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Abstract Bluetongue (BT) is a noncontagious OIE-listed disease of 

domestic and wild ruminants caused by a virus (Bluetongue virus—

BTV) of the Orbivirus genus within the family Reoviridae and 
transmitted by biting midges of the genus Culicoides. BT is a 
considerable socioeconomic concern and of major importance 

for the international trade of animals and animal products. In the 
past, BT endemic areas were considered those between latitudes 40 
◦N and 35 ◦S; however, BT has spread far beyond this traditional 

range. BTV has multiple serotypes and these serotypes exist in a 
complex network of serological cross-relationships, varying from 
partial to no protection between heterologous strains. This chapter 
summarizes 

several aspects of BT and BTV with particular emphasis for BTV 

epidemiology in Sahelian Africa. 
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Economic Impact, Etiology, and History 

 
Bluetongue (BT) is a vector-borne disease of domestic and wild 

ruminants listed as a notifiable disease by the World Organisation for 

Animal Health (OIE). BT is a disease of considerable 

socioeconomic concern and of major importance in the 
 

 



 
 

international trade of animals and animal products. Losses due to any livestock 

disease may be classified as losses in production (direct losses), expenditure, and lost 

revenue (indirect losses) (Rushton 2009). The former may be visible, such as 

reduced milk yield or increased mortality, weight loss, reduced fertility rate, abor- 

tion, reduced meat production, efficiency, and death (Sperlova and Zendulkova 

2011). Indirect losses include costs of vaccines or lost revenue, such as through trade 

restrictions limiting access to higher value markets. Multiple outbreaks of BTV from 

1998 in North Africa and in southern Europe caused the death of hundreds of 

thousand animals causing enormous economic losses. 

With regard to BTV-8, the epidemic in northern Europe has probably caused 

greater economic damage than any previous single-serotype BT outbreak (Wilson 

and Mellor 2009). A study commissioned by the Scottish Government assessed the 

impact on production as direct costs estimated an amount of £30 million per year 

(Scottish Government 2008). The deterministic economic model used to evaluate the 

cost of the BTV-8 epidemic in the Netherlands estimated an overall cost as 32.4 

million euros and 164–175 million euros in 2006 and 2007, respectively (Velthuis 

et al. 2010). In 2012, an economic evaluation of the surveillance and control program 

applied in 2008–2009 in Switzerland estimated an amount of the disease costs as 

12.2 million euros and 3.6 million euros, respectively (Häsler et al. 2012). 

BT is caused by Bluetongue virus (BTV), the prototype species of the genus 

Orbivirus within the family Reoviridae, which includes 30 genera divided into two 

subfamilies infecting a wide variety of plants, vertebrates, and invertebrates, includ- 

ing crustaceans, fish, insects, reptiles, and mammals (Mertens et al. 2005; Attoui 

et al. 2009; ICTV 2018, https://talk.ictvonline.org/taxonomy/). The genus Orbivirus 

contains 22 recognized viral species. As the most widespread and of economic 

importance, BTV has been studied more extensively than the other orbiviruses. 

BTV is a non-enveloped virus, 90 nm in diameter, structurally organized into three 

concentric shells enclosing the viral genome consisting of ten linear dsRNA seg- 

ments (Seg-1 to Seg-10) encoding for 7 structural (VP1 to VP7) and 5 nonstructural 

proteins (NS1, NS2, NS3/NS3A, NS4, and S10-ORF2) (Belhouchet et al. 2011; 

Ratinier et al. 2011; Stewart et al. 2015). The outer capsid is composed by two major 

proteins, namely VP2 and VP5 (coded by Seg-2 and Seg-5, respectively), which are 

essential in host receptor binding and virus entry. VP2 is responsible for the 

generation of neutralizing antibodies and determines, mainly, serotype specificity. 

Up to 2008, only 24 classical serotypes of BTV were officially recognized (Maan 

et al. 2008). These 24 serotypes exist in a complex network of serological cross 

relationships, varying from partial to no protection between heterologous strains. 

Any of these classical BTV serotypes has potential to cause BT. Except for serotype 

diversity, the localized circulation of the virus in different ecosystems throughout the 

world has also led to the evolution of distinct geographical variants or topotypes. 

BTVs are, indeed, broadly divided into western (w) and eastern (e) topotypes, based 

on phylogenetic analysis of nucleotide sequences from the majority of the genome 

segments. Viruses from the western topotypes circulate in Africa, Europe, the 

Caribbean, and the Americas, whereas those from eastern topotypes are endemic 

in Asia, Indonesia, and Australia (Gould and Hyatt 1994; Carpi et al. 2010). In the 
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last few years, novel and generally asymptomatic BTV serotypes have been discov- 

ered by researchers in the field. These include so far BTV-25 (TOV strain) from 

Switzerland, BTV-26 from Kuwait, BTV-27 (variants 01, 02 and 03) from Corsica 

(France), BTV-XJ1407 from China, a BTV strain isolated from a sheep pox vaccine 

(SP vaccine derived BTV) from the Middle East, BTV-X ITL2015, BTV-Z 

ITA2017 from Italy, and BTV-Y TUN2017 from Tunisia (Hofmann et al. 2008a; 

Maan et al. 2011; Zientara et al. 2014; Schulz et al. 2016; Sun et al. 2016; Bumbarov 

et al. 2016; Savini et al. 2017; Marcacci et al. 2018; Lorusso et al. 2018). A putative 

novel BTV serotype has also been described from an Alpaca in South Africa (Belbis 

et al. 2017). 

BT was historically considered as an African disease and it was first described in 

the late eighteenth century, following the importation of European Merinos sheep in 

Cape Colony in South Africa. Initially, the illness was thought to be caused by a 

parasite and was initially referred as fever, malarial catarrhal fever of sheep, or 

epizootic malignant catarrhal fever of sheep (Hutcheon 1902). In 1902, Spreull 

provided the first scientific detailed description of infected sheep, including details 

of typical lesions, such as the presence of a dark-colored (blue) tongue. As a 

consequence of this observation, the scientist introduced the name of “bluetongue,” 

which is the English translation of the name for the disease of “Blaauwtong,” which was 
named by South African farmers who noticed tongue cyanosis in seriously 

diseased animals (Spreull 1902; MacLachlan et al. 2009). In 1905, by performing 

experimental infections in goats and cattle, Spreull discovered that the disease was 

transmissible to other ruminants but without production of clear clinical signs. The 

viral cause of the disease was determined in the same year by Sir Arnold Theiler who 

demonstrated that the etiological agent of Bluetongue was filterable. The scientist, 

by serial passages of the virus on susceptible sheep, formulated the first vaccine for 

BTV that was used in South Africa for several years (Theiler 1906). The fact that 

BTV might be transmitted by vectors was initially supposed by Spreull (1902) and 

Hutcheon (1902) which observed the seasonal incidence of the disease and the 

protection of sheep to the infection stabling them during summer nights. The role 

of insects in disease transmission was first confirmed by Du Toit in 1944, who 

indicated the hematophagous Culicoides midges as the biological competent vectors 

of BTV. Subsequently, Foster in 1963 definitively demonstrated the trans- mission 

of BTV by Culicoides. Information regarding the morphology of BTV was obtained 

by using the first electron microscopy images of the virus suggesting a Reovirus-

like structure (Owen and Munz 1966; Studdert et al. 1966). Following the first report 

of BTV purification from infected cell lines (Vervoerd 1969), extensive and more 

detailed studies on the structure of BTV were performed in the 1970s providing 

essential information regarding the identification of viral structural pro- teins, their 

organization in two concentric capsids, and their possible role in virus infection 

(Vervoerd 1970). The development of molecular biology techniques, as well as the 

use of cell culture systems as alternative to inoculation of susceptible animals, 

greatly improved the knowledge on BTV etiology. The nonstructural pro- teins NS1 

and NS2 were identified in 1979 (Huismans 1979), NS3 in 1981 (Gorman et al. 1981). 

Only recently a fourth and a fifth viral protein have been characterized 



 
 

(Belhouchet et al. 2011; Ratinier et al. 2011; Stewart et al. 2015). Since the 

beginning of this century, several discoveries have been made to elucidate BTV 

biology, replication and evolution. These discoveries had a tremendous impact on 

the development of diagnostic tools and control strategies and improved the under- 

standing of the complex epidemiology and pathogenesis of the virus. 

 

 
Distribution of BTV in Sahel Region, Africa 

 
In the 1940s, it was thought that BT was restricted to southern Africa and that BT 

outbreaks in other regions of the world reflected the emergence of the virus from the 

African continent (Gibbs and Greiner 1994). This assumption was soon challenged 

by the recognition of the disease in geographically widespread regions outside 

Africa. The first recognized outbreak of BT outside Africa occurred in Cyprus in 

1943 (Gambles 1949). Since 1998, BTV has moved considerably northward 

reaching the 50th parallel in some parts of the world such as regions of Asia, 

North America, and North Europe where the virus was never reported before 

(Clavijo et al. 2000; Lundervold et al. 2003; Tabachnick 2004; Jafari-Shoorijeh 

et al. 2010; MacLachlan 2010). BTV circulation has been described in several North 

Africa countries including Morocco, Algeria, Tunisia, Libya, and Egypt. Remark- 

ably, BTV emergence in Europe is related to the wind-driven dissemination of 

infected midges from northern African countries (Calistri et al. 2004; Lorusso 

et al. 2013, 2014, 2017, 2018; Sghaier et al. 2017; Mahmoud et al. 2018; Cappai 

et al. 2019). BTV has also been described from Sahelian Africa countries, such as 

Senegal, Sudan, Mauritania, Cameroon, Nigeria, and Gambia. Generally in African 

countries BTV outbreaks occur during the wet seasons and, in these regions, BTV 

can be considered endemic (Sellers 1984; Bakhoum et al. 2013; Fall et al. 2015a, b). 

In Sudan, BT was first reported in 1953, when samples from the Blue Nile province 

were confirmed by the Veterinary Research Laboratory at Onderstepoort, South 

Africa, to contain BTV (Anon 1953). Several studies have lately been 

performed; they confirmed that different BTV serotypes were endemic in Sudan in 

domestic and wild animals (Eisa et al. 1979, 1980; Mellor et al. 1984; Abu Elzein 

and Tag Eldin 1985). BT seroprevalence in Sudan was 61% during the 1980s (Abu 

Elzein 1983) and 50–60% in recent years (Saeed 2017; Adam et al. 2014). In 

Nigeria, no BT outbreaks were reported until 1966, when the first BT epidemic 

started (Bida and Eid 1974). BTV serotypes 6, 7, 10, 12, and 16 were identified in 

Nigeria between 1966 and 1974 by virus isolation (Moore and Kemp 1974). During 

the same period, BTV outbreaks were recorded in Egypt sustained by serotypes 1, 4, 

10, 12, and 16 (Hafez and Ozawa 1973; Ismail et al. 1987). BTV was also diagnosed 

by the Animal Research Institute of Mankon in Cameroon from samples collected 

from five sheep succumbed after clinical disease between June and October 1982. 

BTV 1, 4, 5, 12, 14, and 16 were also isolated in the same period (Ekue et al. 1985). 

The first official BTV outbreak in Senegal was notified in 1982 and a serological 

survey revealed specific BTV-10 antibodies in goats nearby the border with Guinea. 



 

 

The overall seroprevalence in Senegal ranged, at that time, between 35 and 48% 

(Lefevre and Taylor 1983). The first overview upon BTV epidemiology in Africa 

and the Mediterranean region has been published by Sellers in 1984, which 

described the BTV serotypes that were circulating in African countries and the 

several cases which could have remained unnoticed as clinical signs were mild. A 

survey performed in Gambia in 1998 revealed an overall prevalence of BTV 

antibodies of 62–66% in goats and 55–58% in sheep (Goossens et al. 1998). Specific 

antibodies to BTV-26 or to a BTV-26-like virus have been recently described in 

camelids and cattle from Mauritania (Lorusso et al. 2016). 

 

 
Vectors 

 
Disease spread is affected by different factors that interplay and regulate the presence of 

insect vectors (De Liberato et al. 2003). The availability of susceptible hosts, along 

with climatic conditions, may play a decisive role in spatial and temporal distribution 

of BTV (Purse et al. 2004a, b, 2005, 2008). Cattle play an important role in the 

epidemiology of BT, since they generally are infected (viremic) without 

showing clinical symptoms. However, BTV-8 in Northern Europe in 2006–2008 

recapitulated this assumption. The infectious period for cattle was considered to be 

equal to 60 days post-infection, or more (Sellers and Taylor 1980). Also wild 

ruminants can play an important role to maintain the infection. This role is proved 

in Africa and in North America, where animals such as the American deer 

(Odocoileus virginianus), the American antelogoat (American antelogoat), and the 

desert bighorn sheep (Ovis canadensis) can also show clinical symptoms (Ruiz-Fons 

et al. 2008). 

The climatic conditions and the presence of geographical barriers may influence 

the vector and host presence. Furthermore, BT prevalence is seasonal and strongly 

correlated with the abundance of insect vectors and other environmental conditions 

involved in their life cycle (Conte et al. 2007). The increasing of the temperature, 

rainfall and climate changes, and wind patterns variability are also predicted to have 

effect on vector abundance as discussed in many studies (Wittmann and Baylis 2000; 

Sellers and Mellor 1993; Rawlings et al. 1998; Walton 2004; Staubach et al. 2007; 

De Koeijer and Elbers 2007; Purse et al. 2008). Distribution of BTV throughout the 

world is strictly linked to the spatial and temporal distribution of species of 

Culicoides (Diptera: Ceratopogonidae) biting midges, which are the biological 

vector of the virus (Tatem et al. 2003; Purse et al. 2005; Mellor et al. 2000; Carpenter et 

al. 2015; Foxi et al. 2016). Adult midges can only become infected by ingestion of a 

blood meal from an infected mammalian host and are only capable of transmitting 

the virus to a new host when they have a subsequent blood meal. Although more 

than 1400 Culicoides species have been identified worldwide (Mellor et al. 2000; 

Borkent 2005), currently nearly 30 of them have been reported as vectors of BTV 

(Meiswinkel et al. 2004). Adult Culicoides fly during the night (from sunset to 

sunrise) and females bite animals feeding on their blood. However, studies 



 
 

conducted in 2006 during the BTV-8 epidemic in central Europe indicated that a 

certain level of vector activity can be detected also during daylight (Meiswinkel et al. 

2008). The insects become infected biting viremic animals and they remain infected 

along all their life. Humid areas, little water pods drastically favor the adult 

Culicoides reproduction (Conte et al. 2007), and it is also supposed that adults 

individuals remain around the place where they were born for all their life. The 

effect of temperature on the abundance of C. imicola, the main vector of BT in the 

Mediterranean basin, has been discussed in many studies (Sellers and Mellor 1993; 

De Koeijer and Elbers 2007; Purse et al. 2008). In particular, Wittmann in 2001 

showed that high mean monthly temperatures (>12.5◦) in winter favor the survival 

of Culicoides larvae and temperatures between 25 and 30 ◦C constitute their ideal 
habitat. In each geographic region, different Culicoides species may be involved in 

BTV transmission, and specific links between the Culicoides species distribution and 

BTV serotypes prevalence have been demonstrated (Tabachnick 2004). In the USA, 

the main vectors are C. sonorensis and C. insignis. In northern and eastern Australia, the 

main BTV vector is C. brevitarsis, whereas in Africa, southern Europe, and the 

Middle East is C. imicola. In northern Europe where C. imicola is absent, the 

transmission of BTV-8 was therefore assigned to Palearctic species of Culicoides 

midges including C. obsoletus, C. pulicaris, C. dewulfi, and C. chipterus (Conte 

et al. 2003; Purse et al. 2004b). 

Although biting midges are ubiquitous (Mellor et al. 2000), they are most 

frequently present in warm, damp, and muddy areas. Temperature conditions are 

essential not only for the survival of the vector but they can also have a role in the 

replication cycle of the virus (Sellers et al. 1979). Another essential factor promoting 

vector density is represented by the level of humidity (Cappai et al. 2018). Precip- 

itation may promote the presence of moisture of the soil generating microhabitat that 

can enhance vector life cycle and avoid desiccation (Purse et al. 2004a, b, 2005). In 

addition, the wind also affects vector survival (Mellor et al. 2000). Cold winters 

should halt vector-borne diseases by limiting the presence of competent vectors and, 

as a result, the transmission of the involved virus. In Europe, BTV outbreaks are 

usually reported during summer-autumn when the vector is available. The mecha- 

nism of overwintering (the way the virus survives in a given area between vectors 

seasons) is not entirely clear. Competent insect vectors have a complex life cycle: 

after the blood meal, the eggs mature inside the female in a variable time, depending 

on the temperature and Culicoides species. For example, if the temperature is 27 ◦C 

the eggs maturation time for C. imicola is about 2 days, but could be 3 or 4 days if the 

temperature is low than 22 ◦C. For each blood meal, a group of eggs is deposited. 

Insects must survive about five days in order to lay their eggs (EFSA 2007). The vital 

circle includes four larval stages, the pupa stage, and the adult stage. The transition to 

the pupa stage usually occurs in a period ranging from 10 to 30 days, depending on 

the Culicoides species, the environmental temperature, and the amount of nutrients 

present in the environment (EFSA 2007). The pupae remain in this stage from 2 days up 

to 4 weeks; furthermore, they do not need nourishment and in most species they 

perform very limited movements (Meiswinkel et al. 1994). 



 

 

The average life of adults is about 3–6 weeks, but they can survive for up to 

9 weeks (EFSA 2007). In order to have viral transmission from the host to the insect, 

it is necessary that the blood meal occurs during the viremic period of the host, which 

corresponds with the feverish period of the animal: up to 11 days post-infection in 

sheep and 49 days post-infection in cattle (Bonneau et al. 2002). Recently, other 

studies have shown that the viremia resulting from experimental infections can last 

up to 45 days in sheep, more than 31 days for goats, and for more than 78 days in 

cattle (EFSA 2007). Once the BTV is ingested, it passes into the posterior part of the 

arthropod esophagus, bypassing all intestinal diverticula. In the first two days post- 

infection the viral titer in Culicoides decreases due to inactivation and fecal excretion 

which are superior to viral replication (eclipse phase). After 7–9 days post-infection 

the viral title reaches a plateau and this concentration remains so for the whole life of 

the insect. Transmission to the host is possible from 10 to 14 days post-infection 

(Wittmann et al. 2002; Mecham and Nunamaker 1994; Venter et al. 1991). The 

virion dose transmitted through the puncture itself can infect a receptive host by 

extrusion and exocytosis, resulting in cell damage (Schwartz-Cornil et al. 2008). 

 

 
Symptoms and lesions 

 
Following the bite, the virus establishes primary infection in fibroblast and mono- 

nuclear phagocytes, dendritic cells, lymphocytes, and endothelial cells (MacLachlan 

et al. 2009). Virus is transported to the local lymph nodes where replication starts 

(Drew et al. 2010a) and then spreads to blood circulation inducing a primary viremia 

reaching secondary organs, such as spleen and lungs, and then diffuse to oral mucosa 

and the hooves (Barratt-Boyes and MacLachlan 1994; Sanchez-Cordon et al. 2010; 

Melzi et al. 2016). The virus replicates in vascular endothelial cells, macrophages, 

and lymphocytes (MacLachlan et al. 1990, 2009; MacLachlan 2004; Barratt-Boyes 

and MacLachlan 1994; Drew et al. 2010b). The severity of the clinical signs of BT 

depends on serotype involved and by immunological status of the affected animals. 

Interaction of specific BTV viral proteins with the host triggers the activation of 

humoral and cellular immune-response which in turn determines host damage 

(Huismans et al. 2004; Caporale et al. 2014; Coetzee et al. 2014; Janowicz et al. 

2015). 

BT in sheep is manifested as hemorrhagic disease; acute symptoms appear after 

an incubation period of 3–6 days, which include fever that may last several days, 

serous and then mucopurulent nasal discharge, excess salivation, lymph node 
swelling, erosions and ulcers of the oral and nasal cavity, edema of the ears and 
neck, respiratory distress, hyperemia, and coronitis. Pathological lesions such as 

petechiae, ecchymosis, or hemorrhages in the pulmonary artery, cardiac lesions 

including pericardial effusion and myocardial necrosis, particularly the left papillary 

muscle, coronary bands around the hooves, vascular congestion, erosion and ulcer- 

ation of the mucosa of the upper gastrointestinal tract, pulmonary edema, pleural 

and/or pericardial effusion, and endothelial hypertrophy with associated perivascular 



 
 

hemorrhage and perivascular edema are observed in severe acute BT in sheep 

(Spreull 1905; Moulton 1961; Erasmus 1975; Verwoerd and Erasmus 2004). 

A swollen cyanotic tongue, from which originated the name Bluetongue, 

although characteristic is rarely detected. Mortality rate can be as high as 70%, 

and it is usually reached when a naïve population of sheep is introduced into an 

endemic area, when novel serotypes/strains emerge, or when stressful environmental 

factors are present. Hyperemia at the coronary bands of the feed and ulceration of the 

oral cavity may be extremely painful, determining reluctance to move and to eat 

resulting in weakness and prostration. Other common symptoms include “wool 

break” and pronounced torticollis. Usually sheep can die from respiratory distress 
and bacterial complications. Acute infection could lead to death within 14 days. 

BTV infection of sheep during initial stages of gestation with field, vaccine or low 

passaged field strains may result in abortion, stillbirth, birth of viraemic animals, 

fetus cerebral and skeletal malformations, or even fetus death (Gard et al. 1987; 

MacLachlan et al. 2009; Rasmussen et al. 2013; Savini et al. 2014; Spedicato 

et al. 2019). 

Infection in cattle and goats is usually asymptomatic or subclinical with 

prolonged viremia (Tweedle and Mellor 2002; MacLachlan et al. 2009). However, 

outbreaks of BTV-8 in European cattle have induced clinical symptoms like those 

described in sheep, including decreased milk production and reproductive disorders 

(abortion, stillbirth, and congenital abnormalities). 

 

 
Diagnosis of BTV: a rapid overview 

 
Prompt diagnosis of BTV infection is essential for the activation of specific control 

and restriction measures as established by the OIE terrestrial manual (OIE 2018). In 

recent years, along with standard and traditional techniques, sophisticated, fast, and 

sensitive methods have been used for the diagnosis of BTV. Diagnosis of BTV 

usually involves detection and identification of specific antigens, antibodies, or RNA in 

diagnostic samples taken from potentially infected animals using virus isolation, 

serological and molecular assays able to identify and characterize the involved 

serotype/strain. Furthermore, recognition of the clinical signs of BT can provide 

an early indication of infection and forms a basis for the passive surveillance. 

However, none of clinical signs are pathognomonic and its severity and range may 

be influenced by several factors such as species, age, virus strains, and immune 

status of the host. 

Currently, the OIE Manual of standard for diagnostic tests and vaccines (OIE 

2018) cites the competitive ELISA as a prescribed test for the detection of BTV 

group-specific antibodies. Then, serum neutralization test (SNT) is regularly used to 

detect and quantify neutralizing antibodies, that are specific for each BTV serotype, 

in serum samples (Jeggo et al. 1986). 

Molecular assay methods are widely used to identify viral RNA of BTV from 

biological specimens (whole blood, spleen, lymph nodes, midges) or from cell- 



 

 

culture isolates by targeting specific viral segments (Wade-Evans et al. 1990; Katz 

et al. 1993; Jimenez-Clavero et al. 2006; Orru et al. 2006; Anthony et al. 2007; Shaw 

et al. 2007; Wilson and Mellor 2009; Hofmann et al. 2008b). A pan RT real-time 

PCR targeting Seg-10 of all known BTV serotypes is available and commonly used 

in reference laboratories (Hofmann et al. 2008b). Genotyping is generally performed 

after genogroup identification with several typing assays which are normally 

performed according to the epidemiological scenario of a given region. These 

assays, either PCR-based or microarrays, target the Seg-2 of the viral genome 

(Curini et al. 2019). Sequencing-based techniques of viral genes are nowadays so 

improved that the complete nucleotide sequence of a single gene can be achieved in 

few hours with a very low error rate. Sequencing of the entire Seg-2 allows the 

identification of BTV serotypes and the characterization of the topotype (Johnson 

et al. 2000; Zientara et al. 2006; Mertens et al. 2007; Maan et al. 2012; Lorusso et al. 

2017). Due to the reassortment capability of BTV, whole genome sequencing has 

become essential to identify reassortant strains. The understanding of this mecha- 

nism is important to predict possible generation of emergent strains in area where 

two or more serotypes/strains normally circulate. In this perspective, next-generation 

sequencing technique is becoming an essential tool to obtain, in a fast manner, the 

complete genome constellation of a BTV isolate or directly from nucleic acids 

purified from biological specimens (Savini et al. 2017; Marcacci et al. 2018; Cappai 

et al. 2019). 

 

 
 

Application to Prevention and Control/Adopted Surveillance 
and Control Strategies 

 
The application of control measures for a vector-borne disease such as BT can be 

difficult to adopt and are greatly influenced by the constraints of relevant nation and 

international legislation and agreements. Diagnostic methods are essential to collect 

fundamental information about origins, distribution, and prevalence in BT monitor- 

ing and surveillance, to identify routes of incursion and movements of viruses. These 

data are on the basis of risk assessment and for the implementation of appropriate 

control strategies. 

In 2008, the European Food Safety Authority (EFSA) published the scientific 

opinion of the Panel on Animal Health and Welfare (Question No EFSA-Q-2007- 

201), which provides strategic guidelines for the urgent strengthening of insect 

vector control measures, as a key approach to preventing BT disease and responding 

to epidemics. Since the virus is primarily transmitted by infected Culicoides, it is 

necessary, where possible, to either limit the exposition of susceptible animals 

during maximum vector activity or apply strictly farm management measures (i.e., 

store animals during the night, avoid water stagnation and night pasture, and use 

insecticides and repellents) aimed to reduce the number of insects in the farming area 

(Braverman and Chizov-Ginzburg 1997; Tweedle and Mellor 2002). Entomological 



 
 

surveillance throughout vector sampling can be used to collect essential data about 

the presence, abundance, proportions, and seasonal variations in the numbers of 

adult Culicoides or to identify new potential vector species. 

The application of restriction of animal movement and trading and the introduc- 

tion of surveillance strategies in restriction zones are necessary for the monitoring 

and the control of disease spreading from unaffected to affected areas (Caporale and 

Giovannini 2010; MacLachlan and Mayo 2013). Movement restriction could be 

rather impossible to achieve or even to control, in areas such as sub-Saharan Africa 

where camelids, which have been proven to be competent host for the virus, are used by 

nomadic tribes as transport vehicles during long-distance travels to reach either 

markets of farming areas. 

Since clinical signs of BT may be unrecognized or go unnoticed, particularly in 
cattle and wild ruminants, serological surveillance is currently in use more than 

clinical surveillance. BTV circulation can be monitored using “sentinel animals,” 

selected and tested seronegative, monitored regularly to confirm the absence of virus  
circulation. The rapid nature of currently available assays and their potential for 

high-throughput automation are particularly valuable for large-scale surveillance by 

national and international reference laboratories. Vaccination is the main control 

measure for BTV. Modified live vaccines (MLV), developed in endemic areas in 

South Africa, have been used in several parts of the world for seasonal vaccination 

campaigns and have been also used during past European outbreaks (Savini et al. 

2004; Roy et al. 2009; McVey and MacLachlan 2015). However, due to safety issues 

such as reassortment with field strains, reversion to virulence, transmission to insect 

vectors and by them to unvaccinated animals, side effects in inoculated animals such 

as development of clinical signs, reduction in milk production, semen secretion of 

the virus, and abortion, MLV were withdrawn and replaced by inactivated vaccines 

(Dungu et al. 2004; Monaco et al. 2004; Veronesi et al. 2010; Savini et al. 2007, 

2008; 2014). Inactivated vaccine can be considered safer and are currently used as 

monovalent, bivalent, and tetravalent formula (Savini et al. 2008; Reddy et al. 2010). 

Their efficiency and the presence of only few side effects have induced the pharma- 

ceutical companies to produce copious quantities of inactivated vaccines overcom- 

ing major downsides such as large cost of production. 

To date, several approaches have been used for the development of new gener- 

ation vaccines able to offer major protection, low-cost production, and almost none 

safety issues when compared to the traditional live attenuated or inactivated vac- 

cines. Modern vaccines are designed to accomplish what is called DIVA strategy 

(differentiating infected from vaccinated animals) which is normally achieved by 

designing a serological test detecting a viral protein that is not present in the vaccine. 

DIVA strategy is mainly based on the production of recombinant vaccines. 

The achievement of reverse genetics system for BTV is an important landmark 

for the research and development of new generation vaccines, which are able to offer 

good protection and safety and can be used in a DIVA strategy (Celma et al. 2013). 

Reverse genetics allow the generation of replication competent virus starting from 

plasmids (Boyce et al. 2008). 



 

 

This approach gives the possibility to “play” with the viral segments to either 

understand their role in virus replication and to generate safe replication competent 

vaccines. By reverse genetics it is possible to engineer disabled infectious single- 

cycle (DISC) and disabled infectious single-animal (DISA) vaccines. 

DISA vaccines do not produce viremia in sheep and there is no risk of transmis- 

sion by insect vectors (Feenstra et al. 2015). Although DISC and DISA vaccines 

seem to be very promising, cost production for the generation of large quantities of 

synthetic viruses is still an issue (Feenstra and van Rijn 2017). Overall, it is 

important to perform correct surveillance in order to predict as much as possible 

outbreaks of novel BTV strains. This can be achieved only by strong collaboration 

between farmers, veterinarians, and researchers. 

 

 
 

References 

 
Abu Elzein EME. Precipitating antibodies against bluetongue and foot and mouth disease viruses in 

cattle between the two Niles in Khartoum Province, Sudan. Rev Sci Tech Off Int Epiz. 

1983;2:1059–66. 
Abu Elzein EME, Tag Eldin MH. The first outbreaks of sheep bluetongue in Khartoum Province, 

Sudan. Rev Sci Tech Off Int Epiz. 1985;4:509–15. 
Adam IA, Abdalla MS, Mohamed MEH, Aradaib IE. Prevalence of bluetongue virus infection and 

associated risk factors among cattle in North Kordufan State, Western Sudan. BMC Vet Res. 

2014;10:94–101. 

Anon. Records of the Animal Production Department. Sudan: Government; 1953. 

Anthony S, Jones H, Darpel KE, Elliott H, Maan S, Samuel A, Mellor PS, Mertens PP. A duplex 
RT-PCR assay for detection of genome segment 7 (VP7gene) from 24 BTV serotypes. J Virol 

Methods. 2007;141:188–97. 

Attoui H, Maan SS, Anthony SJ, Mertens PPC. Bluetongue virus, other orbiviruses and other 

reoviruses: their relationships and taxonomy. 1st ed. London: Elsevier/Academic Press; 2009. 

p. 23–552. 

Bakhoum M, Fall M, Fall A, Bellis G, Gottlieb Y, Labuschagne K. First record of Culicoides 

oxystoma Kieffer and diversity of species within the Schultzei group of Culicoides Latreille 

(Diptera: Ceratopogonidae) biting midges in Senegal. PLoS One. 2013;8:1–8. 

Barratt-Boyes SM, MacLachlan NJ. Dynamics of viral spread in bluetongue virus infected calves. 

Vet Microbiol. 1994;40:361–71. 
Belbis G, Zientara S, Brèard E, Sailleau C, Caignard G, Vitour D, Attoui H. Bluetongue virus: from 

BTV-1 to BTV-27. Adv Virus Res. 2017;99:161–97. 

Belhouchet M, Mohd Jaafar F, Firth AE, Grimes JM, Mertens PPC, Attoui H. Detection of a fourth 

orbivirus non-structural protein. PLoS One. 2011;6(10):e25697. https://doi.org/10.1371/jour 

nal.pone.0025697. 

Bida SA, Eid FIA. Bluetongue of sheep in Nigeria. J Nig Vet Med Assoc. 1974;3:12–6. 
Bonneau KR, Demaula CD, Mullens BA, MacLachlan NJ. Duration of viraemia infectious 

to Culicoides sonorensis in Bluetongue virus-infected cattle and sheep. Vet Microbiol. 

2002;88(2):115–25. 

Borkent A. The biting midges, the Ceratopogonidae (Diptera). In: Marquardt WH, editor. Biology 

of disease vectors. Burlington, MA: Elsevier Academic Press; 2005. p. 113–26. 

Boyce M, Celma CCP, Roy P. Development of reverse genetics systems for Bluetongue virus: 

recovery of infectious virus from synthetic RNA transcripts. J Virol. 2008;82:8339–48. 

https://doi.org/10.1371/journal.pone.0025697
https://doi.org/10.1371/journal.pone.0025697


 
 

Braverman Y, Chizov-Ginzburg A. Repellency of synthetic and plant-derived preparations for 

Culicoides imicola. Med Vet Entomol. 1997;11(4):355–60. 
Bumbarov V, Golender N, Erster O, Khinich Y. Detection and isolation of Bluetongue virus from 

commercial vaccine batches. Vaccine. 2016;34:3317–23. 

Calistri P, Giovannini A, Conte A, Nannini D, Santucci U, Patta C, Rolesu S, Caporale V. 

Bluetongue in Italy: Part I. Vet Ital. 2004;40(3):243–51. 

Caporale V, Giovannini A. Bluetongue control strategy, including recourse to vaccine: a critical 

review. Rev Sci Tech. 2010;29(3):573–91. 

Caporale M, Di Gialleonorado L, Janowicz A, Wilkie G, Shaw A, Savini G, Van Rijn PA, 
Mertens P, Di Ventura M, Palmarini M. Virus and host factors affecting the clinical outcome 

of Bluetongue virus infection. J Virol. 2014;88:10399–411. 

Cappai S, Loi F, Coccollone A, Contu M, Capece P, Fiori M, Canu S, Foxi C, Rolesu 

S. Retrospective analysis of Bluetongue farm risk profile definition, based on biology, farm 

management practices and climatic data. Prev Vet Med. 2018;155:75–85. 

Cappai S, Rolesu S, Loi F, Liciardi M, Leone A, Marcacci M, Teodori L, Mangone I, Sghaier S, 

Portanti O, Savini G, Lorusso A. Western Bluetongue virus serotype 3 in Sardinia, diagnosis 

and characterization. Transbound Emerg Dis. 2019;66(3):1426–31. 

Carpenter S, Veronesi E, Mullens B, Venter G. Vector competence of Culicoides for arboviruses: 

three major periods of research, their influence on current studies and future directions. Rev Sci 

Tech Off Int Epiz. 2015;34(1):97–112. 

Carpi G, Holmes EC, Kitchen A. The evolutionary dynamics of Bluetongue virus. J Mol Evol. 

2010;70:583–92.  https://doi.org/10.1007/s00239-010-9354-y. 
Celma CCP, Boyce M, van Rijn PA, Eschbaumer M, Wernike K, Hoffmann B, Beer M, 

Haegeman A, De Clercq K, Roy P. Rapid generation of replication-deficient monovalent and 
multivalent vaccines for Bluetongue virus: protection against virulent virus challenge in cattle 

and sheep. J Virol. 2013;87:9856–64. 
Clavijo A, Heckert RA, Dulac GC, Afshar A. Isolation and identification of Bluetongue virus. 

J Virol Methods. 2000;87(1–2):13–23. 
Coetzee P, Stokstad M, Venter EH, Myrmel M, Van Vuuren M. Bluetongue: a historical and 

epidemiological perspective with the emphasis on South Africa. Virol J. 2014;9:198. 

Conte A, Giovannini A, Savini G, Goffredo M, Calistri P, Meiswinkel R. The effect of climate on 

the presence of Culicoides imicola in Italy. J Veterinary Med Ser B. 2003;50:139–47. 

Conte A, Goffredo M, Ippoliti C, Meiswinkel R. Influence of biotic and abiotic factors on the 

distribution and abundance of Culicoides imicola and the Obsoletus Complex in Italy. Vet 

Parasitol. 2007;150(4):333–44. 

Curini V, Marcacci M, Tonelli A, Di Teodoro G, Di Domenico M, D'Alterio N, Portanti O, Ancora 

M, Savini G, Panfili M, Cammà C, Lorusso A. Molecular typing of Bluetongue virus using the 

nCounter analysis system platform. J Virol Methods. 2019;269:64–9. 

De Koeijer AA, Elbers ARW. Modelling of vector-borne diseases and transmission of Bluetongue 

virus in North-West Europe, Chapter 6. In: Takken W, Knols BGJ, editors. Ecology and control 

of vector-borne disease, vol. 1. Wageningen: Wageningen Academic; 2007. p. 99–112. 

De Liberato C, Purse BV, Goffredo M, Scholl F, Scaramozzino P. Geographical and seasonal 

distribution of the Bluetongue virus vector, Culicoides imicola, in central Italy. Med Vet 

Entomol. 2003;17:388–94. 

Drew CP, Gardner IA, Mayo CE, Matsuo E, Roy P, MacLachlan NJ. Bluetongue virus infection 

alters the impedance of monolayers of bovine endothelial cells as a result of cell death. Vet 

Immunol Immunopathol. 2010a;138:108–15. 

Drew CP, Heller MC, Mayo C, Watson JL, MacLachlan NJ. Bluetongue virus infection activates 

bovine monocyte-derived macrophages and pulmonary artery endothelial cells. Vet Immunol 

Immunopathol. 2010b;136:292–6. 

Du Toit RM. The transmission of Bluetongue and horse sickness by Culicoides. Onderstepoort 

J Vet Sci Anim Ind. 1944;19:7–16. 

https://doi.org/10.1007/s00239-010-9354-y


 

 

Dungu B, Gerdes T, Smit T. The use of vaccination in the control of Bluetongue in southern Africa. 

Vet Ital. 2004;40:616–22. 
Eisa M, Karrar AE, Elrahim A. Incidence of Bluetongue virus precipitating antibodies in sera of 

some domestic animals in the Sudan. J Hyg. 1979;83(3):539–45. 

Eisa M, Osman OM, Karrar AE, Abdel Rahim AH. An outbreak of Bluetongue in sheep in the 

Sudan. Vet Rec. 1980;106(23):481–2. 

Ekue FN, Nfi AN, Tsangue P, et al. Bluetongue in exotic sheep in Cameroon. Trop Anim Health 
Prod. 1985;17:187. 

Erasmus BJ. The control of Bluetongue in an enzootic situation. Aust Vet J. 1975;51:209–10. 

European Food Safety Authority (EFSA). Scientific Opinion of the Scientific Panel on Animal 

Health and Welfare on request from the European Commission on Bluetongue Vectors and 

Vaccines. EFSA J. 2007;479:1–29. 

Fall M, Diarra M, Fall AG, Balenghien T, Seck MT, Bouyer J, Garros C, Gimonneau G, Allène X, 

Mall I, Delécolle JC, Rakotoarivony I, Bakhoum MT, Dusom AM, Ndao M, Konaté L, Faye O, 
Baldet T. Culicoides (Diptera: Ceratopogonidae) midges, the vectors of African horse sickness 

virus—a host/vector contact study in the Niayes area of Senegal. Parasit Vectors. 2015a;8:39. 

Fall M, Fall AG, Seck MT, Bouyer J, Diarra M, Lancelot R, Gimonneau G, Garros C, Bakhoum 

MT, Faye O, Baldet T, Balenghien T. Host preferences and circadian rhythm of Culicoides 
(Diptera: Ceratopogonidae), vectors of African horse sickness and Bluetongue viruses in 

Senegal. Acta Trop. 2015b;149:239–45. 

Feenstra F, van Rijn PA. Current and next-generation Bluetongue vaccines: requirements, strate- 

gies, and prospects for different field situations. Crit Rev Microbiol. 2017;43:142–55. 
Feenstra F, Eenstraab JSP, van Rijnac PA. Application of Bluetongue Disabled Infectious Single 

Animal (DISA) vaccine for different serotypes by VP2 exchange or incorporation of chimeric 

VP2. Vaccine. 2015;33:812–8. 

Foxi C, Delrio G, Falchi G, Marche MG, Satta G, Ruiu L. Role of different Culicoides vectors 

(Diptera: Ceratopogonidae) in bluetongue virus transmission and overwintering in Sardinia 

(Italy). Parasit Vectors. 2016;9(1):440. 

Gambles RM. Bluetongue of sheep in Cyprus. J Comp Pathol. 1949;59:176–90. 
Gard GP, Shorthose JE, Weir RP, Erasmus BJ. The isolation of a Bluetongue serotype new to 

Australia. Aust Vet J. 1987;64:87–8. 

Gibbs EP, Greiner EC. The epidemiology of Bluetongue. Comp Immunol Microbiol Infect Dis. 

1994;17:207–20. 
Goossens B, Osaer S, Kora S, Chandler KJ, Petrie L, Thevasagayam JA, Woolhouse T, Anderson 

J. Abattoir survey of sheep and goats in the Gambia. Vet Rec. 1998;142(11):277–81. 
Gorman BM, Taylor J, Walker PJ, Davidson WL, Brown F. Comparisons of Bluetongue type 

20 with certain viruses of the Bluetongue and Eubenangee serological groups of orbiviruses. 

J Gen Virol. 1981;57:251–61. 

Gould AR, Hyatt AD. The Orbivirus genus. Diversity, structure, replication and phylogenetic 
relationships. Comp Immunol Microbiol Infect Dis. 1994;17:163–88. https://doi.org/10.1016/ 

0147-9571(94)90041-8. 
Hafez SM, Ozawa Y. Serological survey of Bluetongue in Egypt. Bull Epiz Dis Afr. 1973;21 

(3):297–304. 

Häsler B, Howe KS, Di Labio E, Schwermer H, Stärk KDC. Economic evaluation of the surveil- 

lance and intervention programme for Bluetongue virus serotype 8 in Switzerland. Prev Vete 

Med. 2012;103:93–111. 

Hofmann MA, Renzullo S, Mader M, Chaignat V, Worwa G, Thuer B. Genetic characterization of 

Toggenburg Orbivirus, a new Bluetongue virus, from goats, Switzerland. Emerg Infect Dis. 

2008a;14:1855–61. 

Hofmann M, Griot C, Chaignat V, Perler L, Thur B. Bluetongue disease reaches Switzerland. 

Schweiz Arch Tierheilkd. 2008b;150:49–56. 

Huismans H. Protein synthesis in Bluetongue virus infected cells. Virology. 1979;92:385–96. 

https://doi.org/10.1016/0147-9571(94)90041-8
https://doi.org/10.1016/0147-9571(94)90041-8


 
 

Huismans H, Van Staden V, Fick WC, Van Niekerk M, Meiring TL, Texeira L. A comparison of 
different Orbivirus proteins that could affect virulence and pathogenesis. In : Proceedings of the 

third OIE Bluetongue international symposium, Oct 26–29; 2004. 

Hutcheon D. Malarial catarrhal fever of sheep. Vet Res. 1902;14:629–33. 
ICTV. Virus taxonomy: 2014 release; 2018. Retrieved 15 Jun 2015. 

Ismail JM, Martin J, Nazmi A. Bluetongue neutralization test with different virus under variable 

condition. Agr Res Rev Egypt. 1987;65(5):867–72. 

Jafari-Shoorijeh S, Ramin AG, MacLachlan NJ, Osburn BI, Tamadon A, Behzadi MA, Mahdavi M, 

Araskhani A, Samani D, Rezajou N, Amin-Pour A. High seroprevalence of Bluetongue virus 
infection in sheep flocks in West Azerbaijan, Iran. Comp Immunol Microbiol Infect Dis. 

2010;33:243–7. 

Janowicz A, Caporale M, Shaw A, Gulletta S, DiGialleonardo L, Ratinier M, Palmarini M. Multiple 

genome segments determine virulence of Bluetongue virus serotype 8. J Virol. 

2015;89:5238–49. 

Jeggo MH, Wardley C, Brownlie J, Corteyn AH. Serial inoculation of sheep with two Bluetongue 

virus types. Res Vet Sci. 1986;40:386–92. 

Jiménez-Clavero MA, Agüero M, San Miguel E, Mayoral T, López MC, Ruano MJ, Romero E, 
Monaco F, Polci A, Savini G, Gomez-Tejedor C. High throughput detection of Bluetongue virus by 
a new real-time fluorogenic reverse transcription-polymerase chain reaction: application on 

clinical samples from current Mediterranean outbreaks. J Vet Diagn Investig. 2006;18:7–17. 
Johnson DJ, Wilson WC, Paul PS. Validation of a reverse tran-scriptase multiplex PCR test for the 

serotype determination of U.S. isolates of Bluetongue virus. Vet Microbiol. 2000;76:105–15. 
Katz JB, Alstad AD, Gustafson GA, Moser KM. Sensitive identification of Bluetongue virus 

serogroup by a colorimetric dual oligonucleotide sorbent assay of amplified viral nucleic acid. 

J Clin Microbiol. 1993;31:3028–30. 

Lefevre PC, Taylor WP. Situation épidemiologique de la fièvre catarrhale du mouton (Blue tongue) au 

Sénégal. Rev Elev Méd Vét Pays Trop. 1983;36(3):241–5. 

Lorusso A, Sghaier S, Carvelli A, Di Gennaro A, Leone A, Marini V, Pelini S, Marcacci M, 
Rocchigiani AM, Puggioni G, Savini G. Bluetongue virus serotypes 1 and 4 in Sardinia during 
autumn 2012: new incursions or re-infection with old strains? Infect Genet Evol. 2013;19:81–7. 

https://doi.org/10.1016/j.meegid.2013.06.028. 

Lorusso A, Sghaier S, Ancora M, Marcacci M, Di Gennaro A, Portanti O, Savini G. Molecular 
epidemiology of Bluetongue virus serotype 1 circulating in Italy and its connection with 

northern Africa. Infect Genet Evol. 2014;28:44–9. 

Lorusso A, Baba D, Spedicato M, Teodori L, Bonfini B, Marcacci M, Di Provvido A, Isselmou K, 

Marini V, Carmine I, Scacchia M, Di Sabatino D, Petrini A, Bezeid BA, Savini G. Bluetongue 
virus surveillance in the Islamic Republic of Mauritania: is serotype 26 circulating among cattle and 

dromedaries? Infect Genet Evol. 2016;40:109–12. https://doi.org/10.1016/j.meegid.2016. 

02.036. 

Lorusso A, Guercio A, Purpari G, Cammà C, Calistri P, D’Alterio N, Hammami S, Sghaier S, 

Savini G. Bluetongue virus serotype 3 in Western Sicily, November 2017. Vet Ital. 2017;53 
(4):273–5. 

Lorusso A, Sghaier S, Di Domenico M, Barbria ME, Zaccaria G, Megdich A, Portanti O, Seliman 

IB, Spedicato M, Pizzurro F, Carmine I, Teodori L, Mahjoub M, Mangone I, Leone A, 
Hammami S, Marcacci M, Savini G. Analysis of Bluetongue serotype 3 spread in Tunisia and 
discovery of a novel strain related to the Bluetongue virus isolated from a commercial sheep pox 

vaccine. Infect Genet Evol. 2018;59:63–71. https://doi.org/10.1016/j.meegid.2018.01.025. 

Lundervold M, Milner-Gulland EJ, O’Callaghan CJ, Hamblin C. First evidence of Bluetongue virus 

in Kazakhstan. Vet Microbiol. 2003;92:281–7. 
Maan S, Maan NS, Ross-Smith N, Batten CA, Shaw AE, Anthony SJ, Samuel AR, Darpel KE, 

Veronesi E, Oura CA, Singh KP, Nomikou K, Potgieter AC, Attoui H, van Rooij E, van Rijn P, 
De Clercq E, Vandenbussche F, Zientara S, Bréard E, Sailleau C, Beer M, Hoffman B, Mellor 
PS, Mertens PP. Sequence analysis of Bluetongue virus serotype 8 from the Netherlands 2006 

and comparison to other European strains. Virology. 2008;377:308–18. 

https://doi.org/10.1016/j.meegid.2013.06.028
https://doi.org/10.1016/j.meegid.2016.02.036
https://doi.org/10.1016/j.meegid.2016.02.036
https://doi.org/10.1016/j.meegid.2018.01.025


 

 

Maan S, Maan NS, Nomikou K, Veronesi E, Bachanek-Bankowska K, Belaganahalli MN, Attoui 

H, Mertens PP. Complete genome characterisation of a novel 26th Bluetongue virus serotype 

from Kuwait. PLoS One. 2011;6:e26147. 

Maan NS, Maan S, Belaganahalli   MN, Ostlund EN, Johnson DJ, Nomikou K, Mertens PP. 

Identification and differentiation of the twenty six Bluetongue virus serotypes by RT-PCR 

amplification of the serotype-specific genome segment 2. PLoS One. 2012;7:e32601. 

MacLachlan NJ. Bluetongue: pathogenesis and duration of viraemia. Vet Ital. 2004;40(4):462–7. 

MacLachlan NJ. Global implications of the recent emergence of Bluetongue virus in Europe. Vet 

Clin North Am Food Anim Pract. 2010;26:163–71. 
MacLachlan NJ, Mayo CE. Potential strategies for control of Bluetongue, a globally emerging, 

Culicoides-transmitted viral disease of ruminant livestock and wildlife. Antivir Res. 2013;99 

(2):79–90. 

MacLachlan NJ, Jagels G, Rossitto PV, Moore PF, Heidner HW. The pathogenesis of experimental 

Bluetongue virus infection of calves. Vet Pathol. 1990;27:223–9. 

MacLachlan NJ, Drew CP, Darpel KE, Worwa G. The pathology and pathogenesis of Bluetongue. 

J Comp Path. 2009;141:1–16. 
Mahmoud AS, Savini G, Spedicato M, Monaco F, Carmine I, Lorusso A, Francesco T, Mazzei M, 

Forzan M, Eldaghayes I, Dayhum A. Exploiting serological data to understand the epidemiol- 
ogy of Bluetongue virus serotypes circulating in Libya. Vet Med Sci. 2018;5(1):79–86. https:// 

doi.org/10.1002/vms3.136. 

Marcacci M, Sant S, Mangone I, Goria M, Dondo A, Zoppi S, van Gennip RGP, Radaelli MC, 
Cammà C, van Rijn PA, Savini G, Lorusso A. One after the other: a novel Bluetongue virus 
strain related to Toggenburg virus detected in the Piedmont region (North-western Italy), 

extends the panel of novel atypical BTV strains. Transbound Emerg Dis. 2018;65(2):370–4. 

https://doi.org/10.1111/tbed.12822. 

McVey DS, MacLachlan NJ. Vaccines for prevention of Bluetongue and epizootic hemorrhagic 
disease in livestock—a North American perspective. Vector Borne Zoonotic Dis. 

2015;15:385–96. 

Mecham JO, Nunamaker RA. Complex interactions between vectors and pathogens: Culicoides 

variipennis sonorensis (Diptera: Ceratopogonidae) infection rates with Bluetongue viruses. 

J Med Entomol. 1994;31(6):903–7. 

Meiswinkel R, Nevill EM, Venter GJ. Vectors: Culicoides spp. In: Coetzer JAW, Tustin RC, 

editors. Infectious diseases of livestock with special reference to Southern Africa, vol. 1. Cape 

Town: Oxford University Press; 1994. p. 69–89. 

Meiswinkel R, Gomulski LM, Delecolle JC, Goffredo M, Gasperi G. The taxonomy of Culicoides 

vector complexes—unfinished business. Vet Ital. 2004;40:151–9. 

Meiswinkel R, Baldet T, de Deken R, Takken W, Delecolle JC, Mellor PS. The 2006 outbreak of 

Bluetongue in northern Europe—the entomological perspective. Prev Vet Med. 2008;87:55–63. 

Mellor PS, Osborne R, Jennings DM. Isolation of Bluetongue and related viruses from Culicoides 

spp. in the Sudan. J Hyg. 1984;93(3):621–8. 

Mellor PS, Boorman J, Baylis M. Culicoides biting midges: their role as Arbovirus vectors. Annu 

Rev Entomol. 2000;45:307–40. 

Melzi E, Caporale M, Rocchi M, Martín V, Gamino V, Di Provvido A, Marruchella G, Entrican G, 
Sevilla N, Palmarini M. Follicular dendritic cell disruption as a novel mechanism of virus- 

induced immunosuppression. PNAS. 2016;113(41):E6238–47. 

Mertens PPC, Maan S, Samuel A, Attoui H. Orbiviruses, reoviridae. In: Fauquet CM, Mayo MA, 
Maniloff J, Desselberger U, Ball LA, editors. Virus taxonomy eighth report of the International 

Committee on Taxonomy of Viruses. London: Elsevier/Academic Press; 2005. p. 466–83. 

Mertens PPC, Maan NS, Prasad G, Samuel AR, Shaw AE, Potgieter AC, Anthony SJ, Maan S. The 

design of primers and use of RT-PCR assays for typing European BTV isolates: differentiation 

of field and vaccine strains. J Gen Virol. 2007;88:2811–23. 

Monaco F, De Luca N, Spina P, Morelli D, Liberatore I, Citarella R, Savini G, MacLachlan NJ, 

Pearson JE. Virological and serological responses in cattle following field vaccination with 

https://doi.org/10.1002/vms3.136
https://doi.org/10.1002/vms3.136
https://doi.org/10.1111/tbed.12822


 
 

bivalent modified-live vaccine against Bluetongue virus serotype 2 and 9. Vet Ital. 

2004;40:657–60. 

Moore DL, Kemp GE. Bluetongue and related viruses in Ibadan, Nigeria. Serologic studies of 

domesticated and wild animals. Am J Vet Res. 1974;35:1115–20. 

Moulton JE. Pathology of Bluetongue of sheep. J Am Vet Med Assoc. 1961;138:493–8. 
OIE. Chapter 8.3. Infection with Bluetongue virus. OIE Terrestrial Animal Health Code, 27th ed. 

2018. Isbn:978-92-95108-59-2. 

Orrù G, Ferrando ML, Meloni M, Liciardi M, Savini G, De Santis P. Rapid detection and 
quantitation of Bluetongue virus (BTV) using a Molecular Beacon fluorescent probe assay. 

J Virol Methods. 2006;137:34–42. 

Owen NC, Munz EK. Observations on a strain of Bluetongue virus by electron microscopy. 

Onderstepoort J Vet Res. 1966;33:9–14. 
Purse BV, Baylis M, Tatem AJ, et al. Predicting the risk of Bluetongue through time: climate 

models of temporal patterns of outbreaks in Israel. Rev Sci Tech Off Int Epiz. 2004a;23:761–75. 

Purse BV, Tatem AJ, Caracappa S, Rogers DJ, Mellor PS, Baylis M, Torina A. Modelling the 
distributions of Culicoides Bluetongue virus vectors in Sicily in relation to satellite derived 

climate variables. Med Vet Entomol. 2004b;18:90–101. 
Purse BV, Mellor PS, Rogers DJ, Samuel AR, Mertens PPC, Baulis M. Climate change and the 

recent emergence of Bluetongue in Europe. Nat Rev Microbiol. 2005;3:171–81. 

Purse BV, Brown HE, Harrup L, Mertens PPC, Rogers DJ. Invasion of Bluetongue and other 
arbovirus infections into Europe: the role of biological and climatic processes. Rev Sci Tech. 

2008;27:427–42. 

Rasmussen LD, Savini G, Lorusso A, Bellacicco A, Palmarini M, Caporale M, Rasmussen T, 

Belsham GJ, Bøtner A. Transplacental transmission of field and rescued strains of BTV-2 and 

BTV-8 in experimentally infected sheep. Vet Res. 2013;44(1):75. 

Ratinier M, Caporale M, Golder M, Franzoni G, Allan K, Nunes SF, Armezzani A, Bayoumy A, 

Rixon F, Shaw A, Palmarini M. Identification and characterization of a novel non-structural 

protein of Bluetongue virus. PLoS Pathog. 2011;7(12):e1002477. https://doi.org/10.1371/jour 

nal.ppat.1002477. 
Rawlings P, Capela R, Pro MJ, et al. The relationship between climate and the distribution of 

Culicoides imicola in Iberia. Arch Virol. 1998;14:93–102. 
Reddy YK, Manohar BM, Pandey AB, Reddy YM, Prasad G, Chauhan RS. Development and 

evaluation of inactivated pentavalent adjuvanted vaccine for Bluetongue. Indian Vet 

J. 2010;87:434–6. 

Roy P, Boyce M, Noad R. Prospects for improved Bluetongue vaccines. Nat Rev Microbiol. 

2009;7:120–8. 
Ruiz-Fons F, Reyes-García AR, Alcaide V, Gortázar C. Spatial and temporal evolution of Blue- 

tongue virus in wild ruminants, Spain. Emerg Infect Dis. 2008;14:951–3. 

Rushton J. The economics of animal health and production. Oxfordshire: CAB International; 2009. 

p. 193–7. 

Saeed SI. A survey of Bluetongue virus antibodies and associate risk factors among camels in 
Khartoum state, Sudan. J Camel Res Prod; 2017. 

Sánchez-Cordón PJ, Rodríguez-Sánchez B, Risalde MA, Molina V, Pedrera M, Sánchez-Vizcaíno 
JM, Gómez-Villamandos JC. Immunohistochemical detection of Bluetongue virus in fixed 

tissue. J Comp Pathol. 2010;143:20–8. 

Savini G, Monaco F, Citarella R, Calzetta G, Panichi G, Ruiu A, Caporale V. Monovalent modified 

vaccine against Bluetongue virus serotype 2: immunity studies in cows. Vet Ital. 

2004;40:664–7. 

Savini G, Ronchi GF, Leone A, Ciarelli A, Migliaccio P, Franchi P, Mercante MT, Pini A. An 

inactivated vaccine for the control of Bluetongue virus serotype 16 infection in sheep in Italy. 

Vet Microbiol. 2007;124:140–6. 

Savini G, MacLachlan NJ, Sanchez-Vizcaino JM, Zientara S. Vaccines against Bluetongue in 

Europe. Comp Immunol Microbiol Infect Dis. 2008;31:101–20. 

https://doi.org/10.1371/journal.ppat.1002477
https://doi.org/10.1371/journal.ppat.1002477


 

 

Savini G, Lorusso A, Paladini C, Migliaccio P, Di Gennaro A, Di Provvido A, Scacchia M, Monaco 

F. Bluetongue Serotype 2 and 9 Modified Live Vaccine Viruses as Causative Agents of 
Abortion in Livestock: A Retrospective Analysis in Italy. Transbound Emerg Dis. 2014;61 

(1):69–74. 

Savini G, Puggioni G, Meloni G, Marcacci M, Di Domenico M, Rocchiggiani AM, Spedicato M, 

Oggiano A, Manunta D, Teodori L, Leone A, Portanti O, Cito F, Conte A, Orsini M, Cammà C, 
Calistri P, Giovannini A, Lorusso A. Novel putative Bluetongue virus in healthy goats from 

Sardinia, Italy. Infect Genet Evol. 2017;51:108–17. 

Schulz C, Breard E, Sailleau C, Jenckel M, Viarouge C, Vitour D, Palmarini M, Gallois M, 

Höper D, Hoffmann B, Beer M, Zientara S. Bluetongue virus serotype 27: detection and 

characterization of two novel variants in Corsica, France. J Gen Virol. 2016;97(9):2073–83. 

Schwartz-Cornil I, Mertens PP, Contreras V, Hemati B, Pascale F, Bréard E, Mellor PS, 

MacLachlan NJ, Zientara S. Bluetongue virus: virology, pathogenesis and immunity. Vet Res. 

2008;39(5):46. 

Scottish Government. Assessing the economic impact of different Bluetongue Virus (BTV) incur- 

sion scenarios in Scotland. Technical report Commission Number CR/2007/56; 2008. http:// 

www.gov.scot/Resource/Doc/241420/0067122.pdf. Accessed Mar 2015. 

Sellers RF. Bluetongue in Africa, the Mediterranean region and near east—disease, virus and 

vectors. Prev Vet Med. 1984;2(1–4):371–8. 

Sellers RF, Mellor PS. Temperature and the persistence of viruses in Culicoides spp. during adverse 

conditions. Rev Sci Tech. 1993;12:733–55. 

Sellers RF, Taylor WP. Epidemiology of Bluetongue and the import and export of livestock, semen 

and embryos. Bull Off Int Epiz. 1980;92:587–92. 

Sellers RF, Pedgley DE, Tucker MR. Possible windborne spread of Bluetongue to Portugal. J Hyg. 

1979;81:181–96. 
Sghaier S, Lorusso A, Portanti O, Marcacci M, Orsini M, Barbria ME, Mahmoud AS, Hammami S, 

Petrini A, Savini G. A novel Bluetongue virus serotype 3 strain in Tunisia, November 2016. 

Transbound Emerg Dis. 2017;64(3):709–15. https://doi.org/10.1111/tbed.12640. 

Shaw AE, Monaghan P, Alpar HO, Anthony S, Darpel KE, Batten CA, Guercio A, Alimena G, 

Vitale M, Bankowska K, Carpenter S, Jones H, Oura CAL, King DP, Elliott H, Mellor PS, 
Mertens PPC. Development and initial evaluation of a real-time RT-PCR assay to detect 

Bluetongue virus genome segment 1. J Virol Methods. 2007;145:115–26. 

Spedicato M, Carmine I, Teodori L, Leone A, Casaccia C, Di Gennaro A, Di Francesco G, 
Marruchella G, Portanti O, Marini V, Pisciella M, Lorusso A, Savini G. Transplacental 

transmission of the Italian Bluetongue virus serotype 2 in sheep. Vet Ital. 2019;55(2):131–41. 

Sperlova A, Zendulkova D. Bluetongue: a review. Vet Med. 2011;56(9):430–52. 
Spreull J. Report from veterinary surgeon Spreull on the result of his experiments with the malarial 

catarrhal fever of sheep. Agric J Cape Good Hope. 1902;20:469–77. 

Spreull J. Malarial catarrhal fever (Bluetongue) of sheep in South Africa. J Comp Pathol Ther. 

1905;18:321–37. 
Staubach C, Conte A, Meiswinkel R, Gethmann J, Unger F, Frohlich A, Gloster J, Purse 

B. Epidemiological analysis of the 2006 Bluetongue virus serotype 8 epidemic in North- 

Western Europe: role of environmental factors—small scale environmental analysis. EFSA 

report; 2007. 

Stewart M, Hardy A, Barry G, Pinto RM, Caporale M, Melzi E, Palmarini M. Characterization of a 
second open reading frame in genome segment 10 of Bluetongue virus. J Gen Virol. 2015;96 

(11):3280–93. 

Studdert MJ, Pangborn J, Addison RB. Bluetongue virus structure. Virology. 1966;29:509–11. 
Sun EC, Huang LP, Xu QY, Wang HX, Xue XM, Lu P, Li WJ, Liu W, Bu ZG, Wu DL. Emergence 

of a novel Bluetongue virus serotype, China 2014. Transboun Emerg Dis. 2016;63(6):585–9. 

Tabachnick WJ. Culicoides and the global epidemiology of Bluetongue virus infection. Vet Ital. 

2004;40(3):145–50. 

http://www.gov.scot/Resource/Doc/241420/0067122.pdf
http://www.gov.scot/Resource/Doc/241420/0067122.pdf
https://doi.org/10.1111/tbed.12640


 
 

Tatem AJ, Baylis M, Mellor PS, Purse BV, Capela R, Pena I, Rogers DJ. Prediction of Bluetongue 
vector distribution in Europe and North Africa using satellite imagery. Vet Microbiol. 

2003;97:13–29. 

Theiler A. Bluetongue in sheep. Ann Rept Dir Agric Transvaal. 1906;1904–1905:110–21. 
Tweedle N, Mellor PS. Technical review Bluetongue: the virus, hosts and vectors. Version 1.5. 

Report to the Department of Health, Social Services and Public Safety UK (DEFRA); 2002. 25 

p. http://archive.defra.gov. 

Velthuis AGJ, Velthuis AG, Saatkamp HW, Mourits MC, De Koeijer AA, Elbers AR. Financial 
consequences of the Dutch Bluetongue serotype 8 epidemics of 2006 and 2007. Prev Vet Med. 

2010;93:294–304. 

Venter GJ, Hill E, Pajor IT, Nevill EM. The use of a membrane feeding technique to determine the 

infection rate of Culicoides imicola (Diptera: Ceratopogonidae) for two Bluetongue virus 

serotypes in South Africa. Onderstepoort J Vet Res. 1991;63(4):315–25. 

Veronesi E, Darpel KE, Hamblin K, Carpenter S, Takamatsu HH, Anthony SJ, Elliott H, Mertens P, 

Mellor P. Viraemia and clinical disease in Dorset Poll sheep following vaccination with live 

attenuated Bluetongue virus vaccines serotypes 16 and 4. Vaccine. 2010;28(5):1397–403. 

Vervoerd DW. Purification and characterization of Bluetongue virus. Virology. 1969;38:203–12. 
Vervoerd DW. Diplornaviruses: a newly recognized group of double-stranded RNA viruses. Progr 

Med Virol. 1970;12:192–210. 

Verwoerd DW, Erasmus BJ. Bluetongue. In: Coetzer JAW, Tustin RC, editors. Infectious diseases 

of livestock. 2nd Edition. Cape Town: Oxford University Press Southern Africa; 2004. 

p. 1201–20. 

Wade-Evans AM, Mertens PPC, Bostock CJ. Development of the polymerase chain reaction for the 

detection of Bluetongue virus in tissue samples. J Virol Methods. 1990;30:15–24. 

Walton TE. The history of Bluetongue and a current global overview. Vet Ital. 2004;40(3):31–8. 
Wilson AJ, Mellor PS. Bluetongue in Europe: past, present and future. Philos Trans R Soc Lond B 

Biol Sci. 2009;364(1530):2669–81. https://doi.org/10.1098/rstb.2009.0091. 

Wittmann EJ, Baylis M. Review. Climate change: effects on Culicoides-transmitted viruses and 

implications for the UK. Vet J. 2000;160:107–17. 

Wittmann EJ, Mellor PS, Baylis M. Using climate data to map the potential distribution of 

Culicoides imicola (Diptera: Ceratopogonidae) in Europe. Rev Sci Tech. 2001;20:731–40. 
Wittmann EJ, Mellor PS, Baylis M. Climate change: effects on Culicoides-transmitted viruses and 

implications for the UK. Vet J. 2002;16:147–56. 

Zientara S, Breard E, Sailleau C. Bluetongue: characterization of virus types by reverse 

transcription-polymerase chain reaction. Dev Biol (Basel). 2006;126:187–96. 

Zientara S, Sailleau C, Viarouge C, Höper D, Beer M, Jenckel M, Hoffmann B, Romey A, Bakkali- 
Kassimi L, Fablet A, Vitour D, Bréard E. Novel Bluetongue virus in goats, Corsica, France. 

Emerg Infect Dis. 2014;20:2123–5. 

http://archive.defra.gov/
https://doi.org/10.1098/rstb.2009.0091

