Viral Culicoides-borne diseases: an underestimated
risk?

Maladies virales transmises par les Culicoides : un risque
sous-estimeé ?

Jeanne Brugére-Picoux! 23, Hervé Bourhy?3+4, Serge G. Rosolen???, Jean-Luc Angot?3¢, Yves Buisson?,
Francois Rodhain??, Vincent Jarlier®, Denis Malvy?7

Manuscrit initial recu le 5 aofit 2025, manuscrit révisé recu le 19 octobre 2025 et accepté le 21 octobre 2025,
révision éditoriale le 30 décembre 2025.

Over the past two decades, three exotic arboviruses transmitted by Culicoides have been introduced into
Europe. They are primarily responsible for bluetongue (BTV), Schmallenberg disease (SBV), and epizootic
haemorrhagic disease (EHDV), which were previously absent. While the origin of EHDV contamination in
French cattle is known, as it was first prevalent in Spain, the same cannot be said for the various serotypes
of BTV that have appeared in Europe since 2006, or for SBV. However, it is necessary to better understand
the risks of importing these exotic vector-borne viruses, which could find a local vector in Europe, in order to
more effectively control these emerging diseases. This research is of utmost importance given that Oropouche
fever, also transmitted by Culicoides, reappeared in human populations in South America in 2024. Some
cases of emergence are well documented, but others remain to be elucidated. It is important to confirm or
refute the hypothesis of introduction through the flower trade in the Netherlands, given the successive epizootic
waves observed since 2006, particularly for bluetongue.
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Au cours des deux dernieres décennies, trois arbovirus exotiques transmis par les Culicoides ont été introduits
en Europe. lls sont responsables de la fievre catarrhale ovine (BTV), de la maladie de Schmallenberg (SBV)
et de la maladie hémorragique épizootique (EHDV), dont I'Europe était auparavant indemne. Si I'origine de
la contamination par I'EHDV chez les bovins frangais est connue, puisqu'elle fut d’abord prévalente en
Espagne, il n'en va pas de méme pour les différents sérotypes de BTV apparus en Europe depuis 2006, ni
pour le SBV. Il est toutefois nécessaire de mieux comprendre les risques d'importation de ces virus exotiques
transmis par des vecteurs, qui pourraient trouver un relais avec des vecteurs indigenes en Europe, afin de
mieux contrOler ces maladies émergentes. Ces recherches sont d'autant plus essentielles que la fiévre
d'Oropouche, également transmise par les Culicoides, est réapparue chez 'Homme en Amérique du Sud en
2024. Certains cas d'émergence sont bien documentés, mais d'autres restent a élucider. |l importe de
confirmer ou d’infirmer I'hypotheése d'une introduction par le commerce des fleurs aux Pays-Bas, face aux
vagues successives observées depuis 2006, notamment pour la fievre catarrhale ovine.

Mots-clés : Culicoides, fievre catarrhale ovine, maladie de Schmallenberg, maladie hémorragique épizootique,
fievre d’Oropouche, importation, marché mondial des fleurs
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Introduction

In recent years, the increase in trade and travel has led to a rise in the prevalence of emerging and re-emerging
diseases in both humans and animals. Most of these diseases affect multiple species, and approximately 75% of
them are zoonotic, emerging at the intersection of wildlife, domestic animals, and humans. On 24 November
2009, physicians and veterinarians gathered at the French National Academy of Medicine (ANM) for a session on
“Risks of importation and establishment of exotic infectious diseases in Europe,” exploring the concept of “One Health,”
which remains highly relevant today. Questions were addressed at the time about the impact of climate change,
in the context of the local and regional threat posed by the establishment of Aedes albopictus in Italy and southern
France, and the resulting risk of chikungunya and dengue fever. Nail was put on the underestimated risks of vector-
borne diseases (Brugere Picoux & Rey 2010).

Over the last two decades, three exotic arboviruses transmitted by Culicoides have been introduced into Europe,
despite the continent having been previously free of them. These are the agents responsible for bluetongue (BT
with various serotypes), Schmallenberg disease (SB), and epizootic hemorrhagic disease (EHD) in cattle. The
emergence of these epizootics has been a significant economic disaster for livestock farmers and has demonstrated
the possibility of an autochthonous relay for these ruminant diseases. Among the 83 species of Culicoides known
in Europe, several are suspected of transmitting these viruses, including Cu. imicola, Cu. obsoletus, Cu. scoticus,
Cu. punctatus, Cu. dewulfi, Cu. pulicaris, Cu. chiopterus (Carpenter et al. 2013; Cuellar et al. 2018).

While the origin of EHD contamination in French cattle is known, as it was prevalent in Spain, the same
cannot be said for the various BTV serotypes that have appeared in Europe since 2006, or for SBV. However,
further research is required to better understand the risks associated with the introduction and establishment of
these exotic vector-borne viruses in Europe.
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The geographical origins of certain primary bluetongue outbreaks underscore the potential role of air travel in their spread,
although introduction via road and sea transport must also be considered (e.g. exotic flowers?). Similar to epidemiological studies
on diseases transmitted by mosquitoes or ticks, it is essential to employ similar methods to accurately determine the precise origin
of these exotic Culicoides-transmitted viruses, thereby preventing new epizootic outbreaks. This research is all the more important
given the recent re-emergence of Culicoides-transmitted Oropouche fever in humans in South America in 2024. A scenario

similar to that of BT must be avoided or drastically mitigated for public health reasons.

Main animal diseases transmitted by Culicoides

Since their introduction in Europe in 1998, vector-borne pathogens transmitted by Culicoides have been neglected. The main
diseases concerned are caused by different Orbiviruses—e.g. BTV, EHDV, and African horse sickness virus (AHSV)—and the
Orthobunyavirus SBV. The severity of the symptoms observed in ruminants, such as hyperthermia, hemorrhagic lesions, abortions,
and congenital malformations, has often justified the implementation of emergency vaccination campaigns to stop the
geographical spread of the virus.

Bluetongue (BT)

The BT virus comprises numerous serotypes; the most common ones, numbered 1 to 24, are transmitted by Culicoides, while 12
others, numbered 25 to 36, were identified later. The related disease, already present in Africa, Asia, and America, reached the
Mediterranean region in 1998. It is highly likely that Culicoides present and circulating in neighboring countries, such as Tunisia,
were carried by the sirocco wind to Sicily, Sardinia, and Corsica. The wind is also probably responsible for spreading BTV from
Morocco to Spain and then throughout Europe (Zientara et al. 2013).

Emergence of BTV 8 in 2006 in the Netherlands, Belgium, and Germany

The unexpected emergence of serotype 8 (BTV 8) in the Maastricht region in 2006 surprised epidemiological experts. BTV-8
was first described in the Netherlands (European Commission 2006a); it was subsequently identified a few days later in Germany
(European Commission 2006b) and near in Belgium near Maastricht (Saegerman et al. 2010). Its rapid spread indicated
transmission by indigenous European vectors and justified the implementation of emergency vaccination. However, although a
specific vaccination protocol was designed, it was delayed due to a lack of vaccine doses (avis de I’Anses 2007-SA-0295).

In parallel with this surprising emergence in northern Europe, it should be noted that BTV 1, previously present in Spain, had
also reached France, necessitating emergency vaccination against this serotype.

Emergence of BTV 6 in 2008 in the Netherlands and Germany

In October 2008, a new serotype, BTV 6, was detected in the Netherlands and Germany, and was identified by the European
Community Reference Laboratory (ECRL) at the Pirbright Institute in the UK. It was a South African vaccine virus (Eschbaumer
et al. 2010). The restriction zone established when the first case was reported in the Netherlands extended beyond the Dutch
border into Lower Saxony, which was very quickly affected (Eschbaumer 2010).

Emergence of BTV 11 in Belgium in 2008

The search for the cause of a cow abortion in Belgium led to the detection of a new virus, BTV 11 (de Clercq et al. 2009).
Although the source of the infection remains unknown, it is worth noting that this virus was found in the same geographical
area where BTV 8 and BTV 6 emerged in 2006 and 2008, respectively. A few cattle were tested positive. It is possible that
infected animals may have benefited from some protection through vaccination against BTV 8.

Emergence of BTV 14 in Poland in 2012
A new serotype originating from a vaccine strain (BTV 14) appeared in Poland in 2012. It was found in Russia, Lithuania, and
Spain (in an animal imported from Lithuania). All cases were subclinical (Ortowska et al. 2016).

Emergence of BTV 3 in 2023 in the Netherlands and Germany (Figure 1)

Since August 5, 2024, France has been experiencing a new serotype (BTV 3), which had previously emerged in the Netherlands
(Holwerda et al. 2004). This required the implementation of an emergency insect control campaign combined with specific
vaccination. This BTV 3 strain first appeared in Germany on 12 October 2023 in the district of Kleve, located near the Dutch
border. It then spread during the seasonal activity of the vectors in spring 2024 (Voigt et al. 2024). It should be noted that an
autogenous vaccine used in Germany against BTV 3 caused a few additional cases of vaccine-associated BT.
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Figure 1. First isolations in the Netherlands of serotypes BTV 3 (in 2023) and BTV 12 (in 2024). Dutch Ministry of Agriculture
(Holwerda et al. 2004)

Emergence of BTV 12 in the Netherlands in 2024

In December 2024, a new serotype (BTV 12) was identified in sheep that had been vaccinated against BTV 3. This demonstrates
that the epidemics are not over (van den Brom et al. 2025). The latest BTV 12 outbreak was limited to just over a dozen cases
in the Netherlands in 2024. In the absence of a vaccine for this serotype, and given that an outbreak was observed in the UK in
February 2025, a high level of vigilance is required across Europe to track this serotype.

Special case of the epidemiology of bluetongue in France

Other BTV serotypes have been isolated in France. Of particular note is serotype 4, which is present in Corsica (likely originating
from Sardinia) and was introduced via viremic cattle to Haute-Savoie in 2017.

BT is an ongoing issue: emergency vaccination during the 2006 BTV 8 epidemic enabled France to regain its disease free status,
which was lost again when the virus re-emerged in 2015 (De Clercq et al. 2021). The 2006 BTV 8 strain remained present in an
enzootic form, rarely causing clinical signs. However, a new strain of the same serotype emerged in Aveyron in September 2023,
which was clinically more severe. Research conducted by the National Reference Laboratory (LNR) for BTV at the Animal
Health Laboratory, ANSES (French Agency for Food, Environmental and Occupational Health & Safety), revealed that the
2023 BTV 8 strain was genetically similar to those circulating in Africa and the Middle East.

Significance of the number of serotypes introduced into Europe since 1998
In total, several BTV serotypes (1, 2, 3, 4, 6, 8, 9, 11, 12, 14, 25, 27) have contaminated Europe in the last two decades. The
origin of several of these serotypes in Europe remains unclear.

Schmallenberg disease (SB)

SB, which is caused by an orthobunyavirus that was first identified in Schmallenberg, Germany, emerged in the Netherlands
in the Maastricht region and in Germany during the summer of 2011. It followed a similar geographical pattern to the 2006 BT
epidemic, affecting 27 countries; however, the origin of the virus was never officially identified (Wernicke et al. 2014; Wernicke
& Beer 2017). SBV is similar to Akabane virus, which is named after the neighborhood in Japan where it was first identified. It
is also characterized by its teratogenic effect in ruminants. SBV is also closely related to the Oropouche virus (OROV), which
is responsible for a re-emerging human disease in South America and the Caribbean in 2024. The emergence of SBV, a previously
unknown virus, prompted the World Organisation for Animal Health (WOAH) to update its alert system for emerging animal
diseases that require reporting. France was affected at the end of January 2012.
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Epizootic hemorrhagic disease (EHD)

EHDV is an arbovirus that affects cattle and certain wild ruminants, mainly white-tailed deer (Odocoileus virginianus) in the
USA. It should be noted, however, that this is not the case in France for this species. Sheep, goats, and camelids may also be
susceptible. EHD is found worldwide, including North America, South America, Asia, and Africa. Europe was free of the disease
until 2022.It first appeared in countries in the Mediterranean region (gradually spreading to the countries of the Maghreb, Sicily,
and the Iberian Peninsula).. France saw its first outbreak (serotype EHDV 8) in September 2023 in the Pyrénées-Atlantiques
county. This was likely due to the presence of the virus in Spain, which was transmitted by wind-borne Culicoides (Bibard et al.
2024). An emergency vaccination campaign was launched in a restricted area to halt the spread of the epidemic. Within 10 days,
by 28 September 2023, the National Reference Laboratory (LNR) for BTV at the Animal Health Laboratory, ANSES, had
mobilized a network of 14 laboratories (and subsequently more than 50) to carry out thousands of PCR tests to diagnose EHD
(Zientara 2025, personal communication).

African horse sickness

Europe is currently free of African horse sickness, but the causative arbovirus (AHSV), which is very similar to that of BT, is
also transmitted by Culicoides. The risk cannot be ruled out, as the disease was imported to a Spanish zoo via infected zebras from
Namibia in 1987 (Mellor et al. 1990). Portugal was subsequently infected. The first appearance of this disease in Thailand in
2020 is also thought to be due to the importation of South African zebras (Nelson et al. 2022).

Routes of introduction of these viruses transmitted by Culicoides

Given the significant economic consequences of these viral diseases affecting ruminants and equines, it is important to
understand the risks associated with the introduction of these viruses transmitted by Culicoides. While some cases of emergence
are well documented, others remain to be elucidated (Maintiens et al. 2008; Carpenter et al. 2013; Napp et al. 2013; Brugere-
Picoux & Angot 2020).

Wind-borne transmission of Culicoides
We have previously ascertained the probable origin of the first cases of BT that appeared in the circum-Mediterranean region via
the wind (Stokes et al. 2016). This wind also explains the ease with which infected vectors spread, particularly across borders.

Importation of infected hosts

Most often, these are zoo animals, as was the case with the introduction of African horse sickness to Spain. Similarly, Haute-
Savoie was contaminated by BTV 4 following the introduction of an infected cow from Corsica. However, it is essential to consider
animal transports throughout Europe, their origins, and transit sites, particularly.

Disease caused by an indigenous or imported vaccine strain
An example of this occurred in Germany in 2023, with an autogenous vaccine against BTV-3, and in the Netherlands in 2008,
with an insufficiently attenuated vaccine strain against South African BTV 6.

Transport of Culicoides via a commercial network

The potential transport of infected Culicoides via commercial trade networks is a significant aspect of BT epidemiology that has
not yet been adequately considered. However, the spread of pathogens via trade is well known, as seen in the transport of tiger
mosquitoes. For example, tires transported from one continent to another act as water reservoirs, facilitating the reproduction of
mosquitoes. Air traffic has often been implied in the importation of certain exotic diseases into the airport environment (e.g.
malaria).

While the trade in plants and flowers is often cited for the associated risks of importing pathogens for these plants, it is also
responsible for introducing insects or other animal species, such as the northern Andean tree frog (Dendropsophus norandinus)
and the Sicilian lizard (Podarcis siculus), which has become an invasive species (Hinsley & Petrovan 2025). As these discoveries
are random, the risks associated with these imports are certainly underestimated. The risk of importing pathogen vectors via
flowers, which can lead to the contamination of native insects, has been mainly studied in relation to bee diseases (Adler et al.
2021). However, other pollinating insects, such as Culicoides, have been overlooked, despite the fact that they can carry agents
of human or animal diseases. Compared to mosquitoes, Culicoides are often overlooked due to their small size. Therefore, the
available data on these vectors is rather limited. We cannot rule out the possibility of orbivirus transmission through the presence
of these viruses in organic matter associated with plants where Culicoides are found, via their excrement, eggs, or nymphs.
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The Netherlands, a hub for the world flower trade

Several index cases of BT and SB have often emerged in the Netherlands, which is the hub of the world flower trade. This may
be associated with the importation of Culicoides pollinating insects. While some flowers may be transported by road over short
distances, the majority arriving in this global Dutch trade hub transit through platforms located near airports to facilitate the
rapid transit of these perishable products.

The chronology of the emergence of index cases of BT and SB in the Netherlands is shown in parallel with the evolution of flower markets
(Figure 2)

The index cases of BTV 8 appeared in the Netherlands in 2006, and then rapidly spread to Germany and Belgium, in the same
geographical area where the index cases occurred in these countries in 2008, during the emergence of BTV 6. The same was true
for the emergence of SB in the Netherlands in 2011. This geographical location is in the province of Limburg, in the south of
the Netherlands, near Maastricht and not far from Venlo. According to Boyer (2012), Venlo was still the global hub for flower
auctions at that time.

On 1 January 2008, the merger of flower markets, including those in Venlo and Aalsmeer, with the company “FloraHolland”
resulted in the formation of a new flower exchange (Cessou 2007). This auction is located in Aalsmeer, nicknamed the “Wall
Street of flowers,” 15 km far from Schiphol International Airport near Amsterdam.

Alongside this regrouping, “The Venlo market chose to focus on fruit and vegetables, and FloraHolland abandoned the flower auction.
Curiously, it was in this city that the Netherlands organised the ‘Floriade,” a huge horticultural exhibition that takes place only once every
ten years, from April to October 2012. However, FloraHolland has maintained a flower market in the same region through a partnership
with the German company Landgard. This market is located 10 minutes from Venlo, but on the German side of the border in Herongen.”
(Boyer 2012). The maintenance of a large flower market near Venlo could explain the emergence of SBV in 2011, which spread
across Europe, similar to BTV 8 and BTV 6.

The emergence of BTV 3 in 2023 and BTV 12 in 2024 near the current world flower trading hub in Aalsmeer further supports
the hypothesis of airborne importation of Culicoides, which has not yet been formally ruled out. This is particularly pertinent
given that the reasons for the arrival of these viruses in the Netherlands were unclear 20 years ago.
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Figure 2. Chronology of the emergence of index cases of BT and SB in the Netherlands, alongside the development of flower markets
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How can the hypothesis of a risk linked to the flower trade be confirmed in order to clarify the origin of BT and SV in this country?
“It is evident that the limited surveillance measures applied to flower imports by air—such as the trapping of Culicoides near containers,
within cargo aircraft transporting flowers, at the Aalsmeer auction, or in other flower markets—fail to provide additional insights necessary
to address this question.”

This hypothesis is not new; we previously proposed it after BTV 8 and BTV 6 first emerged in the Netherlands (Brugere-
Picoux & Angot 2012).

Admittedly, studies on ticks and mosquitoes have been a priority until now, but the economic problems associated with BT,
EHD, and SB justify investigating the origins of this emergence of diseases and establishment in Europe over the past 20 years
(Figure 3).

In Europe, the importance of Culicoides in public health is limited to the nuisance caused by their bites, which are mainly
inflicted by a single species, Cu. impunctatus (Carpenter et al. 2013).
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Figure 3. The presence of different BTV in Europe in January 2025

Re-emergence of Oropouche disease in 2024

The current threat posed by OROV, primarily transmitted to humans by a culicoid midge, underscores the need to investigate
the risk factors for the introduction and establishment of this vector, which has been largely neglected until now.

Few viruses recognize Culicoides as their primary vector and are transmitted to humans. The best-known example is OROV,
which spread in 2024 to infected and previously unaffected countries, resulting in more severe clinical manifestations, such as
death, miscarriages, and microcephaly. This demonstrates that the importance of this viral disease may have been underestimated.
The infection of travelers from the Americas and Europe justified the issuance of a global alert. However, uncertainties regarding
the epidemiology of arboviruses and the vector competence of Culicoides make it impossible to assess the risk of OROV entering
Europe (Brugere-Picoux et al. 2025). The main vector of OROV across the Atlantic is Cu. paraensis, which has not yet been
identified in Europe. But can the possibility of Cu. impunctatus acting as a relay for OROV in Europe be formally ruled out?
Nevertheless, the risk seems lower given the seasonal activity of this Culicoides species, as opposed to the year-round activity of
Cu. paraensis in Brazil.

Another risk: is a reassortment between OROV and SBV possible?

When SBV first appeared in Europe, one of the primary concerns was the zoonotic risk associated with this emerging disease,
given the similarities between SBV and OROV (Brugere-Picoux & Angot 2012). The British health authorities advised pregnant
women to avoid contact with sick animals. However, European authorities considered that there was no zoonotic risk. However,
the possibility of reassortment between OROV and SBV viruses is considered likely. This could lead to the emergence of a new
Simbu virus with zoonotic potential (Wesselmann et al. 2024).

Unlike BT, SB has remained endemic in continental Europe. SBV appeared to have been eliminated after its emergence in
2011, but the virus was observed to recirculate in summer 2014 and again in 2016 in Germany. The significant presence of the
virus led to a resurgence of congenital malformations in non-immune cattle during the following winter (Wernicke et al. 2015).
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When BTV-3 appeared in Germany in 2023, testing of Culicoides trapped in contaminated areas near the Dutch border (in
North Rhine-Westphalia and Lower Saxony) confirmed the persistence of high SBV vector circulation (Voigt et al. 2024). Today,
SBV has an endemic status in Central Europe (Zeiske et al. 2025).

Conclusion

The problem of animal diseases transmitted by Culicoides is a constant concern in Europe. In France, in January 2025, all

departments were infected with EHDV, BTV 8, BTV 4, or BTV 3, with two or three of these viruses potentially present in the
same department at the same time (the BT vaccination campaign will mainly target serotypes 1, 3, and 8).
The survival of Culicoides during the winter period (overwintering) may raise concerns about the potential spread of BTV 12,
which emerged in the Netherlands at the end of 2024. Unvaccinated wild ruminants may continue to serve as a reservoir for the
virus. Other viruses may emerge in Europe in animals (e.g. a new serotype of BTV or AHSV) or even in humans (e.g. OROV),
but it is not known when.

These viral outbreaks in Northern Europe, particularly in the Netherlands, require serious investigations to assess the risk of
new emerging infections for both animals and humans. Finding the origin of these outbreaks would address a long-standing
knowledge gap. The hypothesis that viruses may have been introduced through the flower trade requires thorough investigation.
However, if this is the case, insect control of commercial flowers could create another public health problem.

In a “One Health” approach, it is crucial to maintain knowledge sharing between veterinarians and physicians regarding

animal or human vector-borne diseases with zoonotic potential. This requires the development of improved surveillance and
prevention strategies for these diseases, regardless of whether their vectors are mosquitoes, ticks, or Culicoides.
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