Taylor & Francis
Taylor & Francis Group

Veterinary Quarterly

ISSN: 0165-2176 (Print) 1875-5941 (Online) Journal homepage: www.tandfonline.com/journals/tveq20

Bluetongue virus in carnivores: expanding the
host range and implications for disease ecology

Aziz Ul-Rahman, Muhammad Zubair Shabbir & Jonas Johansson Wensman

To cite this article: Aziz UI-Rahman, Muhammad Zubair Shabbir & Jonas Johansson Wensman
(2025) Bluetongue virus in carnivores: expanding the host range and implications for disease
ecology, Veterinary Quarterly, 45:1, 2588740, DOI: 10.1080/01652176.2025.2588740

To link to this article: https://doi.org/10.1080/01652176.2025.2588740

© 2025 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

ﬁ Published online: 24 Nov 2025.

N
[:J/ Submit your article to this journal &

||I| Article views: 185

A
& View related articles &'

PN

@ View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tveq20


https://www.tandfonline.com/journals/tveq20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01652176.2025.2588740
https://doi.org/10.1080/01652176.2025.2588740
https://www.tandfonline.com/action/authorSubmission?journalCode=tveq20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tveq20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/01652176.2025.2588740?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/01652176.2025.2588740?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/01652176.2025.2588740&domain=pdf&date_stamp=24%20Nov%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/01652176.2025.2588740&domain=pdf&date_stamp=24%20Nov%202025
https://www.tandfonline.com/action/journalInformation?journalCode=tveq20

VETERINARY QUARTERLY e Taylor & Francis

2025, VOL. 45, NO. 1, 1-11 f
A Taylor &Francis Group
https://doi.org/10.1080/01652176.2025.2588740

8 OPEN ACCESS ‘ N Checkforupdates‘

Bluetongue virus in carnivores: expanding the host range and
implications for disease ecology

Aziz Ul-Rahman?, Muhammad Zubair Shabbir® and Jonas Johansson Wensman<¢

?Faculty of Veterinary and Animal Sciences, MNS University of Agriculture, Multan, Pakistan; PInstitute of Microbiology,
University of Veterinary and Animal Sciences, Lahore, Pakistan; “Department of Animal Biosciences, Swedish University of
Agricultural Sciences, Uppsala, Sweden; Department of Microbiology, Swedish Veterinary Agency, Uppsala, Sweden

ABSTRACT ARTICLE HISTORY
Bluetongue (BT), caused by the Bluetongue virus (BTV), is a vector-borne disease that Received 28 June 2025
primarily affects domestic and wild ruminants and is recognized globally for its Accepted 7 November
significant impact on animal health, livestock productivity, and the economy. While 2025

traditionally considered as a disease confined to ruminants, recent evidence reveals that KEYWORDS

BTV has a broader host range, expanding to atypical species, including carnivores. This Bluetongue; carnivore;
review consolidates current knowledge on natural and experimental BTV infection in host expansion; natural

atypical hosts, with particular emphasis on carnivores. The occurrence of acute or infection; experimental
subacute infections, together with the detection of BTV-specific antibodies and viral infection; epidemiological
RNA in carnivores such as dogs and lynx, points to a broader ecological interface. role

Expanding our understanding of BTV infection beyond classical ruminant hosts is
essential for refining surveillance and control strategies, and for anticipating shifts in
disease ecology under changing environmental and epidemiological conditions.

1. Introduction

Bluetongue (BT) is an arthropod-borne viral disease of domestic and wild ruminants that remains a sig-
nificant threat to global livestock health (MacLachlan 2011; Sperlova and Zendulkova 2011). It is recog-
nized as a notifiable disease under the World Organization for Animal Health (WOAH) Terrestrial Animal
Health Code, and all confirmed cases must be reported to the organization. Historically, the disease was
first observed in sheep in South Africa, where it caused devastating outbreaks among susceptible flocks.
This disease was initially described using various names such as ‘Malarial Catarrhal Fever, and ‘Epizootic
Catarrh of Sheep. The term ‘bluetongue’ (also spelled blue tongue or blue-tongue) was later adopted
because of the striking clinical sign of a cyanotic swollen tongue observed in affected sheep in Africa.
Early written descriptions of the disease from the late 19th and early 20th centuries (Spreull 1905),
helped establish BT as a distinct disease entity and laid the groundwork for later virological studies
(Afshar 1994).

Clinically, BT is characterized by fever, facial edema, nasal discharge, mucosal hemorrhages, lameness,
and coronitis, with sheep being the most severely affected species (MacLachlan et al. 2009). In fatal
cases, animals may develop a congested, swollen tongue that takes on a bluish discoloration due to
vascular damage and hypoxia, which gave the disease its name. While sheep exhibit the most dramatic
clinical signs, cattle, goats, and other ruminants usually experience milder or subclinical infections
(Schwartz-Cornil et al. 2008). However, domestic cattle are now recognized as important reservoirs of
BTV, as they can sustain prolonged viremia without obvious illness, thereby contributing to the mainte-
nance and spread of the virus within susceptible populations (Qi et al. 2025). It is endemic in tropical
and subtropical regions where competent Culicoides midges are present year-round, while seasonal
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incursions occur in temperate regions during the summer/warm months, coinciding with peak vector
activity (MacLachlan 2011). However, recent outbreaks of BTV in Europe subsided with the onset of
cooler weather, suggesting the potential for viral overwintering coinciding with the predicted start of
vector-host transmission (Wilson et al. 2007). BTV outbreaks suggest that the virus may persist through
infected vectors, subclinically infected cattle, or infected bovine fetuses, highlighting the complex epide-
miology of BTV in temperate regions and underscoring the need to consider these mechanisms in
understanding its distribution and re-emergence across Europe.

The disease reduces productivity through weight loss, reduced milk yield, abortions, infertility, and in
severe cases, high mortality (Ganter 2014). Beyond direct animal health impacts, international trade
restrictions on live animals and animal products from affected regions further amplify economic losses.
BTV infection is estimated to cause an annual economic loss of USD 3 billion globally, including over
USD 125 million in the USA.

The causative agent of BT is Bluetongue virus (BTV) (species Orbivirus caerulinguae) that belongs to
the genus Orbivirus within the family Reoviridae (MacLachlan 2011; Matthijnssens et al. 2022). It is a
non-enveloped virus with a genome composed of double-stranded (ds) RNA segments, which encode
seven structural (VP1-VP7) and five additional non-structural proteins (NS1, NS2, NS3/NS3a, NS4 and
NS5). The virus particle is spherical with an icosahedral symmetry and is made of an outer capsid (con-
sisting of VP2 and VP5 proteins) and a double-layered core (VP3 forms the inner layer of the core and
VP7 forms the outer layer of the core). VP2 and VP5 are responsible for host cell binding and viral entry
in both mammalian hosts and insect vectors (Schwartz-Cornil et al. 2008). Precisely, VP2 plays the most
significant role for serotype specificity by carrying the neutralizing epitopes (Stewart et al. 2015). The
sequence variability of VP2 determines the virus's antigenic diversity and forms the basis for the classifi-
cation of BTV into at least 36 distinct serotypes (Ries et al. 2021). Wild ruminants have also been recog-
nized as potential reservoirs, though their relative contribution to BTV circulation remains unclear. Several
studies have documented BTV exposure among wildlife under natural and captive conditions (Rossi et al.
2014). Moreover, BTV-associated clinical disease and mortality have been reported in carnivores, includ-
ing endangered species (Millan et al. 2009; Caballero-Gémez et al. 2024; Barros et al. 2025). However, the
role of carnivores in the transmission cycle of BTV is still poorly understood. In this review, we summarize
recent findings of natural and experimental BTV infections in carnivores, with a focus on vector-borne
and interspecies transmission dynamics.

2. Historical emergence and global distribution

BTV was first reported in the Cape Province of South Africa in 1876, following the introduction of
European Merino sheep for intensive farming. The disease name ‘Bluetongue’ is derived from the Afrikaans
term ‘bloutong’ or ‘blaauwtong, coined by local farmers to describe the cyanotic appearance of the
tongue in affected animals (Spreull 1905). In 1933, the virus was first diagnosed in cattle (Bekker et al.
1934). Because of its clinical resemblance to foot-and-mouth disease, it was initially referred to as
‘pseudo-foot-and-mouth disease, ‘seerbeck, or ‘sore-mouth’ (Bekker et al. 1934). Initially confined to South
Africa and other Sub-Saharan African regions, the virus gradually spread beyond the continent. The first
major epidemic outside Africa occurred in Cyprus in 1943 (Gambles 1949), followed by outbreaks in Asia,
the Middle East, North America, and Southern Europe during the mid-twentieth century (Walton 2004).
The virus subsequently appeared in Australia (1977), South America (1980s), and has since become
established in Central America, Asia, and the Mediterranean basin (MacLachlan 2004). Additional novel
serotypes of BTV have also recently invaded Israel and Australia, countries in which ongoing surveillance
over many years had confirmed an apparently stable cycle of annual BTV infection (Brenner et al. 2010;
Firth et al. 2017). In Australia, multiple serotypes circulated between 1979 and 1986, with additional
serotypes (BTV-2, -5, —7, =12, —16) emerging after 2007 and substantial transmission reported in New
South Wales (Firth et al. 2017; White et al. 2019, 2021; Gestier et al. 2023). In the Middle East, Israel
(2018-2020) reported nine serotypes, while Tunisia (2021-2022) and Cyprus (2022) confirmed new cases
(Barua et al. 2024). In North America, BTV-2 strains have spread from the southeastern to the western
United States, and novel strains have also emerged in the country through reassortment events
(MacLachlan et al. 2013; Gaudreault et al. 2014; Schirtzinger et al. 2018). Multiple serotypes are currently
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circulating in South and Central America and the Caribbean (Legisa et al. 2014; Legisa and Dus Santos
2021; Acevedo et al. 2024), although seroconversion has not always been preceded by reports of clinical
outbreaks (Navarro-Mamani et al. 2025). Interpretation of the BTV status of other regions of the world is
complicated by the lack of adequate surveillance in many areas, particularly throughout much of Africa,
Asia and the Middle East. However, there are data of multiple serotypes circulating in Zambia, India,
Pakistan, Nepal, China and Iran in more recent years (Chambaro et al. 2020; Haque et al. 2025).

Throughout much of the twentieth century, bluetongue outbreaks in Europe were sporadic and largely
confined to Southern regions. However, since 1998, the virus has expanded across Southern and
Mediterranean Europe, driven largely by climate change and the northward shift in Culicoides vector
distribution (Wilson and Mellor 2009). A major wave of outbreaks occurred between 1998 and 2002,
followed by the unexpected emergence of BTV in Northern Europe in 2006, beginning in the Netherlands
and rapidly spreading across northwestern Europe (Carpenter et al. 2009; MacLachlan 2010). After this
epidemic wave, the BTV re-emerged at different times and in multiple regions. From 2014 onward, out-
breaks were recorded in the Mediterranean basin, particularly in Italy, Spain, and the Balkans, while
Western Europe also experienced recurring activity from 2015 to 2024 (Nomikou et al. 2015; Sailleau
et al. 2017; Savini et al. 2017). These events highlight the continued circulation and re-introduction of
the BTV across Europe, even after earlier epidemics appeared to be under control. Most recently, in
September 2023, an outbreak was reported in the Netherlands, with rapid spread across Northern Europe
(Holwerda et al. 2024). By the end of 2024, the virus had been detected in several additional European
countries (Barua et al. 2024).

3. Virus transmission

Although over 1,000 species of Culicoides have been identified, fewer than 20 are considered competent
vectors for BTV transmission (Carpenter et al. 2009; McGregor et al. 2022). The global distribution of BTV
is largely determined by the ecological range of these vector species, which thrive in both tropical and
temperate climates. The most common transmission route to ruminants is through the bite of infected
hematophagous midges (MacLachlan 2011). Although Culicoides midges are weak fliers and rarely travel
long distances on their own (Mellor et al. 2000), windborne dispersal of infected midges can enable
long-distance spread, particularly across bodies of water, contributing to the incursion of BTV into previ-
ously uninfected regions, such as the southeastern United States from the Caribbean Basin (Johnson
2007; MacLachlan 2011; Burgin et al. 2013). Direct contact transmission, possibly via aerosols, has also
been demonstrated among livestock (Batten et al. 2014).

In carnivores, BTV infection has mainly been associated with oral transmission following ingestion of
infected tissues or meat rather than through Culicoides bites (Alexander et al. 1994; Jauniaux et al. 2008;
Barros et al. 2025). In domestic dogs, the European lynx, and possibly other carnivorous species, sporadic
cases have been linked to the consumption of infected placental tissues, aborted fetuses, or raw contam-
inated meat (Alexander et al. 1994; Barros et al. 2025). This mode of transmission might be especially
pertinent in rural areas where traditional livestock management practices prevail. Herding dogs, for
instance, may unintentionally expose themselves to high viral loads by consuming placental material or
aborted fetuses after calving or lambing. This makes it possible for carnivores in these settings to become
infected with BTV. Several infected dogs had documented contact with sheep, supporting this route of
exposure (Holwerda 2023; Barros et al. 2025). Oral transmission has also been reported in lynxes follow-
ing ingestion of infected meat (Millan et al. 2009). The notion of a natural infection in dogs was further
supported by a recent instance in the Netherlands (2023) when a pregnant dog had clinical bluetongue
during a BTV outbreak. However, the exact transmission route—whether oral ingestion or vector-borne—
could not be definitively confirmed. Similarly, vector-borne BTV transmission to dogs has been suspected
in Morocco (Dubovi et al. 2013; Evermann 2013).

Besides vector and oral routes, BTV transmission has also been linked to contaminated biological
materials. Products such as fetal bovine serum have been suggested as potential sources of BTV expo-
sure in carnivores. Furthermore, contamination of veterinary vaccines with BTV has been documented or
suspected on several occasions—BTV-28 was identified in a contaminated vaccine, while BTV-6, BTV-11,
and BTV-14 detected in Europe were genetically closely related to live-attenuated vaccine strains,
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suggesting accidental introduction through vaccine use (Maan et al. 2010; van Rijn et al. 2008; EFSA
Panel on Animal Health and Welfare (AHAW)) 2017; Dal Pozzo et al. 2019). Vertical (transplacental) trans-
mission has been particularly noted for BTV-8, which re-emerged in France in 2015, and has been impli-
cated in congenital neurological malformations in calves during the European BTV-3 outbreak that
started in 2023 (Duc et al. 2025; Romnée et al. 2025; Swinson et al. 2025; Venjakob et al. 2025).
Additionally, several BTV serotypes have been detected in aborted ruminant fetuses in Israel, indicating
that vertical transmission is not restricted to a single serotype (Golender and Hoffmann 2024).

4, Clinical manifestation of BTV

Bluetongue virus infection can manifest in peracute, acute, subacute, or chronic forms among a wide
range of susceptible hosts, including domestic and wild ruminants as well as carnivores (MacLachlan
et al. 2009; Falconi et al. 2011; Payan-Carreira and Simdes 2025). In domestic ruminants, particularly
sheep and cattle, the disease is characterized by high fever (up to 42°C), increased respiratory rates, and
hyperemia with swelling of the buccal, nasal, and ocular mucosa. Affected animals exhibit excessive sal-
ivation, nasal discharge, and cyanosis or ulceration of the tongue and oral mucosa. Acute cases in sheep
are associated with high morbidity and mortality rates. Similar clinical presentations have been docu-
mented in domestic dogs and lynx species (Jauniaux et al. 2008; Millan et al. 2009; Caballero-Gémez
et al. 2024; Hanekom et al. 2024; Barros et al. 2025). In dogs and lynx, clinical manifestation of BTV
include frothy salivation, purulent ocular discharge, lip and nostril edema, and serous, mucopurulent, or
hemorrhagic nasal discharge (Jauniaux et al. 2008; Dubovi et al. 2013; Barros et al. 2025). Notably, cya-
notic, ulcerated tongues and oral epithelium necrosis have been observed in lynx cases (Millan et al.
2009; Caballero-Goémez et al. 2024). Systemic signs such as lethargy, anorexia, and vomiting are also
common and may be linked to smooth muscle lesions in the pharyngeal region, predisposing affected
animals to aspiration pneumonia and death (Jauniaux et al. 2008; Millan et al. 2009; Caballero-Gémez
et al. 2024; Barros et al. 2025).

BTV-associated reproductive losses have also been documented in both ruminants and carnivores. In
domestic ruminants, BTV infection during pregnancy can lead to fetal infection, congenital malforma-
tions, or abortion, with or without other clinical signs in the herd or flock, although specific data vary
with virus serotype and host species (MaclLachlan et al. 2009). In carnivores, particularly dogs, several
reports describe abortion following natural or experimental infection (Evermann et al. 1994; Barros et al.
2025). In an experimental study, three of four pregnant dogs aborted following BTV infection (Brown
et al. 1996). More recently, naturally infected pregnant dogs in Portugal also experienced abortion prior
to death (Barros et al. 2025). Additional reports include three aborted canine fetuses (Dubovi et al. 2013),
a single abortion case (Hanekom et al. 2024), and ten abortions in infected dogs (Evermann et al. 1994).

5. Gross pathology and histopathological changes

Natural and experimental BTV infections in sheep affect multiple organ systems, including the respira-
tory, digestive, reproductive, and cardiovascular systems. The disease is characterized by vascular endo-
thelial injury, which leads to edema, hemorrhage, and tissue damage. A swollen, cyanotic (‘blue’) tongue
is a classical but rare sign in severely affected sheep; however, it is absent in cattle, wild ruminants and
carnivores (MacLachlan et al. 2008; Jahanroshan et al. 2023). Gross pathological lesions include hemor-
rhage and necrosis in the myocardium and at the base of the pulmonary artery. Additional findings
comprise oral ulcers, edema of the lips and face, and coronitis (inflammation of the coronary band of
the hooves) leading to lameness (MacLachlan et al. 2009). Hyperemia of the conjunctiva is also com-
monly observed in sheep. In dogs, pathological lesions include pulmonary edema with pleural effusion,
hydrothorax, splenic necrosis, hepatic degeneration, renal glomerulopathy, and myocardial interstitial
edema (Akita et al. 1994; Howerth et al. 1995; Brown et al. 1996; Dubovi et al. 2013; Caballero-Gémez
et al. 2024; Hanekom et al. 2024; Barros et al. 2025). Histopathological findings included endothelial
hypertrophy, myocardial interstitial edema, interstitial pneumonia with fibrinous exudation, glomerular
enlargement and necrosis, diffuse interstitial pneumonia and lymphoid depletion in spleen and lymph
nodes. Renal lesions included diffusely enlarged glomeruli, with glomerular capillary-lining cells showing
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pyknotic to karyorrhectic nuclei, and frequent fibrin thrombi. The presence of blood in the sinus areas
of mesenteric lymph nodes confirmed the grossly observed hemorrhage (Brown et al. 1996). Clinically,
affected dogs showed diffuse glomerulonephropathy, lymphocytic degenerative cardiomyopathy, centri-
lobular hepatocytic perivasculitis, and hepatic passive congestion (Howerth et al. 1995; Dubovi et al.
2013). In female dogs following abortion, edematous and necrotic uterine walls, accompanied by large
volumes of foul-smelling black and green vaginal discharge, were observed (Dubovi et al. 2013).

Necropsy examination revealed congestion of abdominal organs, renal adhesions, hepatization of lung
lobes with frothy fluid exudation, and generalized alveolar edema impairing respiration in dogs (Evermann
et al. 1994; Barros et al. 2025). The BTV infection also proved lethal to lynx and caused deaths in Eurasian
lynx (Evermann et al. 1994; Jauniaux et al. 2008). Necropsy examination revealed marked anemia, subcu-
taneous hematomas, petechial hemorrhages, pulmonary congestion with edema, emaciation, enlarged
gelatinous lymph nodes, pneumonia, and widespread petechiae. Histologically, there was evidence of
acute to subacute vasculitis affecting the musculature, myocardium, peritoneum, and lungs, characterized
by edematous vessel walls and endothelial cell hypertrophy in Iynx (Evermann et al. 1994; Jauniaux
et al. 2008).

6. Evidence of BTV infection in carnivores

Multiple carnivore species have also been shown to develop antibodies against BTV (Table 1). Although
infections in these species are often subclinical, fatal cases have been reported in European lynx (Lynx
lynx) (Alexander et al. 1994; Caballero-Gémez et al. 2024) and domestic dogs (Canis lupus familiaris) (Akita
et al. 1994; Brown et al. 1996; Dubovi et al. 2013; Hanekom et al. 2022; Barros et al. 2025). Serological
surveys in several African countries have revealed high BTV antibody prevalence in both domestic and
wild dogs, suggesting frequent exposure (Table 1). Experimental and field evidence further indicate that
dogs and lynx are susceptible to infection and can mount detectable immune responses. While most
infections remain asymptomatic, severe disease outcomes have been documented, particularly in preg-
nant dogs and European lynx (Table 1). In dogs, both natural and experimental infections have resulted
in abortion and death, including an outbreak in the USA linked to BTV-11-contaminated vaccines and
cases of naturally infected pregnant dogs in South Africa, Portugal, and the Netherlands (Evermann et al.
1994; Wilbur et al. 1994; Brown et al. 1996; Hanekom et al. 2024; Barros et al. 2025). Fatal BTV-associated
disease has also been described in European lynx (Caballero-Gémez et al. 2024). Collectively, these find-
ings demonstrate that although carnivores are not primary hosts, they can occasionally develop severe
or fatal bluetongue disease.

7. Species conservation implications of BTV: Emerging threat or theoretical concern?

Endangered and vulnerable wildlife species often inhabit fragmented ecosystems and exist in small,
genetically homogeneous populations, which may increase their vulnerability to emerging infectious dis-
eases (Ul-Rahman et al. 2018, 2024; Rahman et al. 2019, 2020a, 2020b). Due to the complex interplay of
vectors, reservoir hosts and the broad host susceptibility of BTV, a major challenge lies in identifying the
ecological and epidemiological conditions that favor the viral emergence and spread before outbreaks
occur, as well as in devising strategies to mitigate or prevent such epidemics. Although direct experimen-
tal evidence of BTV infection dynamics in carnivores is limited, the detection of BTV-specific antibodies
and viral RNA in species such as dogs, lynx, hyenas, and bears (Table 1) suggests that spillover events
may occur under certain ecological conditions (Brown et al. 1996; Millan et al. 2009; Caballero-Gémez
et al. 2024; Barros et al. 2025). This raises important questions about the potential conservation implica-
tions of BTV for vulnerable and endangered carnivores, particularly in areas with limited surveillance and
reporting capacity. The susceptibility of both small and large carnivores to BTV, if further confirmed,
could pose a risk to already threatened populations. For instance, the Iberian lynx (Lynx pardinus), one of
the world’s most endangered felids, might be particularly vulnerable due to its small and isolated pop-
ulation structure, with only an estimated 160-200 individuals surviving in the wild (Nowell and Jackson
1996). While no large-scale outbreaks have been documented, a hypothetical BTV introduction into cap-
tive breeding programs could have serious consequences, such as disrupting reproduction or reducing
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genetic diversity. Under such scenarios, disease-related mortality could exacerbate existing genetic bot-
tlenecks, further limiting the adaptive potential of the species. These possibilities highlight the need for
targeted surveillance, experimental studies, and disease-risk assessments to clarify the true impact of BTV
on endangered carnivore populations.

8. Current knowledge gaps and future perspectives

The potential role of carnivores as reservoirs in the persistence and transmission of BTV to susceptible
ruminant populations remains largely underexplored. Investigations confirming natural BTV infections in
carnivores are scarce, with only a handful of case studies providing sufficient data to draw definitive
conclusions regarding their susceptibility and epidemiological relevance. However, it is still uncertain
whether carnivores act as amplifying hosts capable of maintaining the virus circulation or merely act as
incidental hosts with negligible impact on transmission dynamics. Carnivores that consume infected car-
casses or BTV-contaminated material, such as aborted fetuses or placental tissues, may transiently harbor
the virus within their tissues or gastrointestinal tract. It is imperative to examine whether such animals
can transmit the virus to susceptible hosts or insect vectors, either directly or indirectly. To date, no
evidence supports direct carnivore-to-carnivore transmission of BTV, and the relative contributions of
vector-borne versus oral transmission routes are yet to be clarified.

The incidence of asymptomatic or subclinical BTV infections in carnivores also remains unknown,
which could result in an underestimation of the burden of BTV in these hosts. Furthermore, the patho-
genesis of BTV in carnivores is poorly understood, with critical gaps in knowledge regarding species-specific
susceptibility, viral tropism, replication kinetics, and host immune responses. Current risk assessment
frameworks for BTV highlight the role of climate change in expanding vector habitats and facilitating
virus emergence in new geographic regions (Bibard et al. 2025). Yet, the potential for BTV dissemination
via the natural movement of domestic and wild carnivores across endemic and non-endemic zones
remains underappreciated. This concern is amplified by the scavenging behavior of carnivores and the
demonstrated environmental stability of BTV.

The low frequency of confirmed infections in dogs and other carnivorous species poses challenges for
recognition and diagnosis. Most veterinary diagnostic laboratories do not routinely test for BTV in
non-ruminant hosts, and existing diagnostic protocols for carnivores are largely empirical and insuffi-
ciently validated. This diagnostic gap underscores the need for a dynamic and broad-spectrum approach,
in which veterinarians continuously update differential diagnoses by integrating clinical presentations,
laboratory findings, and disease outcomes. In suspected cases, prompt implementation of supportive and
targeted therapeutic strategies is crucial to prevent clinical deterioration and stabilize affected animals.
Accurate diagnosis in symptomatic carnivores ultimately requires a multidisciplinary framework that com-
bines clinical evaluation, molecular diagnostics, and epidemiological context.

9. Concluding remarks

The emergence of BTV infections in carnivores represents a significant paradigm shift in the understand-
ing of the host range and transmission dynamics of BTV. Evidence suggests that carnivores, once con-
sidered incidental hosts, may in fact play a more complex role in BTV ecology than previously recognized.
Current evidence indicates that transmission in carnivores is more likely to occur through oral ingestion
of infected tissues rather than via vector-mediated routes, particularly in ecosystems with limited vector
activity. Higher seroprevalence among free-ranging carnivores reinforce this hypothesis and highlight the
importance of investigating alternative, non-vectorial transmission pathways. Despite high antibody prev-
alence, clinical cases in large carnivore species remain rare, suggesting that they generally do not develop
overt disease upon exposure. Given the severity of clinical BT, the importation of visibly infected dogs is
unlikely. However, subclinically infected yet viremic dogs from high-prevalence areas may explain unex-
plained BTV outbreaks. If capable of transmission, such dogs could play a larger role in BTV spread than
previously thought. The detection of BTV RNA in dogs residing near infected sheep, as well as the occur-
rence of clinical BT cases in canines during active outbreaks in ruminants, further emphasizes the
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possibility of shared transmission environments between carnivores and herbivores. However, it remains
uncertain whether these infections represent epidemiological dead ends or contribute, even marginally,
to viral maintenance within affected ecosystems. While their role in BTV maintenance remains unclear,
infections in carnivores, especially endangered species, warrant attention in conservation and surveillance
programs. Incorporating carnivores into BTV monitoring programs, especially in endemic or outbreak-prone
regions, could strengthen early detection efforts and provide critical insights into evolving epidemiolog-
ical patterns under the One Health framework.

Author’s contributions

Ul-Rahman A: conceptualization, study design; Ul-Rahman A and Shabbir MZ: data collection; Shabbir MZ and
Wensman JJ: supervision; Wensman JJ: resources; Ul-Rahman and Wensman JJ: data analysis, writing and drafting.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

JIW’s research on BTV is supported by the Swedish Farmers’ Foundation for Agricultural Research (Grant no.
S-25-20-003).

Data availability statement

There is no associated data.

References

Acevedo AM et al. 2024. Detection, characterization and sequencing of BTV serotypes circulating in Cuba in 2022.
Viruses. 16(1):164. https://doi.org/10.3390/v16010164

Afshar A. 1994. Bluetongue: laboratory diagnosis. Comp Immunol Microbiol Infect Dis. 17(3-4):221-242. https://doi.
org/10.1016/0147-9571(94)90045-0

Akita GY, lanconescu M, MacLachlan NJ, Osburn Bl. 1994. Bluetongue disease in dogs associated with contaminated
vaccine. Vet Rec. 134(11):283-284. https://doi.org/10.1136/vr.134.11.283

Alexander KA et al. 1994. Evidence of natural bluetongue virus infection among African and Indian carnivores. Am J
Trop Med Hyg. 51(5):568-576. https://doi.org/10.4269/ajtmh.1994.51.568

Barros SC et al. 2025. Fatal bluetongue virus serotype 3 infection in female dogs: a case report from Alentejo,
Portugal. Viruses. 17(2):159. https://doi.org/10.3390/v17020159

Barua S et al. 2024. The global burden of emerging and re-emerging orbiviruses in livestock: an emphasis on
Bluetongue virus and epizootic hemorrhagic disease virus. Viruses. 17(1):20. https://doi.org/10.3390/v17010020

Batten C et al. 2014. Evidence for transmission of bluetongue virus serotype 26 through direct contact. PLoS One.
9(5):e96049. https://doi.org/10.1371/journal.pone.0096049

Bayram E, GUmiisova S. 2021. Kopek, sigir, ke¢i ve koyunlarda mavi dil seroprevalansi. Vet J Mehmet Akif Ersoy Univ.
6(3):99-103. https://doi.org/10.24880/maeuvfd.910665

Bekker JG, de Kock G, Quinlan JB. 1934. The occurrence and identification of bluetongue in cattle - the so-called
pseudo foot-and-mouth disease in South Africa. Onderstepoort J Vet Sci. 2:393-507.

Bibard A et al. 2025. Quantitative risk assessment for the introduction of bluetongue virus into mainland Europe by
long-distance wind dispersal of Culicoides spp.: a case study from Sardinia. Risk Anal. 45(1):108-127. https://doi.
org/10.1111/risa.14345

Brenner J et al. 2010. Multiple serotypes of bluetongue virus in sheep and cattle, Israel. Emerg Infect Dis. 16(12):2003-
2004. https://doi.org/10.3201/eid1612.100239

Brown CC, Rhyan JC, Grubman MJ, Wilbur LA. 1996. Distribution of bluetongue virus in tissues of experimentally
infected pregnant dogs as determined by in situ hybridization. Vet Pathol. 33(3):337-340. \ https://doi.
org/10.1177/030098589603300311

Burgin LE et al. 2013. Investigating incursions of bluetongue virus using a model of long-distance Culicoides midge
dispersal. Transbound Emerg Dis. 60(3):263-272. https://doi.org/10.1111/j.1865-1682.2012.01345.x

Caballero-Gémez J et al. 2022. Monitoring of bluetongue virus in zoo animals in Spain, 2007-2019. Transbounding
Emerging Dis. 69(4):1739-1747. https://doi.org/10.1111/tbed.14147


https://doi.org/10.3390/v16010164
https://doi.org/10.1016/0147-9571(94)90045-0
https://doi.org/10.1016/0147-9571(94)90045-0
https://doi.org/10.1136/vr.134.11.283
https://doi.org/10.4269/ajtmh.1994.51.568
https://doi.org/10.3390/v17020159
https://doi.org/10.3390/v17010020
https://doi.org/10.1371/journal.pone.0096049
https://doi.org/10.24880/maeuvfd.910665
https://doi.org/10.1111/risa.14345
https://doi.org/10.1111/risa.14345
https://doi.org/10.3201/eid1612.100239
https://doi.org/10.1177/030098589603300311
https://doi.org/10.1177/030098589603300311
https://doi.org/10.1111/j.1865-1682.2012.01345.x
https://doi.org/10.1111/tbed.14147

VETERINARY QUARTERLY 9

Caballero-Gomez J et al. 2024. Bluetongue virus in the Iberian Lynx (Lynx pardinus), 2010-2022. Emerg Infect Dis.
30(10):2169-2173. https://doi.org/10.3201/eid3010.240235

Carpenter S, Wilson A, Mellor PS. 2009. Culicoides and the emergence of bluetongue virus in northern Europe. Trends
Microbiol. 17(4):172-178. https://doi.org/10.1016/j.tim.2009.01.001

Chambaro HM et al. 2020. Co-circulation of multiple serotypes of bluetongue virus in Zambia. Viruses. 12(9):963.
https://doi.org/10.3390/v12090963

Dal Pozzo F, Lorusso A, Marcacci M et al. 2019. Characterization of bluetongue virus serotype 28 isolated from con-
taminated vaccine. Transbound Emerg Dis. 66(6):2467-2475.

Dubovi EJ, Hawkins M, Griffin RA, Johnson DJ, Ostlund EN. 2013. Isolation of Bluetongue virus from canine abortions.
J Vet Diagn Invest. 25(4):490-492. https://doi.org/10.1177/1040638713489982

Duc PD et al. 2025. Congenital malformations of the central nervous system caused by bluetongue virus serotype 3
(BTV-3) in two calves. Vet Sci. 12(8):728. https://doi.org/10.3390/vetsci12080728

Dunbar MR, Cunningham MW, Roof JC. 1998. Seroprevalence of selected disease agents from free-ranging black
bears in Florida. J Wildlife Dis. 34(3):612-619. https://doi.org/10.7589/0090-3558-34.3.612

EFSA Panel on Animal Health and Welfare (AHAW). 2017. Assessment of listing and categorisation of animal diseases
within the framework of the Animal Health Law (Regulation (EU) No 2016/429): bluetongue. EFSA Journal.
15(8):4957. https://doi.org/10.2903/j.efsa.2017.4957

Evermann JF et al. 1994. Canine fatalities associated with the use of a modified live vaccine administered during late
stages of pregnancy. J Vet Diagn Invest. 6(3):353-357. https://doi.org/10.1177/104063879400600312

Evermann JF. 2013. Letter to the editor, regarding bluetongue virus and canine abortions. J Vet Diagn Invest.
25(6):670-670. https://doi.org/10.1177/1040638713504535

Falconi C, Lopez-Olvera JR, Gortazar C. 2011. BTV infection in wild ruminants, with emphasis on red deer: a review.
Vet Microbiol. 151(3-4):209-219. https://doi.org/10.1016/j.vetmic.2011.02.011

Firth C et al. 2017. Genomic analysis of bluetongue virus episystems in Australia and Indonesia. Vet Res. 48(1):82.
https://doi.org/10.1186/s13567-017-0488-4

Gambles RM. 1949. Bluetongue of sheep in Cyprus. J Comp Pathol Ther. 59:176-190. https://doi.org/10.1016/
S0368-1742(49)80018-X

Ganter M. 2014. Bluetongue disease—Global overview and future risks. Small Rumin Res. 118(1-3):79-85. https://doi.
org/10.1016/j.smallrumres.2013.12.011

Gaudreault NN et al. 2014. Whole genome sequencing and phylogenetic analysis of bluetongue virus serotype 2
strains isolated in the Americas including a novel strain from the western United States. J Vet Diagn Invest.
26(4):553-557. https://doi.org/10.1177/1040638714536902

Gestier S, Finlaison DS, Parrish K, Kirkland PD. 2023. The potential for bluetongue virus serotype 16 to cause disease
in sheep in New South Wales, Australia. Austral. Aust Vet J. 101(12):510-521. https://doi.org/10.1111/avj.13288

Golender N, Hoffmann B. 2024. The molecular epidemiology of epizootic hemorrhagic disease viruses identified in
Israel between 2015 and 2023. Epidemiologia (Basel). 5(1):90-105. https://doi.org/10.3390/epidemiologia5010006

Hanekom Jet al. 2024. Bluetongue virus infection in farm dogs exposed to an infected sheep flock in South Africa.
Transbound Emerg Dis. 2024(1):2446398 https://doi.org/10.1155/2024/2446398.

Hanekom J, Hoepner SN, Du Preez K, Leisewitz A. 2022. The clinical presentation and management of a naturally
occurring Bluetongue virus infection in a pregnant Rottweiler dog. J S Afr Vet Assoc. 93(2):151-155. https://doi.
org/10.36303/JSAVA.509

Haque MN et al. 2025. Comprehensive review of emerging insights into bluetongue virus in small ruminants with
emphasis on epidemiology, diagnosis and control in Bangladesh and South Asia. Discov Anim. 2(1):76. https://doi.
org/10.1007/s44338-025-00124-4

Holwerda M et al. 2024. Emergence of bluetongue virus serotype 3, the Netherlands, September 2023. Emerg Infect
Dis. 30(8):1552-1561. https://doi.org/10.3201/eid3008.231331

Holwerda M. 2023. Bluetongue found in Dutch dog. https://www.wur.nl/en/research-results/research-institutes/
bioveterinary-research/show-bvr/bluetongue-found-in-dutch-dog.htm

Howerth EW, Dorminy M, Dreesen DW, Spires EA, Stallknecht DE. 1995. Low prevalence of antibodies to bluetongue
and epizootic hemorrhagic disease viruses in dogs from southern Georgia. J Vet Diagn Invest. 7(3):393-394.
https://doi.org/10.1177/104063879500700317

Jahanroshan N et al. 2023. Bluetongue outbreak in a sheep flock from Iran. Vet Med Sci. 9(6):2791-2795. https://doi.
org/10.1002/vms3.1288

Jauniaux TP et al. 2008. Bluetongue in Eurasian lynx. Emerg Infect Dis. 14(9):1496-1498. https://doi.org/10.3201/
€id1409.080434

Johnson DJ. 2007. Identification of new United States bluetongue types. Proc Annu Meet US Anim Health Assoc.
111:209-210.

Legisa D, Dus Santos MJ. 2021. Bluetongue virus in South America: current status based on phylogenetic analysis. J
Gen Virol. 102(3):001561. https://doi.org/10.1099/jgv.0.001561.

Legisa DM, Gonzalez FN, Dus Santos MJ. 2014. Bluetongue virus in South America, Central America and the Caribbean.
Virus Res. 182:87-94. https://doi.org/10.1016/j.virusres.2013.10.030

Maan S, Maan NS, van Rijn PA et al. 2010. Full genome characterization of bluetongue virus serotype 11 from
Belgium, 2008, reveals a live-attenuated vaccine origin. Virus Res. 145(1):96-102.


https://doi.org/10.3201/eid3010.240235
https://doi.org/10.1016/j.tim.2009.01.001
https://doi.org/10.3390/v12090963
https://doi.org/10.1177/1040638713489982
https://doi.org/10.3390/vetsci12080728
https://doi.org/10.7589/0090-3558-34.3.612
https://doi.org/10.2903/j.efsa.2017.4957
https://doi.org/10.1177/104063879400600312
https://doi.org/10.1177/1040638713504535
https://doi.org/10.1016/j.vetmic.2011.02.011
https://doi.org/10.1186/s13567-017-0488-4
https://doi.org/10.1016/S0368-1742(49)80018-X
https://doi.org/10.1016/S0368-1742(49)80018-X
https://doi.org/10.1016/j.smallrumres.2013.12.011
https://doi.org/10.1016/j.smallrumres.2013.12.011
https://doi.org/10.1177/1040638714536902
https://doi.org/10.1111/avj.13288
https://doi.org/10.3390/epidemiologia5010006
https://doi.org/10.1155/2024/2446398
https://doi.org/10.36303/JSAVA.509
https://doi.org/10.36303/JSAVA.509
https://doi.org/10.1007/s44338-025-00124-4
https://doi.org/10.1007/s44338-025-00124-4
https://doi.org/10.3201/eid3008.231331
https://www.wur.nl/en/research-results/research-institutes/bioveterinary-research/show-bvr/bluetongue-found-in-dutch-dog.htm
https://www.wur.nl/en/research-results/research-institutes/bioveterinary-research/show-bvr/bluetongue-found-in-dutch-dog.htm
https://doi.org/10.1177/104063879500700317
https://doi.org/10.1002/vms3.1288
https://doi.org/10.1002/vms3.1288
https://doi.org/10.3201/eid1409.080434
https://doi.org/10.3201/eid1409.080434
https://doi.org/10.1099/jgv.0.001561
https://doi.org/10.1016/j.virusres.2013.10.030

10 (&) A UL-RAHMANETAL.

MacLachlan NJ et al. 2008. Experimental reproduction of severe bluetongue in sheep. Vet Pathol. 45(3):310-315.
https://doi.org/10.1354/vp.45-3-310

MacLachlan NJ et al. 2013. Novel serotype of bluetongue virus. Western North America. Emerg Infect Dis. 19(4):665-666.

MacLachlan NJ, Drew CP, Darpel KE, Worwa G. 2009. The pathology and pathogenesis of bluetongue. J Comp Pathol.
141(1):1-16. https://doi.org/10.1016/j.jcpa.2009.04.003

MacLachlan NJ. 2004. Bluetongue: pathogenesis and duration of viraemia. Vet Ital. 40(4):462-467.

MacLachlan NJ. 2010. Global implications of the recent emergence of bluetongue virus in Europe. Vet Clin North Am
Food Anim Pract. 26(1):163-171. https://doi.org/10.1016/j.cvfa.2009.10.012

MacLachlan NJ. 2011. Bluetongue: history, global epidemiology, and pathogenesis. Prev Vet Med. 102(2):107-111.
https://doi.org/10.1016/j.prevetmed.2011.04.005

Matthijnssens J et al. 2022. ICTV virus taxonomy profile: sedoreoviridae 2022. J Gen Virol. 103(10):001782.

McGregor BL, Shults PT, McDermott EG. 2022. A review of the vector status of North American Culicoides (Diptera:
ceratopogonidae) for bluetongue virus, epizootic hemorrhagic disease virus, and other arboviruses of concern. Curr
Trop Med Rep. 9(4):130-139. https://doi.org/10.1007/5s40475-022-00263-8

Mellor PS, Boorman J, Baylis M. 2000. Culicoides biting midges: their role as arbovirus vectors. Annu Rev Entomol.
45(1):307-340. https://doi.org/10.1146/annurev.ento.45.1.307

Milldn J et al. 2009. Disease threats to the endangered Iberian lynx (Lynx pardinus). Vet J. 182(1):114-124. https://doi.
org/10.1016/j.tvjl.2008.04.005

Murray DL, Kapke CA, Evermann JF, Fuller TK. 1999. Infectious disease and the conservation of free-ranging large
carnivores. Anim Conserv. 2(4):241-254. https://doi.org/10.1017/51367943099000578

Navarro-Mamani DA et al. 2025. National seroprevalence and risk factors of bluetongue virus in domestic ruminants
of Peru. Transbound Emerg Dis. 2025:2690231. https://doi.org/10.1155/tbed/2690231

Nomikou K et al. 2015. Widespread reassortment shapes the evolution and epidemiology of bluetongue virus follow-
ing European invasion. PLoS Pathog. 11(8):e1005056. https://doi.org/10.1371/journal.ppat.1005056

Nowell K, Jackson P. 1996. Wild cats: status survey and conservation action plan. International Union for Conservation
of Nature and Natural Resources (IUCN).

Oura CA, El Harrak M. 2011. Midge-transmitted bluetongue in domestic dogs. Epidemiol Infect. 139(9):1396-1400.
https://doi.org/10.1017/50950268810002396

Payan-Carreira R, Simbées M. 2025. Bluetongue’s new frontier—are dogs at risk? Vet Sci. 12(5):505. https://doi.
org/10.3390/vetsci12050505

Qi Y, Shao R, Yin X. 2025. Bluetongue virus: cattle, sheep, and goat. In: Veterinary virology of domestic and pet ani-
mals. Springer Nature Switzerland. p. 1-27.

Rahman AU et al. 2020a. Peste des petits ruminants in large ruminants, camels and unusual hosts. Vet Q. 40(1):35-42.
https://doi.org/10.1080/01652176.2020.1714096

Rahman AU et al. 2020b. Foot and mouth disease in a wide range of wild hosts: a potential constraint in disease
control efforts worldwide particularly in disease-endemic settings. Acta Trop. 210:105567. https://doi.org/10.1016/j.
actatropica.2020.105567

Rahman AU, Munir M, Shabbir MZ. 2019. A comparative phylogenomic analysis of peste des petits ruminants virus
isolated from wild and unusual hosts. Mol Biol Rep. 46(5):5587-5593. https://doi.org/10.1007/s11033-019-04973-7

Ries C et al. 2021. Putative novel atypical BTV serotype ‘36'identified in small ruminants in Switzerland. Viruses.
13(5):721. https://doi.org/10.3390/v13050721

Romnée M, Focroulle F, Jauniaux T, Desmecht D, de Meeus d’Argenteuil C. 2025. Evidence of brain dysplasia associ-
ated with transplacental transmission of the two current European strains of bluetongue virus serotype 3 in bo-
vine fetuses. Vet Rec Case Rep. e70110.

Rossi S et al. 2014. Bluetongue dynamics in French wildlife: exploring the driving forces. Transbound Emerg Dis.
61(6):e12-e24. https://doi.org/10.1111/tbed.12061

Sailleau C et al. 2017. Re-emergence of bluetongue virus serotype 8 in France, 2015. Transbound Emerg Dis.
64(3):998-1000. https://doi.org/10.1111/tbed.12453

Savini G et al. 2017. Novel putative Bluetongue virus in healthy goats from Sardinia, Italy. Infect Genet Evol. 51:108-
117. https://doi.org/10.1016/j.meeqid.2017.03.021

Schirtzinger EE, Jasperson DC, Ostlund EN, Johnson DJ, Wilson WC. 2018. Recent US bluetongue virus serotype 3
isolates found outside of Florida indicate evidence of reassortment with co-circulating endemic serotypes. J Gen
Virol. 99(2):157-168. https://doi.org/10.1099/jgv.0.000965

Schwartz-Cornil | et al. 2008. Bluetongue virus: virology, pathogenesis and immunity. Vet Res. 39(5):46. https://doi.
org/10.1051/vetres:2008023

Sperlova A, Zendulkova D. 2011. Bluetongue: a review. Vet Med. 56(9):430-452. https://doi.org/10.17221/3206-VETMED

Spreull J. 1905. Malarial catarrhal fever (bluetongue) of sheep in South Africa. J Comp Pathol Ther. 18:321-337.
https://doi.org/10.1016/S0368-1742(05)80073-6

Stewart M et al. 2015. Characterization of a second open reading frame in genome segment 10 of bluetongue virus.
J Gen Virol. 96(11):3280-3293. https://doi.org/10.1099/jgv.0.000267

Swinson V, Reichel R, Pittalis L, Bidewell C, Wighton H. 2025. Brain lesions in BTV-3-positive calves in England. Vet
Rec. 196(5):192-193. https://doi.org/10.1002/vetr.5293


https://doi.org/10.1354/vp.45-3-310
https://doi.org/10.1016/j.jcpa.2009.04.003
https://doi.org/10.1016/j.cvfa.2009.10.012
https://doi.org/10.1016/j.prevetmed.2011.04.005
https://doi.org/10.1007/s40475-022-00263-8
https://doi.org/10.1146/annurev.ento.45.1.307
https://doi.org/10.1016/j.tvjl.2008.04.005
https://doi.org/10.1016/j.tvjl.2008.04.005
https://doi.org/10.1017/S1367943099000578
https://doi.org/10.1155/tbed/2690231
https://doi.org/10.1371/journal.ppat.1005056
https://doi.org/10.1017/S0950268810002396
https://doi.org/10.3390/vetsci12050505
https://doi.org/10.3390/vetsci12050505
https://doi.org/10.1080/01652176.2020.1714096
https://doi.org/10.1016/j.actatropica.2020.105567
https://doi.org/10.1016/j.actatropica.2020.105567
https://doi.org/10.1007/s11033-019-04973-7
https://doi.org/10.3390/v13050721
https://doi.org/10.1111/tbed.12061
https://doi.org/10.1111/tbed.12453
https://doi.org/10.1016/j.meegid.2017.03.021
https://doi.org/10.1099/jgv.0.000965
https://doi.org/10.1051/vetres:2008023
https://doi.org/10.1051/vetres:2008023
https://doi.org/10.17221/3206-VETMED
https://doi.org/10.1016/S0368-1742(05)80073-6
https://doi.org/10.1099/jgv.0.000267
https://doi.org/10.1002/vetr.5293

VETERINARY QUARTERLY 11

Ul-Rahman A, Shabbir MZ, Raza MA, Rossiter P. 2024. The expanding host range of lumpy skin disease virus in wild
and domestic animals. Trop Anim Health Prod. 56(8):269. https://doi.org/10.1007/s11250-024-04154-0

Ul-Rahman A, Wensman JJ, Abubakar M, Shabbir MZ, Rossiter P. 2018. Peste des petits ruminants in wild ungulates.
Trop Anim Health Prod. 50:1815-1819.

van Rijn PA, Geurts Y, van Gennip RGP et al. 2010. 2008. Discovery of a vaccine-derived bluetongue virus serotype
6 strain in the Netherlands in. Vet Microbiol. 143(1):118-126.

Venjakob PL et al. 2025. Cerebral malformations in calves presumed to be associated with an outbreak of blue-
tongue virus serotype 3 infection. Animals. 15(16):2359. https://doi.org/10.3390/ani15162359

Walton TE. 2004. The history of bluetongue and a current global overview. Vet Ital. 40:31-38.

White JR, Williams DT et al. 2019. Identification and genomic characterization of the first isolate of bluetongue virus
serotype 5 detected in Australia. Vet Med Sci. 5(2):129-145. https://doi.org/10.1002/vms3.156

White JR, Williams DT et al. 2021. Bluetongue virus serotype 12 enters Australia—a further incursion of novel western
lineage genome segments. J Gen Virol. 102(3):001536. D.

Wilbur LA et al. 1994. Abortion and death in pregnant bitches associated with a canine vaccine contaminated with
bluetongue virus. J Am Vet Med Assoc. 204(11):1762-1765.

Wilson A, Carpenter S, Gloster J, Mellor P. 2007. Re-emergence of bluetongue in northern Europe in 2007. Vet Rec.
161(14):487-489. https://doi.org/10.1136/vr.161.14.487

Wilson AJ, Mellor PS. 2009. Bluetongue in Europe: past, present and future. Philos Trans R Soc Lond B Biol Sci.
364(1530):2669-2681. https://doi.org/10.1098/rstb.2009.0091


https://doi.org/10.1007/s11250-024-04154-0
https://doi.org/10.3390/ani15162359
https://doi.org/10.1002/vms3.156
https://doi.org/10.1136/vr.161.14.487
https://doi.org/10.1098/rstb.2009.0091

	Bluetongue virus in carnivores: expanding the host range and implications for disease ecology
	ABSTRACT
	1. Introduction
	2. Historical emergence and global distribution
	3. Virus transmission
	4. Clinical manifestation of BTV
	5. Gross pathology and histopathological changes
	6. Evidence of BTV infection in carnivores
	7. Species conservation implications of BTV: Emerging threat or theoretical concern?
	8. Current knowledge gaps and future perspectives
	9. Concluding remarks
	Authors contributions
	Disclosure statement
	Funding
	Data availability statement
	References


