


important role in the field of molecular biology that can best be described as an amalgamation of 

scientific approaches involving the multidisciplinary effort of biochemists , physicists , chemists, 

geneticists, virologists, microbiologists and others (Levy et al., 1994). 

In this review of the literature, the present knowledge of the molecular nature of the orbiviruses, 

mainly BTV and AHSV, will be discussed. The focus will be on NS3, the non-structural protein 

encoded by segment 10 of the viral genome. 

1.2. THE ORBIVIRUS GENUS OF THE REOVIRIDAE FAMILY 

Viruses can be broadly classified based on the type of genomic nucleic acid and the types of 

molecules transcribed from the genomic nucleic acid as the virus directs the synthesis of messenger 

RNAs and new genomic nucleic acid (Levy et al., 1994). 

The genus Orbivirus in the family Reoviridae consists of viruses with similar morphological and 

physiochemical properties. The genus name, Orb ivirus , was derived from the Latin orbis, meaning 

ring or circle (Borden et al., 1971). Orbiviruses include pathogenic agents of man (e .g. Colorado tick 

fever), domestic animals (e.g. bluetongue of sheep and African horsesickness) , native animals (e .g. 

epizootic haemorrhagic disease of deer) and many other viruses not yet linked with disease (e.g. St. 

Croix River virus) (Gorman, 1979). 

The genus is divided into serogroups based on cross reactivities in complement fixation tests (Borden 

et at. , 1971) and serotypes within a serogroup are recognized by specific reactions in serum

neutralization tests (Gorman, 1979; Gorman and Taylor, 1985). Reassortment, a natural occurrence 

in the case of viruses with segmented genomes, has been shown to occur between some member 

viruses of a serogroup, but not between members from different serogroups (Holmes et at. , 1995). 

Examples for the AHSV serogroup include studies by Martin et at. (1998) and O'Hara et al. (1998); 

examples of studies where reassortment was observed for BTV S 1 0/NS3 include Sugiyama et al. 

(1981) , Collison and Roy (1983) and Pierce et at. (1998). 

At present there are 11 genera in the family Reoviridae, and within the Orbivirus genus there are 19 

serogroups of orbiviruses, each with a number of serotypes, as well as a group containing a number 

of unclassified viruses (Mertens et al., 2000). Bluetongue virus is the prototype virus for this group 

(Murphy et at., 1971). The present classification and nomenclature of the family Reoviridae are shown 

in Table 1.1 . 
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Table 1.1. Classification and nomenclature of the Reoviridae family of viruses (adapted from Mertens 

et aI., 2000) 

Family Reoviridae 

Genera Or1horeovirus 

Orbivirus 

Rota virus 

Coltivirus 

Seadornavirus 

Aquareovirus 

Cypovirus 

Entomoreovirus 

Fijivirus 

Phytoreovirus 

Oryzavirus 

Serogroups in African horsesickness group (AHSV-1 to 9) 

Orbivirus genus Bluetongue virus group (BTV-1 to 24) 

Changuinola virus group 

Chenuda virus group 

Chobar Gorge virus group 

Corriparta virus group 

Epizootic haemorrhagic disease virus group 

(EHDV-1 to 8) 

Equine encephalosis virus group (EEV-1 to 7) 

Eubenangee virus group 

leri virus group 

Great Island virus group 

(e.g. Broadhaven virus) 

Lebombo virus group 

Orungo virus group 

Palyam virus group 

(e.g. Chuzan virus) 

Umatilla virus group 

Wad Medani virus group 

Wallal virus group 

Warrego virus group 

Wongor virus group 

Unassigned virus group 

(e.g. St Croix River virus) 

Culicoides 

Culicoides 

phlebotomines 

ticks 

ticks 

Culicine mosquitoes 

Culicoides 

Culicoides 

Culicoides, anopheline and Culicine 

mosquitoes 

mosquitoes 

Argas, Ornithodoros, Ixodes ticks 

Culicine mosquitoes 

Culicine mosquitoes 

Culicoides, Culicine mosquitoes 

Culicine mosquitoes 

Boophilus , Rhipicephalus, Hyaloma, Argas 

ticks 

Culicoides 

Culicoides, anopheline and Culicine 

mosquitoes 

Culicoides , mosquitoes 
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The first EEV serotype was isolated in 1967, with the subsequent identification of another 3 serotypes 

in March 1971 , December 1973 and April/May 1976 (Gorman and Taylor, 1985). Another serotype 

was also identified in 1993 (Gerdes and Pieterse, 1993). To date, seven serotypes namely Kyalami, 

Bryanston, Cascara, Gamil, Kaalplaas , Langeberg/Langebaan and Potchefstroom have been 

identified in southern Africa (Gerdes and Pieterse, 1993). Cross complement fixation tests have failed 

to demonstrate a serological relationship or relatedness between any of the EEV serotypes and other 

orbiviruses such as BTV, AHSV, EHDV or Corriparta virus (Erasmus et al., 1970; Gorman and Taylor, 

1985; Viljoen and Huismans, 1989). 

The seven EEV serotypes are not equally prevalent under field conditions, probably indicating that 

some serotypes have adapted better to the specific vector and host environments than other 

serotypes (Barnard and Paweska, 1993; Venter et al., 1999; Howell et al., 2002; P. G. Howell , 

personal communication) . Some of the seven identified serotypes , however, need to be validated 

(Venter et aJ. , 1999). In this regard samples of virus, representing what has been referred to as the 

Langeberg/Langebaan EEV serotype, have been investigated and have been shown to be AHSV-5 

(Howell et al., 2002). The same group however identified another isolate, E21/20, that was 

subsequently shown to be a previously undescribed member of the EEV serogroup, so that the 

number of known EEV serotypes remains at seven (Howell et al., 2002) . Howell et al. (2002) therefore 

concluded that to date seven valid serotypes of EEV have been identified which they arranged into 

alphabetical order, corresponding with a numerical serotype deSignation , in order to avoid confusion 

in the nomenclature (Table 1.2.). 

Table 1.2. All known EEV serotypes with a proposed numerical serotype designation (Howell et al., 

2002) 

Bryanston 

Cascara 

Gamil 

Kaalplaas 

Kyalami 

Potchefstroo m 

E21/20 

Name of virus Numerical serotype deSignation of virus 

EEV-1 

EEV-2 

EEV-3 

EEV-4 

EEV-5 

EEV-6 

EEV-7 

Cascara (EEV-2) was the first serotype to be isolated (Erasmus et al., 1970) and as such was viewed 

as the representative of the EEV group. Bryanston (EEV-1) has however superseded Cascara to 

become the dominant serotype and thus the present representative serotype of the EEV serogroup 

(Paweska, 1999; P.G. Howell, personal communication) . For the purposes of this thesis, the EEV 
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serotypes will be referred to using the numerical serotype designation proposed by Howell et a/. in 

2002. 

The diseases caused by some members of the Orbivirus genus, notably bluetongue virus (BTV) and 

African horsesickness virus (AHSV) are of great economical importance due to the livestock that are 

affected and the trade of these livestock. Trade often involves the import and export of the animals or 

products of the animals such as genetic material (semen) , and there are many strict regulations 

regarding trade of the livestock or their products . AHSV is especially important, as it affects horses 

and thus plays an important role in the strictly regulated industries of horse racing and show jumping. 

In the case of EEV, which also infects horses, the importance of the disease lies not in the losses 

caused by it, as it is in many cases a subclinical infection , but rather in the nature of the affected 

animal and the potential impact it can have on the strictly regulated industry of which the animals are 

an integral part. The limited knowledge on the epidemiology, pathogenicity, and viral characteristics of 

EEV is seen as a potential barrier to the international movement of horses. 

1.3. EPIDEMIOLOGY OF A NUMBER OF ORBIVIRUSES 

1.3.1. Geographic distribution 

Bluetongue seems to have originated on the African continent and for many decades it was believed 

to be confined to Africa. The first confirmed outbreak of the disease outside Africa occurred in Cyprus 

(Roy, 1989), subsequently several outbreaks of the disease have been reported in different parts of 

the world such as the Middle East (Erasmus , 1985; Roy, 1989), the United States of America , 

Portugal and in Spain. It is now known to occur in a broad belt around the world , encompassing the 

tropical and temperate zones in which a large percentage of the world ruminant population is also 

present (Ozawa, 1985). EHDV has also been isolated in countries in the same regions (Parsonson 

and Snowdon, 1985). 

African horsesickness is endemic in eastern and central Africa, although AHS is also widely 

distributed in sub-Saharan Africa . Occasional outbreaks have occurred in North Africa , West Africa, 

the Middle East, parts of Asia and in Southern European countries (such as Spain and Portugal), but 

the virus has not been able to maintain itself outside the sub-Saharan enzootic zones (Williams et al., 

1993; Zientara et al., 1993). 

Equine encephalosis is endemic at least in southern Africa , including South Africa , Zimbabwe, 

Botswana and Kenya (Barnard , 1997; Venter et a/. , 1999). EEV is found more widely throughout 

southern Africa than AHSV which is restricted to certain areas, this suggests an epidemiological 

pattern and vectors unlike that of AHSV (Barnard , 1997). Evidence of EEV infection has however 

been found in other regions of the world such as Australia (P .G. Howell , personal communication) . 
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1.3.2. Transmission by insect vectors 

The first breakthrough in identifying insect vectors of BTV came in 1943 when Du Toit (1944) 

succeeded in transrnitting bluetongue to sheep with Culicoides imico/a (pal/idipennis) which had fed 

on a viraemic sheep 10 days earlier. Subsequently, Culicoides variipennis was incriminated as a 

vector of BTV in the US (Erasmus, 1985) and different species of Culicoides midges have been 

incriminated as vectors of BTV and other orbiviruses in various countries e.g. Culicoides brevitarsis, 

Culicoides fulvus , Culicoides wadai, Culicoides acetoni in Australia (Parsonson and Snowdon, 1985; 

St. George, 1985), and Culicoides variipennis (now known as Culicoides sonorensis) and Culicoides 

insignis in the US (Rao and Roy, 1983; Callis , 1985; Greiner et a/., 1985; Bonneau et a/., 2001) . 

EHDV is also mainly transmitted by Culicoides species , e.g. Culicoides brevitarsis in Australia 

(Parsonson and Snowdon, 1985). 

AHSV is also mainly transmitted by Culicoides species , specifically Culicoides imico/a (Du Toit, 1944). 

In some cases, AHSV is also transmitted by mosquitoes of the Aedes, Anopheles and Culex species , 

as well as the brown dog tick Rhipicephalus sanguines (Lubroth, 1992; Tomori et aI., 1992) . 

EEV is also transmitted by Culicoides species , and specifically Culicoides imico/a (Theodoridis et a/., 

1979; Nevill et a/., 1992; Paweska, 1999; Venter et aI., 1999). The first isolation of a virus from the 

EEV serogroup from Culicoides species in South Africa was done by Theodoridis et al. (1979) during 

an unsuccessful attempt to isolate bovine ephemeral fever virus . Subsequently, Culicoides bolitinos 

has also been implicated in EEV transmission (Paweska, 1999). 

Due to the nature of the insect vectors involved in the transmission of bluetongue, African 

horsesickness and equine encephalosis, the diseases all occur seasonally, and outbreaks (usually in 

the late summer and autumn) are influenced by conditions that favour the occurrence, breeding and 

spread of the vector (Theodoridis et aI. , 1979; Venter et a/., 1999). 

Culicoides imico/a is widely distributed in sub-Saharan Africa, parts of North America and southern 

Europe, and southern Asia (Venter et aI. , 1999). Culicoides imico/a is a common vector for BTV, 

AHSV and EEV, and the potential thus exists for all these diseases to spread to these regions when 

conditions are favourable and even to persist within these regions since a suitable insect vector that 

can sustain the virus is present. Outbreaks in countries where AHSV and BTV are not endemic have 

occurred in the past due to the dissemination of the insect vectors (through the movement of the 

infected midges by wind , or climatic conditions that favour their growth) or the introduction of equidae 

or other livestock carrying the viruses. In this regard, the national and international movement of 

game or wild animals e.g. zebras, is an important factor relating to the spread and persistence of the 

diseases. Zebras can introduce disease into previously disease free regions , as zebras are potential 
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reservoirs of both AHSV and EEV. The status of previously disease free regions can therefore change 

permanently due to the introduction of livestock or game, as well as climate changes , that will allow 

the establishment and sustained growth of the vector species. 

1.3.3. Host range 

Bluetongue has traditionally been regarded as a disease of sheep and more particularly of European 

breeds. However, other domestic ruminants have also been shown to be susceptible, e.g. calves, 

cattle, goats, water buffaloes and camels (Ozawa, 1985; Roy, 1989). BTV and EHDV also share 

common hosts such as cattle, buffaloes, deer, antelope, white-tailed deer, mule deer, bighorn sheep, 

and in some cases EHDV can also infect zoological animals (Callis, 1985; Jessup, 1985; Parsonson 

and Snowdon, 1985). 

In the case of AHSV, the host range may be limited mainly to equine animals such as horses, mules, 

donkeys and zebras (Barnard, 1993, 1997). The infection of man by AHSV has however also been 

reported . Humans exposed to freeze dried vaccine preparations of AHSV neurotropic strains 1 and 6 

were shown to develop encephalitis and uveochorioretinitis (Swanepoel et aI. , 1992) . 

EEV, like AHSV, infects horses and antibodies against EEV have also been found in zebras 

(Burchel 's zebra and the Cape mountain zebra), in donkeys (Gerdes and Pieterse, 1993; Williams et 

at. , 1993) and African elephants (Barnmd , 1(07) . It has been speculated that z:ebras function as a 

possible reservoir of the virus (Barnard and Paweska, 1993; Williams et aI. , 1993; Barnard, 1997; 

Paweska, 1999). 

AHSV and EEV thus share vectors and hosts as both infect equids. It has been found that the serum 

of a single animal can show antibodies to both viruses, this creates the possibility that an animal can 

be simultaneously infected with both viruses or rather that a single animal can be infected by both 

viruses in the same season , possibly even at the same time leading to confusion especially regarding 

symptoms of either disease (Williams et aI. , 1993). This is further illustrated by the fact that during a 

recent outbreak of AHS in the Western Cape, EEV Bryanston (EEV-1) was isolated from horses 

showing disease symptoms (P.G. Howell, personal communication) , confirming that EEV can indeed 

co-circulate with AHSV during the same season. 

1.3.4. Epidemiology, clinical symptoms and pathogenesis of EEV 

The history of the first known cases of EEV as well as the symptoms of the disease are discussed by 

Erasmus et al. (1970). EEV was first isolated in 1967 from a 13-year old thoroughbred mare 

(Cascara) at Mauritzfontein stud farm in the Kimberley district in South Africa. The horse first showed 
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symptoms 24 hours before death. The symptoms included listlessness and an anxious facial 

expression with tightening of the face, mouth and ocular commissures, and clinical examination 

revealed a slightly elevated temperature of 39.5°C and a pulse rate of 44 per minute. The autopsy 

revealed marked venous congestion particularly of the liver, kidneys and subcutaneous tissues. The 

liver showed signs of fatty degeneration and sharply demarcated areas of catarrhal enteritis were 

observed in the distal half of the small intestine. The brain was congested and oedematous with an 

excessive amount of cerebrospinal fluid. 

In the next few days, two other adult mares became ill. One of them died the same day, whereas the 

other one recovered after about 14 days. Fatal cases occurred amongst horses at the Police College 

in Pretoria and were also reported from other parts of the country. All these animals showed 

essentially the same symptoms and lesions. It is interesting to note that all the clinical and fatal cases 

were invariably seen in animals older than seven years . Two young horses experimentally infected 

with liver and spleen suspensions from the horse Cascara, showed marked febrile responses that 

commenced 3 days p.i. and persisted for 4 days, attaining a maximum of 41 °C, after which the horses 

recovered fully. Apart from the febrile responses, the horses showed no other clinical symptoms. This 

suggests that age seems to playa role in the pathogenesis of the disease. 

Virus was isolated from organ specimens collected from case 1 (Cascara) as well as from other fatal 

cases, and from the blood of horses, which showed fever only. All these virus isolates appeared 

identical and consequently the Cascara isolate was selected as prototype strain for further 

characterization. 

After isolation of the Cascara serotype, a serological survey was also conducted. The results 

indicated a widespread occurrence of infection with EEV during the summer (first three months) of 

1967. An interesting point was that in the collected serum samples, unstabled horses were more likely 

to show antibodies against EEV than stabled horses, this suggested nocturnal biting insects possibly 

played a role in the transmission of the virus. This was confirmed by the first isolation of a virus from 

the EEV group from Culicoides species by Theodoridis et al. in 1979. Another interesting point was 

that antibodies against EEV were also found in horses that had shown no clinical signs, suggesting 

that the great majority of infections were subclinical in nature and that EEV exhibits a low 

pathogenicity for horses in endemic areas where annual exposure occurs (Gerdes and Pieterse, 

1993). EEV thus causes a disease characterized by a high morbidity (60% to 70%) but a low mortality 

(5%) (Bremer and Viljoen , 1998). During this serological study, twenty serum samples collected 

during the ten years prior to 1967 were also examined and none of these were found to possess 

antibodies to EEV. This suggested the very recent appearance of the virus in South Africa . 
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Since 1967, equine encephalosis has taken on epidemic proportions in some years with more than 

75% of horses tested having antibodies against EEV (e.g. 1994 to 1997) and 85% of donkeys tested 

(1995) (Venter et al., 1999). Since the first outbreak in 1967, except for localized epizootics in 1976, 

1978 and 1990 only sporadic isolations of the virus have been made (about 60 since 1983). A very 

high EEV seroprevalence in horses and donkeys in South Africa, but only a limited number of isolates 

made, thus again suggests that most EEV infections are subclinical in nature (Paweska, 1999). It has 

also been found that there is a continuous circulation of the virus between its host and vector in the 

case of zebras, which function as a possible reservoir of the virus and which ensures the persistence 

of the infection (Barnard and Paweska, 1993). 

In a recent study, Howell et al. (2002), used serum samples from a ten year period (1990 to 2000) 

and found that 56.9% were positive for neutralizing antibody against one or more serotypes of the 

virus. The antibodies found were not necessarily against one type of virus, because it has been found 

that the host can be infected by more than one serotype, thus showing antibodies to more than one 

serotype at one point in time (Howell et a/. , 2002). This allowed them to conclude that EE is a vector

borne infection of horses of a mild to subclinical character, which , when the diagnosis is confirmed, 

would in the vast majority of cases, closely resemble a mild attack of AHS (Howell et a/. , 2002) . In 

addition, it has been found that EEV Bryanston (EEV-1) can co-circulate with AHSV, this was 

illustrated in the Western Cape during a recent outbreak of AHS (P.G . Howell, personal 

communication) . 

In the Western Cape, a demarcated area of an estimated extent of 9 000 km 2 , has been set aside as 

a surveillance zone to monitor the possible introduction or occurrence of AHS which would 

compromise the integrity of pre-export quarantine facilities for horses in Cape Town. Within this area 

serum samples were collected in May 1998 that showed the presence of antibodies against EEV. 

Subsequently, over a period of 18 months, serum samples were collected and assayed for 

neutralizing antibody against the serotypes of EEV. The results of these tests indicated the presence 

of EEV serotypes in the region, and it appeared that prior to the implementation of the surveillance 

program an outbreak of EE had taken place in the region . At the commencement of the survey, 

Bryanston was the predominant serotype, 18 months later Bryanston was still the most prominent 

serotype, followed by Potchefstroom and E20/21 (Howell et a/. , 2002) . The fact that EEV is present in 

this region is obviously of great concern and can have grave consequences for the export of horses. 

1.3.5. Epidemiology of other orbiviruses 

Other orbiviruses mentioned in this thesis include Orungo, Lebombo, Chuzan, Broadhaven and St. 

Croix River virus. Orungo and Lebombo viruses have both been isolated in Africa. Orungo virus has 

been isolated from Aedes, Anopheles and Culex mosquitoes, as well as from humans, where it has 
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been associated with febrile illness. Antibodies to this virus have been detected in sera from camels , 

cattle, goats, humans, monkeys and sheep. Lebombo virus has been isolated from Aedes and 

Mansonia mosquitoes, human plasma and rodents (Brown et al. , 1991). Chuzan virus, a member of 

the Palyam virus serogroup, was isolated from the biting midge Culicoides oxystoma and sentinel 

calves in Japan in 1985. The virus was subsequently implicated in an epizootic of congenital 

abnormalities with hydraencephaly-cerebellar hypoplasia syndrome of calves. Palyam serogroup 

viruses are usually associated with a variety of haematophagous arthropod vectors and large 

mammals, principally cattle, in many parts of the world including Asia, Australia and Africa. Although 

the Palyam serogroup of viruses seem to be involved in producing abortion and congenital 

malformations in cattle, the pathogenic importance of most of them remains unknown (Yamakawa et 

aI., 1999). Broadhaven virus is a member of the Great Island virus group, which is currently classified 

as a serogroup in the Orbivirus genus. This virus is transmitted by ticks and was first isolated from 

Ixodes uriae (Moss et al., 1992; Attoui et aI., 2001) . St. Croix River virus was isolated from a tick cell 

line established prior to 1994 from eggs of Ixodes scapularis. The eggs were collected from a tick 

obtained from a hunter-killed white-tailed deer in western Wisconsin, near the St. Croix River. This is 

a new orbivirus that has not been studied to a great extent, and although its genome has been 

sequenced, nothing is presently known about its replication characteristics and pathogenicity (Attoui 

et aI., 2001). 

1.4. THE STRUCTURAL CHARACTERISTICS OF ORBIVIRUSES 

Most of the work done on the viruses of the Orbivirus genus has concentrated on the prototype 

member, namely BTV. In recent years information has also become available regarding AHSV and 

EHDV. Very little is however known at this stage about the structural or functional characteristics of 

EEV. 

1.4.1 . Viral morphology and chemical composition 

The prototype orbivirus, BTV, has a regular structure, is non-enveloped and the size of the virion is 

approximately 54 mf.l. BTV consists of a dsRI\JA genome enclosed by a capsid of complex nature 

containing a single layer of 32 well-defined protein capsomeres with a hexamer-pentamer clustering 

of units arranged in accordance with icosahedral symmetry (5 :3:2). The capsomeres are relatively 

widely spaced and have a flattened, hollow cylindrical or prismatic shape (Els and Verwoerd , 1969). 

This nucleocapsid structure (core particle) consists of 5 types of protein; two major (VP3 and VP7) 

and three minor components (VP1 , VP4 and VP6) (Verwoerd et aI., 1970; Els, 1973; Huismans and 

Howell, 1973; Bremer, 1976; Mertens et aI. , 1984; Roy, 1989; Huismans and Van Dijk, 1990; Roy, 

1996). This icosahedral core particle is surrounded by an easily removed outer capsid structure (outer 

shell) composed of two proteins (VP2 and VP5) . This outer capsid lacks clearly visible morphologic 
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subunits. None of the proteins is glycosylated or, as far as been determined, otherwise modified. 

(Roy, 1989). The core particle and outer capsid together is referred to as the virion. In protein 

synthesis studies at least 10 virus-induced polypeptides have been identified in infected cells. 

Therefore in addition to the seven structural proteins, there are at least three non-structural proteins, 

i.e. NS1 (P5a), NS2 (P6a) and NS3 (P8). Each of the major structural and non-structural proteins is 

encoded on a different genome segment (Mertens et al., 1984; Pedley et al., 1988; Van Dijk and 

Huismans, 1988; French et al., 1989). 

AHSV has a similar regular structure, also consisting of a protein capsid which consists of a single 

layer of 32 capsomeres arranged in a regular icosahedral symmetry to form a particle 55 nm in 

diameter (Verwoerd and Huismans, 1969). 

EEV in turn possesses a similar structure to that seen for both BTV and AHSV. The virus particles are 

73 nm in diameter (60 nm when negatively stained) and the particles do not appear to possess an 

envelope (Theodoridis et al., 1979). Experimental observations suggested that the capsid is 

composed of 32 hexamer-pentamer morphological subunits with icosahedral symmetry or a dimer or 

trimer arrangement of the capsomeres (Erasmus et al., 1970; Lecatsas et al., 1973) and the capsid 

shell of the virion is composed of two layers (Holmes et al., 1995). 

Electron microscopic studies have shown that negatively stained particles of BTV, AHSV and EEV are 

indistinguishable, and as representative example, negatively stained BTV particles are shown in Fig . 

1.1. 

Figure 1.1. Negatively stained bluetongue virus particles. X 156 000. Particles are indicated by arrows (adapted 

from Els and Verwoerd, 1969). 

Orbiviruses such as AHSV and BTV also share many similarities regarding their physical, chemical 

and biological properties. This includes their pH sensitivity, stability towards organic solvents and 

transmission by Culicoides species . They are thus mainly distinguished on serological grounds and 

because of their different host specificities (Verwoerd and Huismans, 1969). 
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BTY and AHSV, depending on the experimental conditions, can be either slightly sensitive or resistant 

to ether, chloroform and deoxycholate (Bowne and Ritchie, 1970; Borden et at., 1971 ; Bremer, 1994). 

AHSV is resistant to the action of trypsin (Bremer, 1994), BTY is labile at pH 3.0 (Borden et at. 1971), 

while AHSV can be inactivated within 15 min at pH below 5.6 and above 10.9 (Bremer, 1994). 

EEV, depending on the experimental conditions, can be either resistant or sensitive to chloroform , 

relatively sensitive to sodium deoxycholate and sensitive to trypsin. The virus is labile at pH 3.0 and 

5.0, as well as temperature sensitive as it is inactivated at 56°C (stable at temperatures lower than 

56°C) . The virus is also susceptible to actinomycin 0 (Erasmus et at. , 1970; Theodoridis et al., 1979). 

1.4.2. The viral genome 

Orbiviruses such as BTY, AHSV and EHDV, contain segmented genomes composed of 10 dsRNA 

segments ranging in size from 0.5 to 2.7 x 106 Daltons. A double layer protein coat surrounds these 

10 segments (Bremer, 1976; Van Dijk and Huismans, 1988). The segments are numbered 1 to 10 in 

order of their migration in an agarose gel (Huismans and Van Dijk, 1990) and are divided into three 

size groups of segments (Els and Verwoerd, 1969; Verwoerd, 1969; Bowne and Ritchie, 1970; 

Verwoerd et at., 1970), large segments (L, 1 to 3), medium segments (M, 4 to 6) and small segments 

(S, 7 to 10) (Roy, 1989). Each segment probably contains the information for the synthesis of one 

virus specific polypeptide; this is supported by a study that indicated that no secondary proteolytic 

cleavage of virus-induced polypeptides was observed to occur (Gorman et at., 1981). As an example, 

the 10 dsRNA genome segments of AHSV encode 7 structural proteins (VP1 to VP7) and at least 

three distinct non-structural proteins (NS 1 to NS3) (Bremer, 1976; Grubman and Lewis, 1992). Each 

segment codes for only one protein except the smallest segment, S 10, which codes for two proteins, 

NS3 and NS3A, presumably via different in-frame translation initiation sites (Van Staden and 

Huismans, 1991 ; Van Staden et at., 1991). 

AHSV, similar to BTY, also contains double-stranded ribonucleic acid as its genetic material and can 

be fractionated into at least 10 components of similar but not identical size distribution after isolation 

(Verwoerd , 1969; Verwoerd and Huismans, 1969, Verwoerd et al., 1970; Borden et al., 1971; Bremer, 

1976; Gorman et al., 1981; Knudson et at., 1982). A small and rather variable amount of hybridization 

has been found between bluetongue and African horsesickness viruses (Verwoerd and Huismans, 

1969), which indicates that the genomic segments of AHSV and BTY show some similarity. 

EEV, similar to both BTV and AHSV, contain RNA as its nucleic acid (Erasmus et at. 1970; 

Theodoridis et al. 1979) in the form of 10 segments of linear dsRNA (Viljoen and Huismans, 1989; 

Bremer et at., 1990). The sizes of the ten genome segments for EEV Cascara (EEV-2) have been 

estimated by electrophoresis on a 1 % agarose gel using BTV segments as a standard (Viljoen and 

Huismans, 1989) (Table 1.3.). 
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