpenter et al., 2017; Mellor and Hamblin, 2004). The first cases of African horse
sickness in Southeast Asia, in Thailand, were reported in 2020 (Bunpapong et al.,
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2021). Attenuated vaccines are used to control the disease (Kampen and Werner, 2023),
which would not be an acceptable scenario in the event of an outbreak in Europe.

CONCLUSION

After the introduction of infectious Culicoids into a new territory, it is necessary for
the vectors to adapt and then transmit the virus to a susceptible animal species by biting,
or for the imported viremic animals to come into contact with a sufficiently large
population of indigenous Culicoids to make virus transmission possible. Climate
change will lead to the expansion of diseases caused by orbiviruses and their
occurrence in countries that are free from the disease in such a way that the increase in
average air temperatures will affect the expansion of the vector's range, prolonging the
period of their activity, shortening the extrinsic incubation period and facilitating the
overwintering of the virus. This is exactly the scenario that was recorded in 2006, when
the highest air temperatures since the beginning of systematic temperature recording
were measured and when there was a sudden spread of bluetongue disease. From a
prevention and control perspective, it is very important to educate and train
veterinarians and farmers about the clinical manifestations of diseases caused by
orbiviruses, especially those that are notifiable and have not appeared for a long time,
as many veterinarians may not have had the opportunity to see clinical symptoms in
their practice. Given that there is no adequate therapy, and often no effective vaccine,
efforts should be done to develop organizational, structural and vector control
measures. Control of arboviruses transmitted by Culicoides depends on several factors
such as the economic impact of the disease, the possibility of the arbovirus surviving
in a certain territory, the existence of an effective vaccine, and may include euthanasia,
bans on the movement and trade of animals, control of the number of arthropods, as
well as reducing contacts of susceptible animals with biological vectors.
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