Bluetongue virus infection, an emerging threat to large ruminants in India: a review
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Abstract


Bluetongue (BT) is an arthropod-borne viral disease, which transmitted biologically by biting midges of the genus Culicoides and principally occurs in sheep and some other species of domestic and wild ruminants worldwide. The disease is caused by bluetongue virus (BTV), which is the prototype member of the genus Orbivirus in the family Reoviridae. The segmented nature of the BTV genome allows for reassortment of ds-RNA segments that leading to development of viral diversity and gives rise to changes in virulence and serological characteristics of the virus. Vector Culicoides become persistently infected with BTV for their entire lifespan after acquiring infection through feeding on an infected ruminant, whereas infection of the ruminant host is transient and the virus does not persist in a geographic region in the absence of competent insect vectors. The higher prevalence of BTV antibodies observed in serological surveys conducted in different parts of the country, established the fact that BTV infection is present in cattle, buffalo and goats in India.
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Introduction

Bluetongue (BT) is an arthropod-borne viral disease that principally occurs in sheep and some other species of domestic and wild ruminants worldwide. BT was first reported in Africa by Hutcheon (Hutcheon D., 1902) in 1881 under the name of "Epizootic Catarrh". The disease is caused by bluetongue virus (BTV), which is the prototype member of the genus Orbivirus in the family Reoviridae (Mertens et al., 2004) and is placed in the Office International des Epizooties list of diseases. The global distribution of BTV has historically been between latitudes of approximately 40°N and 35°S (Saegerman et al., 2008). BT is therefore endemic primarily in the tropical and sub-tropical regions between the latitudes of 40 °N and 35 °S, although in certain regions of North America and China the disease has been detected up to 50 °N (Gibbs and Greiner, 1994).


The Indian subcontinent, a peninsula, lies between 8.4°N and 37.6°N and 68.7°E and 97.25°E. In the 1940s it was thought that BT was confined to southern Africa and that outbreaks of the disease in other regions of the world reflected the emergence of the virus from the African continent. 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, R.M., 1949). BT was recognized thereafter in the United States, the Iberian Peninsula and Middle East, Asia and southern Europe (Verwoerd and Erasmus, 2004). The increased recognition of BT in widely separated regions of the world in the middle of the 20th century was interpreted at the time to reflect the emergence of BT from its presumed ancestral origin in Africa (Gibbs and Greiner, 1994). 

There  are  24 distinct BTV serotypes and recently Toggenburg orbivirus (TOV) is proposed to be a  25th  serotype (Hofmann, M.A., et al., 2008) and,  complete genome  characterization  of  a  26th  BTV  serotype from Kuwait (Maan, S., et al., 2011). BTV has been isolated from ruminants and vector insects from all continents except Antarctica and the global distribution of BTV coincides with the distribution of competent Culicoides insect vectors and appropriate climatic conditions. Furthermore, different serotypes and strains of BTV occur in different regions of the world, frequently coincident with the presence of distinct species of Culicoides insect vectors ( Maclachlan and Osburn, 2006; Balasuriya et al.,2008). BT occurs most commonly in sheep of certain breeds, especially ﬁne-wool European breeds, and in some species of wild ruminants such as white-tailed deer (Verwoerd and Erasmus, 2004). In cattle, goats and most wild ruminant species BTV  is typically asymptomatic or subclinical, although speciﬁc strains of BTV, like the strain of serotype 8 currently circulating in Europe, can cause severe disease in cattle and goats (Backx et al., 2007; Elbers et al., 2008). The manifestations of disease ranges from an inapparent to a fatal outcome depending on the serotype and strain of the virus and the species breed and age of the infected animal; older animals are generally more susceptible (Elbers et al., 2008b). 


It is now clearly apparent that BTV infection occurs throughout tropical, subtropical and some temperate regions of the world.  BTV appears to have spread to Pakistan through the countries of the Middle East, as reported in 1959 (Howell, P.G., 1963). It is logical to assume that BTV infection reached India via Pakistan, either by movement of infected animals or due to the insect vector, since India has a very long border with Pakistan. However, in India there might be possibility of BTV infection in large ruminants through the importing of sheep and cattle from other countries where BT is endemic.
Etiology

 The disease is caused by bluetongue virus (BTV), which is the prototype member of the genus Orbivirus in the family Reoviridae (Mertens et al., 2004). It is a non enveloped virus with a genome of approximately 19 200 base pairs composed of 10 dsRNA segments, packaged within a triple layered icosahedral protein capsid coding for seven structural proteins (VP1–VP7) and four non-structural proteins (NS1–NS3 and NS3A) ( Roy, 2008). 

It has morphological similarity to other orbiviruses, such as epizootic hemorrhagic disease virus, African horse sickness virus or equine encephalosis virus. The outer shell is composed of two structural proteins, VP2 which determines the serotype, is responsible for receptor binding, haemagglutination and eliciting host-specific immunity (Hassan and Roy, 1999; Roy, 1992, 2008) and VP5 which interacts with the host cell endosomal membrane and plays a minor role in eliciting an antibody response (Hassan et al., 2001; Roy, 2008). The intermediate layer consists of the major immunodominant VP7 structural protein (Nason E.L.,et al., 2004, Roy P., 1992). The innermost layer consists of the VP3 protein (Grimes et al., 1998) and three smaller structural proteins, VP1, VP4 and VP6, involved in transcription and replication of viral RNA (Nason et al., 2004; Schwartz-Cornil et al., 2008).


In case of non-structural proteins, the NS2 protein is the major component of viral inclusion bodies (Lymperopoulos et al., 2006; Schwartz-Cornil et al., 2008) and is also involved in recruitment of BTV mRNA for replication (Roy, 2008). The NS3 protein acts as a viroporin, which facilitates virus release from mammalian or insect cells (Roy, 1992, 2008; Han and Harty, 2004), whereas the NS1 protein is involved in viral morphogenesis (Owens et al., 2004). 
The segmented nature of the BTV genome allows for reassortment of ds-RNA segments that leading to development of viral diversity (Carpi et al., 2010) and gives rise to changes in virulence and serological characteristics of the virus (O’Hara et al., 1998; Batten et al., 2008). 

Epidemiology

The epidemiology of bluetongue is a complex phenomenon involving the interaction of five elements viz, the bluetongue virus, the host involving sheep and cattle in which the virus may shows the clinical or sub-clinical symptoms, the environmental factor which are responsible for the perpetuation of the vector, the range of Culicoides vectors capable of being infected which act as source for transmitting the disease. 

Transmission

The bluetongue is a non-contagious disease and in majority of cases, disease is transmitted biologically by biting midges of the genus Culicoides (Diptera: Ceratopogonidae) but occasionally some other vectors can also be involved. The transmission of BTV from biting midges increases during the ambient temperature, air humidity and rainy season (Mellor, 2000).The other ways of transmission include the passage of BTV across the placenta in cattle (Santman-Berends et al., 2010), sheep (Saegerman et al., 2011).The large ruminants mainly buffalo and cattle act as intermediate hosts with inapparant bluetongue infection and play an important role in transmission of the bluetongue virus. 

Seroepidemiolgy

The disease was emerged in 1940s in South Africa and presently the disease is widely prevalent in Africa, the Americas, the Middle East, the Indian subcontinent, China, south East Asia, northern Australia and Europe and it is thought that only Antarctica is currently free of BTV infection.


In India bluetongue was reported due to introduction of exotic breeds into country for cross breeding purposes probably during 1960 to 1970.  The first outbreak of BT in India was recorded in 1964 among sheep and goats in Maharashtra State, on the basis of clinical signs and detection of BTV antibodies in the sera of animals which had recovered (Sapre, S.N., 1964). Bluetongue virus serotypes 1, 2, 4, 8, 9, 16 and 18 have been reported from the Maharashtra State. The maximum bluetongue outbreaks in the Maharashtra State were recorded in the month of September to December.  The analysis of environmental data of the Maharashtra State in related to the incidence of bluetongue reveal that humidity of 45 to 65 per cent, temperature range of 170 to 310 C and average rainfall of 64 mm are favorable climatic conditions for the incidence of bluetongue in the state.  Also, it was observed that annual sheep migration in the state is one of the contributing factors in bluetongue outbreaks. 
The disease was spread in the country from 1981 onwards and incidences were recorded in various states of the country such as Andhra Pradesh, Karnataka, Gujarat, Rajasthan, Uttar Pradesh (UP), Madhya Pradesh (MP), Punjab and Tamilnadu. The higher prevalence of BTV antibodies observed in serological surveys conducted in different parts of the country, in Andhra Pradesh during 1991 revealed in sheep and goats (45.71% and 43.56%, respectively) than in cattle (33.4%) and buffalo (20%). Similar observations were made (Sharma et al. 1985) and (Prasad et al. 1987) in Rajasthan and Haryana. Others have reported the seroprevalence of BTV antibodies from Gujarat, Maharashtra, Madhya Pradesh, West Bengal and Tamil Nadu (Mehrotra, M.L. and Shukla, D.C., 1990, Janakiraman, D., et al., 1991). These reports established the fact that BTV infection is present in cattle, buffalo and goats in India. 
Role of Culicoide Vector

There are around 1000 species of culicoides worldwide but Very few species of Culicoides have been demonstrated to be vectors for BTV. Vector Culicoides become persistently infected with BTV for their entire lifespan after acquiring infection through feeding on an infected ruminant, whereas infection of the ruminant host is transient and the virus does not persist in a geographic region in the absence of competent insect vectors (Gibbs and Greiner, 1994).The culicoides breed in damp, wet areas including streams, muddy areas and fecal run offs around forms. Climatic factors determine distribution and occurrence of culicoides in the region. The optimal temperatures required for their activities lie between 130 c and 350 C. 

Culicoides imicola is regarded as the major BTV vector and it has been found in Africa, the south of Asia, Portugal, Spain, Greece, Cyprus and other countries (Mellor, 1990). In Northern and Central Europe potential BTV vector species of biting midges are C. obsoletus and C. pulicaris, which are psychrophilic species (Mehlhorn, et al., 2007). C. sonorensis is known as the major BTV vector in North America (Mellor, 1990). BTV is ingested by Female culicoides species by sucking the blood of viraemic host and is deposited in the hind part of the insect’s mid-gut along with the ingested blood. If that culicoides species is a competent vector then virus particles attaches to luminal surface of the mid-gut cells and enters into the cytoplasm by endocytosis and replicate in them. Progeny virus particles exit by a process of budding into the haemocoel of the vector and disseminate through the body cavity suspended in the haemolymph.  During the course of this dissemination Secondary target tissues are infected that include fat body, neural cells, and the salivary glands. In salivary gland, a second cycle of replication ensues with fresh progeny virus particles exiting into the salivary ducts and is available for transmission during subsequent biting activity. The efficiency with which vectors transmit BTV varies according to their biting and survival rates, the virus serotype or strain involved, and the ambient temperatures (which promote or depress virogenesis).
Host Range and Pathogenesis

BT occurs principally in sheep and affecting domestic and wild ruminants including cattle, goats, buffalo, antelope, deer, elk and camels. The clinical disease is most often manifested in sheep and which is characterized by high fever (105-1080 F), depression, swelling of lips, nose, sub mandible and ears, congestion of buccal and nasal mucous membrane, conjunctivitis, hyperemia of skin (Groin, Axilla and Perineum) and coronary bands, wool breaks due to coronitis and degeneration of skeletal musculature congestion of tongue and leading to ulceration. The severity of disease varies among different species with speciﬁc strains of BTV like the BTV serotype 8 currently circulating in Europe can induce severe disease in other species including cattle and camelids (Meyer et al., 2009; Conraths et al., 2009). 


Pathogenesis of BTV infection is apparently similar in all ruminants although there are marked differences in the occurrence of the clinical severity (MacLachlan, 2004). Virus enters in to the host body by insect bite and primarily replicates in the adjacent lymph node and then spreads to infect vascular endothelium and macrophages/dendritic cells in many tissues/organs. The virus replicates in vascular endothelial cells, macrophages and lymphocytes (MacLachlan, 2004; Drew et al., 2010a). Virus-induces injury to endothelial cells in small blood vessels leads to vascular thrombosis  and ischemic necrosis of the tissues involved (DeMaula et al., 2002, Darpel et al., 2009), which may induce lesions such as acute oral ulceration, coronitis, muscle necrosis and vascular leakage leading to facial and pulmonary oedema as well as pleural and pericardial effusion. Fundamental differences in the susceptibility of endothelial cells from cattle and sheep to BTV infection are perhaps responsible (DeMaula et al., 2001, 2002a, b).


In cattle, viraemia is prolonged course, but is not persistent and may last as long as 60 or, even 100 days (Sellers and Taylor, 1980). This prolonged blood cell-associated infection increases the likelihood that feeding insect vectors will acquire and prolongs the infection.

Diagnosis
 A tentative diagnosis based on clinical signs and post-mortem lesions must be confirmed by modern and efficient laboratory investigations (Afshar, 1994), for BTV isolation and demonstration of BTV antigens, viral nucleic acids and antibodies. Examination of laboratory Samples  include non-coagulated blood (use of  ethylenediaminetetraacetic acid or heparin is preferred), blood serum, post-mortem tissue samples of spleen, lymph nodes, lungs, liver, bone marrow and, when indicated, heart and skeletal muscles; in addition, brain tissue is collected in foetuses (Afshar, 1994; Tweedle and Mellor, 2002).Bluetongue virus infection has been reported  in ruminants from several countries on the basis of presence of BTV specific antibodies and  isolation of virus.  In areas where BT is endemic, the disease in cattle and buffalo is not clinically overt.  In these areas seroconversion and viremia are the only evidences of infection. The primary procedure for BTV isolation is inoculation of embryonated chicken eggs with a subpassage onto cell cultures (BKH-21, Vero cell lines). The material obtained from embryonated eggs can either be further propagated in cell culture or directly examined using molecular methods (PCR or in situ hybridisation) (Wang, et al., 1988; Clavijo, et al., 2000). The virus can be isolated from blood components, mainly the erythrocyte fraction, collected from affected animals during the period of febrile response. Bluetongue  can  also be  diagnosed  by  isolating  the  virus in cell lines of insect origin (KC line, C6/36 line ) (Mecham, 2006) or by  inoculation  into sheep, and sometimes suckling mice or hamsters.

The progress of molecular biology, especially the development of genetic probes for hybridization analysis and polymerase chain reaction techniques for detection of BTV nucleic acids hold the promise of most efficient diagnostic assays. A direct identification of BTV in blood or tissue samples is possible with use of the reverse transcription-polymerase chain reaction (RT-PCR) method that allows for serotyping and can detect BTV RNA in samples as late as six months after infection (Katz et al., 1994; MacLachlan et al., 1994). 


In India, most of the serological studies have been conducted using AGPT but in recent years, several studies have clearly indicated the advantages of the cELISA for the detection of group-specific antibodies to   BTV (Afshar, A. et al., 1993).This is a rapid method permitting determination of serum or plasma antibody as early as the 6th post-infection day (Koumbati et al., 1999). The serum neutralisation test has the highest specificity and sensitivity of all the tests, but is also most expensive and time-consuming (Reddington et al., 1991; Hamblin, 2004). Several diseases and conditions may however be confused with BT in sheep. Clinical BT in cattle may be confused with malignant catarrhal fever, mucosal disease, foot-and-mouth disease,infectious bovine rhinotracheitis and epizootic haemorhagic disease.
Control


Bluetongue can have a severe impact on the livestock economy of a country or region, mainly through trade restrictions. Direct costs associated with morbidity of sick animals include weight loss, reduced milk yield, abortion and associated veterinary costs.


Bluetongue is not a contagious disease and primarily transmitted by insect vectors. Control of the disease can be achieved by Insect control which  is  important in  limiting  the  spread of  the  disease;  synthetic pyrethroids or  organophosphates  are  effective  against  Culicoides, Maintenance of hygiene in the farm to avoid growth of culicoides. To prevent the entry of bluetongue into a country which has effective natural barriers against uncontrolled livestock entry, quarantine measures and serological testing of all ruminants from endemic countries, and adequate treatment of aircraft and other vehicles to prevent the accidental introduction of infective insects must be affected.  In countries where bluetongue is endemic, vaccines are also used for control.  
References

Afshar, A. (1994) Bluetongue: Laboratory diagnosis Comp.Immunol. 
Microbiol.Infect.Dis.,17: 221-242.

Afshar, A., Trotter, H.C., Dulac, G.C. and Reddington, J.J. (1993) Evaluation 
of a commercial competitive ELISA test kit for the detection of group 
specific antibodies to bluetongue virus. J. Veterinary Diagnostic 
Investigation, 5: 336-
340.

Backx, A., Heutink, C.G., van, Rooij, E.M., van Rijn, P.A. (2007) Clinical signs 
of bluetongue virus serotype 8 infection in sheep and goats. Veterinary 
Record, 161, 591-592.

Balasuriya, U.B., Nadler, S.A., Wilson, W.C., Pritchard, L.I., Smythe, A.B. 
(2008) 
The NS3 proteins of global strains of bluetongue virus evolve into 
regional topo-types through negative (purifying) selection. Veterinary 
Microbiology, 126,91-100.

Batten, C.A., Maan, S., Shaw, A.E., Maan, N.S., Mertens, P.P.C. (2008) A 
European field strain of bluetongue virus derived from two parenteral 
vaccine strains by genome segment reassortment. Virus Research 137, 56–
63.

Carpi, G., Holmes, E.C., Kitchen, A. (2010) The evolutionary dynamics of 
bluetongue virus. Journal of Molecular Evolution 70, 583–592.

Clavijo, A., Heckert, R.A., Dulac, G.C., Afshar, A. (2000) Isolation and 
identification 
of bluetongue virus. Journal of Virological Methods 87, 
13–23.

Conraths, F.J., Gethmann, J.M., Staubach, C., Mettenleiter, T.C., Beer, M. (2009) 
Epidemiology of bluetongue virus serotype 8, Germany. Emerging 
Infectious Diseases,15, 433-435.

Darpel, K.E., Batten, C.A., Veronesi, E., Williamson, S., Anderson, P., Dennison, 
M., Clifford, S., Smith, C., Philips, L., Bidewell, C., Bachanek-
Bankowska, K., Sanders, A., BinTarif, A., Wilson, A.J., Gubbins, S., 
Mertens, P.P.C., Oura, C.A., Mellor, P.S. (2009) Transplacental 
transmission of bluetongue 
virus 8 in cattle, UK. Emerging Infectious 
Diseases 15, 2025–2028.

DeMaula, C.D., Jutila, M.A., Wilson, D.W., MacLachlan, N.J.(2001) Infection 
kinetics, prostacyclin release and cytokine-mediated modulation of the 
mechanism of cell death during bluetongue virus infection of cultured 
ovine and bovine pulmonary artery and lung microvascular endothelial 
cells. Journal 
of GeneralVirology 82, 787–794.

DeMaula, C.D., Leutenegger, C.M., Bonneau, K.R., MacLachlan, N.J. (2002) The 
role of endothelial cell-derived inflammatory and vasoactive mediators in 
the pathogenesis of bluetongue. Virology 296, 330–337.

Drew, C.P., Heller, M.C., Mayo, C., Watson, J.L., MacLachlan, N.J. (2010a) 
Bluetongue virus infection activates bovine monocyte-derived 
macrophages and pulmonary artery endothelial cells. Veterinary 
Immunology and Immunopathology 136, 292–296.

Elbers, A.R.W., Backx, A., Meroc, E., Gerbier, G., Staubach, C., Hendrickx, G., 
vander Spek, A., Mintiens, K.  (2008a) Field observations during the 
bluetongue serotype 8 epidemic in 2006 I. Detection of first outbreaks and 
clinical signs in sheep and cattle in Belgium, France and the Netherlands. 
Preventive Veterinary Medicine 87, 21–30.

Elbers, A.R.W., Backx, A., Mintiens, K., Gerbier, G., Staubach, C., Hendrickx, 
G., van der Spek, A. (2008b) Field observations during the bluetongue 
serotype 8 epidemic in 2006 II. Morbidity and mortality rate, case fatality 
and clinical recovery in sheep and 
cattle in Netherlands. Preventive 
Veterinary Medicine 87, 31–40.

Gambles, R.M. (1949) Bluetongue of sheep in Cyprus. J Comp Pathol, 59:176–
190. 

Gibbs, E.P.J., Greiner, E.C. (1994) The epidemiology of bluetongue. Comparative 
Immunology and Microbiology and Infectious Diseases 17, 207–220.

Grimes, J.M., Burroughs, J.N., Gouet, P., Diprose, J.M., Malby, R., Zientara, S., 
Mertens, P.P., Stuart, D.I. (1998) The atomic structure of the bluetongue 
virus core. Nature 395, 470–478.

Hamblin, C. (2004) Bluetongue virus antigen and antibody detection, and the 
application of laboratory diagnostic techniques. Veterinaria Italiana 40, 
538–545.

Han, Z., Harty, R.N. (2004) The NS3 protein of bluetongue virus exhibits 
viroporin-like 
properties. Journal of Biological Chemistry 279, 43092–
43097.

Hassan, S.H., Wirblich, C., Forzan, M., Roy, P. (2001) Expression and functional 
characterization of bluetongue virus VP5 protein: role in cellular 
permeabilization. Journal of Virology 75, 8356–8367.

Hassan, S.S., Roy, P. (1999) Expression and functional characterization of 
bluetongue virus VP2 protein: role in cell entry. Journal of Virology 73, 
9832–9842.

Hofmann, M.A., Renzullo,  S., Mader, M., Chaignat,   V., Worwa, G. and   
Thuer, B. (2008)   Genetic   characterization   of   Toggenburg   orbivirus,   
a   new bluetongue   virus,   from   goats,  Switzerland. Emerg.   Infect.  
Dis.  14: 1855-1861.

Howell, P.G. (1963) Bluetongue. In Emerging diseases of animals. FAO 
Agricultural Studies No. 61. FAO, Rome, 109 -153.

Hutcheon, D. (1902) Malarial catarrhal fever of sheep. Vet. Rec., 14, 629- 633.

Janakiraman, D., Venugopalan, A.T., Ramaswamy, V., Venkatesan R.A. (1991) 
Serodiagnostic evidence of prevalence of bluetongue virus serotypes 
among sheep and goats in Tamil Nadu. Ind. J. Anim. Sci., 61, 497-498.

Kar, A.K., Bhattacharya, B., Roy, P. (2007) Bluetongue virus RNA binding 
protein NS2 is a modulator of viral replication and assembly. BMC 
Molecular Biology 8, 4.

Katz, J., Alstad, D., Gustafson, G., Everman, J. (1994) Diagnostic analysis of the 
prolonged bluetongue virus RNApresence found in the blood of naturally 
infected cattle 
and experimentally infected sheep. Journal of Veterinary 
Diagnostic Investigation 6, 139–142.

Koumbati, M., Mangana, O., Nomikou, K., Mellor, P.S., Papadopoulos, O. (1999) 
Duration of bluetongue viremia and serological responses in 
experimentally infected European breeds of sheep and goats. Veterinary 
Microbiology 64, 277–285.

Lymperopoulos, K., Noad, R., Tosi, S., Nethisinghe, S., Brierley, I., Roy (2006) 
Specific binding of bluetongue virus NS2 to different viral plus-strand 
RNAs. Virology 353, 17–26.

Maan, S., Maan, N.S., Nomikou, K., Batten, C., Antony, F., Belaganahalli, M.N., 
Samy, A.M., Reda, A.A., Al-Rashid, S.A.,  El Batel, M., Oura, C.A.  and 
Mertens,  P.P.  (2011) Novel  bluetongue  virus  serotype  from  Kuwait.  
Emerg. Infect. Dis. 17:886-889.

MacLachlan, N.J. (2004) Bluetongue: pathogenesis and duration of viraemia. 
Veterinaria Italiana 40, 462–467.

MacLachlan, N.J., Nunamaker, R.A., Katz, J.B., Sawyer, M.M., Akita, G.Y., 
Osburn, B.I., Tabachnick, W.J. (1994) Detectionof bluetongue virus in the 
blood of inoculated calves: comparison of virus isolation, PCR assay, 
and in vitro feeding of Culicoides 
variipennis. Archives of Virology 
136, 1–8.

MacLachlan, N.J., Osburn, B.I. (2006) Impact of bluetongue virus infection on 
the international movement and trade of ruminants. J. Am. Vet. 
Med.Assoc. 228 (9), 1346–1349.

Mecham, J.O. (2006) Detection and titration of bluetongue virus in Culicoides 
insect cell culture by an antigen-capture enzyme-linked immunosorbent 
assay. Journal of Virological Methods 135, 269–271.

Mehlhorn, H., Walldorf, V., Klimpel, S., Jahn, B., Jaeger, F., Eschweiler, J., 
Hoffmann, B., Beer, M. (2007) First occurrence of Culicoides obsoletus-
transmitted Bluetongue virus 
epidemic in Central Europe. Parasitology 
Research 101, 219–228.

Mehrotra, M.L. and Shukla, D.C. (1990) Seroprevalence, diagnosis and 
differential diagnosis of bluetongue virus disease in India.  Ind. J. Virol., 
6, 98-104.

Mellor, P.S. (1990) The replication of bluetongue virus in Culicoides vectors. 
Current Topics of Microbiology and Immunology 162, 143–161.

Mellor, P.S. (2000) Replication of arboviruses in insect vectors. Journal of Comparative 
Pathlogy 123, 140–146.

Mertens, P.P., Diprose, J., Maan, S., Singh, K.P., Attoui, H. (2004) Bluetongue 
virus replication, molecular and structural biology. Veterinaria Italiana, 
40,426-437.

Meyer, G., Lacroux, C., Leger, S., Top, S., Goyeau, K., Deplanche, M., Lemaire, 
M. (2009) Lethal bluetongue virus serotype 1 infection in llamas. 
Emerging Infectious Diseases 15, 608–609.

Nason, E.L., Rothagel, R., Murkherjee, S.K., Kar, A.K., Forzan, M., Prasad, B.V., 
Roy, P. (2004) Interactions between the inner and outer capsids of 
bluetongue virus. Journal of Virology 78, 8059–8067.

O’Hara, R.S., Meyer, A.J., Burroughs, J.N., Pullen, L., Martin, L.A., Mertens, 
P.P.S. (1998) 
Development of a mouse model system and identification 
of individual genome segments of African horse sickness virus, serotypes 
3 and 8 involved in determination of virulence. Archives of Virology 14, 
259–279.

Owens, R.J., Limn, C., Roy, P. (2004) Role of an arbovirus nonstructural protein 
in cellular pathogenesis and virus release. Journal of Virology 78, 6649–
6656.

Prasad, G., Jain, N.C., Mahajan, N.K., Vasudevan, B. (1987) Prevalence of 
bluetongue precipitating antibodies in different domestic animals. Ind. J. 
Anim. Sci., 57, 522-524.

Reddington, J.J., Reddington, G.M., MacLachlan, N.J. (1991) A competitive 
ELISA for detection 
of antibodies to the group antigen of bluetongue 
virus. Journal of Veterinary 
Diagnostic Investigation 3, 144–147.

Roy, P. (1992) Bluetongue virus proteins. Journal of General Virology 73, 3051–
3064.

Roy, P. (2008) Functional mapping of bluetongue virus proteins and their 
interactions with host proteins dur-ing virus replication. Cell Biochemistry 
and Biophysics 50, 143–157.

Saegerman, C., Berkvens, D., Mellor, P.S. (2008) Bluetongue epidemiology in the 
European union. Emerging Infectious Diseases 14, 539–544.

Saegerman, C., Bolkaerts, B., Baricalla, C., Raes, M., Wiggers, L., de Leeuw, I., 
Vandenbussche, F., Zimmer, J.Y., Haubruge, E., Cassart, D. (2011) The 
impact 
of naturally-occuring, trans-placental bluetongue virus serotype 8 
infection on reproductive performance in sheep. Veterinary Journal 187, 
72–80.

Santman-Berends, I.M.G.A., Van Wuijckhuise, L., Vellema, P., Van Rijn, P.A. 
(2010) Vertical transmission of bluetongue virus serotype 8 in Dutch dairy 
herds in 2007. Veterinary Microbiology 141, 31–35.

Sapre, S.N. (1964) An outbreak of bluetongue in goats and sheep. Vet. Rev.,15, 
78-80. 

Schwartz-Cornil, I., Mertens, P.P.C., Contreras, V., Hemati, B., Pascale, F., 
Brerad, E., Mellor, P.S., MacLachlan, N.J., Zientara, S. (2008): 
Bluetongue virus: virology, patho-genesis and immunity. Veterinary 
Research 39, 46.

Sellers, R.F., Taylor, W.P. (1980) Epidemiology of bluetongue and the import and 
export of livestock, semen and embryos. Bulletin of Office international 
des Epizooties 92, 587–592.

Sharma, M.M., Lonkar, P.S., Sreevastava, C.P., Dubey, S.C., Maru, A., Kalra 
D.B. (1985) Epidemiology of bluetongue in sheep at an organised farm in 
semi-arid part of Rajasthan, India. Ind. J. Comp. Microbiol. Immunol. 
Infec. Dis., 6, 188-192.

Tweedle, N., Mellor, P.S. (2002) Technical review – bluetongue: Te virus, hosts 
and vectors. Version 1.5. Report to the Department of Health, Social 
Services and Public Safety U.K. (DEFRA), 25 p. http://archive.defra.gov 
uk/foodfarm/farmanimal/diseases/atoz/documents/bluetongue_technical.P
DF (accessed July 28, 2011).

Verwoerd, D.W., Erasmus, B.J. (2004) Bluetongue. In: Infectious Diseases of 
Livestock, 2nd Edit., JACoetzer andRCTustin, Eds, Oxford Press, Cape 
Town, pp. 1201-1220.

Wang, L., Kemp, M.C., Roy, P., Colloson, E.W. (1988) Tissue tropism and target 
cells of bluetongue virus in the chicken embryo. Journal of Virology 62, 
887-893.

