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ABSTRACT

Bluetongue (BT) is an infectious, non-contagious, haemorrhagic, Culicoides
transmitted viral disease of domestic and wild ruminants caused by the bluetongue
virus (BTV). Sheep are the most susceptible species where severe clinical disease is
seen.

Currently, 35 different BTV serotypes have been reported to be circulating in
the world. In India, 24 serotypes have been reported based on the presence of
neutralizing antibodies and virus isolation. Bluetongue is controlled mainly by
vaccination. In India, a pentavalent inactivated vaccine containing BTV-1, 2, 10, 16
and 23 serotypes is currently in use. In recent times, the prevalence of BTV-23 was
found to be very less in the outbreaks. Therefore the current study aimed at cross-
neutralization studies of BTV-23 for possible replacement in the vaccine. Bluetongue
Virus-23 was plaque purified and hyperimmune serum (HIS) was raised in Deccani
sheep. This serum was tested for cross-neutralization against BTV-1, 2, 4, 5, 9, 10, 12,
16, 21, 23 and 24 serotypes by serum neutralization test (SNT).

BHK adapted BTV-23 was grown in Vero cell line and plaque purified using
agarose overlying method. Gel electrophoresis of extracted RNA from plaque purified
virus revealed 10 segmented genomes. The molecular confirmation of plaque purified
virus was done by RT-PCR using available BTV primers. The PCR product on gel
electrophoresis showed amplification with BTV-23 primers and the size of the
amplicon was 1370bp, no amplification was seen with other primes.
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Plaque purified virus was inoculated into two BTV seronegative Deccani
sheep with a dose of 2ml of 10*!!/100uL TCIDs and the control animal was injected
with plain media. The inoculated sheep developed mild clinical signs such as pyrexia
on 6 dpi i.e., 104.2°F and 104.3°F, pyrexia maintained for 4 days. Animals developed
nasal discharge on 10dpi. A booster injection is given on the 15" day with the same
dose and no pyrexia was observed in animals. The control animal exhibited no clinical
signs.

The inoculated animal developed BTV antibodies between 7"-15" dpi
detected by SNT and remained seropositive throughout the study. Antibody titre
detected from the serum collected on 28" dpi was 1/320 in both inoculated animals. In
cross-neutralization studies, BTV-23 hyperimmune serum didn't cross neutralize with
any available BTV serotypes (1, 2, 4, 5, 9, 10, 12, 16, 21 and 24).

Plaque purified BTV serotype was confirmed as BTV-23 by molecular
confirmation, and the hyperimmune serum raised will serve as a major tool in future
neutralization assays for BTV serotype confirmation and cross-neutralization studies.
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CHAPTER-I
INTRODUCTION

Bluetongue (BT) is an economically important, non-contagious arthropod
transmitted viral disease of domestic and wild ruminants. The causative agent,
bluetongue virus (BTV) is transmitted by culicoides biting midges (Maclachlan and
Mayo, 2013 and Koenraadt et al., 2014). Bluetongue virus is the type species of genus
Orbivirus, family Reoviridae and subfamily Sedoreovirinae (Mertens et al., 1989).
Sheep are the most susceptible hosts for BT, whereas cattle, buffalo and goats serve as
reservoirs for disease transmission (Mellor and Wittmann, 2002 and Coetzee et al.,

2014).

Bluetongue virus infection causes direct and indirect economic losses. Direct
economic loses includes high morbidity, mortality, stillbirths, abortions, foetal
abnormalities, reduced milk yield and fertility rate, weight loss, fleece losses, etc.
Indirect losses are due to restriction on animal trade movement and their products,
disease control such as vaccination, diagnosis, vector control and treatment of
affected animals (Rushton and Lyons, 2015; Grewar, 2016 and Gethmann et al.,

2020).

Bluetongue virus was first described in South Africa in 1876 when European
sheep intensive farming was introduced in the region (Maclachlan et al., 2015). In
1924, first BTV outbreaks were observed among sheep in Cyprus. Subsequently, after
1950 the disease has been reported in Asia, Europe, Australia, and North America.
The disease is present in all continents except Antartica (Mellor et al., 2009). In India
first BTV was reported among sheep and goats in Maharashtra (Sapre, 1964). It has

been recognized as an emerging transcontinental disease (Alkhamis et al., 2020).



Bluetongue virus distribution depends on vector presence, and it is endemic in
geographical regions located in latitude of approximately 40°-50° North and 35° South
(Balwan et al., 2021). Bluetongue outbreaks are highly seasonal, occuring during the
late summer and autumn. Bluetongue virus outbreaks occur throughout tropical,
subtropical and temperate regions of the world where competent vector population
exists. India is endemic for BTV, frequent outbreaks noticed in southern states of
India (Rao et al., 2016a).

The genome is composed of ten linear segments (seg-1 to seg-10) of double
stranded RNA (ds-RNA) packed within a triple layered icosahedral protein capsid
(Grimes et al., 1998). It encodes seven structural proteins (VP1 to VP7) and five non-
structural proteins (NS1-NS5) (Ratinier et al., 2011 and Stewart et al., 2015). The
VP2 is the most exposed protein on the mature virion and is responsible for receptor
binding, type-specific neutralizing antibodies response and Haemagglutinating

(Huismans and Erasmus, 1981).

World organization for animal health (OIE) listed BT as a multispecies disease
(OIE, 2021). Currently, 35 BTV serotypes were recognized worldwide (Ries et al.,
2021 and Breard et al., 2021). India is enzootic for BT and 24 BTV serotypes have
been reported from India based on neutralizing antibodies and virus isolation (Thota
et al., 2021). Currently, in India, a pentavalent inactivated vaccine having BTV
serotypes BTV-1, 2, 10, 16, and 23 is available (Reddy et al., 2010 and Naresh et al.,
2020). Infection with multiple serotypes is common in endemic areas. During 2017-
2019 prevalence of BTV-1, 2, 4, 5, 12, 16 and 24 was high (Thota et al., 2021 and
Naresh et al., 2020). The prevalence of different serotypes varies from time to time

and season to season. BTV-23 was rarely detected in the recent tested time.



The purpose of this study is to determine, possible cross neutralization and cross

protection of BTV-23 serotype with other available circulating BTV serotypes for

possible replacement of serotypes in the vaccine according to the prevalence.

The current study was designed with the following objectives.

1.

2.

Adaptation of BTV-23 to Vero cell lines.

Titration of virus and plaque purification of BTV- 23.

Molecular confirmation of BTV -23 with serotype specific gRT-PCR targeting
seg-2.

Raising of hyper immune serum in sheep.

Cross neutralization studies of BTV- 23 with other BTV serotypes.
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CHAPTER II
REVIEW OF LITERATURE

2.1 BLUETONGUE

Bluetongue (BT) is an economically important infectious, non-contagious,
arthropod transmitted viral disease of domestic and wild ruminants. It is caused by the
Bluetongue virus (BTV) which is the type species of the genus Orbivirus, within the
family Reoviridae, order Reovirales (Mertens et al., 2004). It is mainly transmitted by
biting midges of the genus Culicoides. Sheep are the most susceptible host, whereas

cattle and goats are reservoir hosts.

2.2 EPIDEMIOLOGY OF BLUETONGUE
2.2.1 History

The disease was first reported in the late 18" century as ‘tong-sikte' by French
biologist Francois de Vaillant in the Cape of Good hope between 1781 and 1784
(Gutsche, 1979). Later Dr. Hutcheon recorded some clinical features of the disease in
1880 and 1902 and mentioned as 'malarial catarrhal fever’ in sheep in the veterinary
record (Hutcheon, 1902). Hutcheon (1902) and Spreull (1905) were the first to give
detailed disease descriptions of BT. The name bluetongue was given by Spruell
(1905) which is a translation of the word ‘Blaauwtong’, which was used by Afrikaans
farmers, named after observing the cyanosis of tongue in affected sheep. BT is also
called 'Bekziekte’, which means mouth sickness. Sir Arnold Theiler in 1906
mentioned the causative agent of bluetongue as a filterable virus (Henning, 1956). BT
is listed as a multi-species disease by the Office international des epizootics (OIE,

2021).



2.2.2 Distribution

2.2.2.1 World: After the first report of BT in Africa, BT was thought to be confined
to Africa, but the first outbreak of BT outside the African continent was reported in
sheep from Cyprus (East Mediterranean) in 1943 (Gambles, 1949). Subsequently, BT
was reported all over the world, Israel in 1949 (Komarov and Goldsmit, 1951),
California in 1952 (Alexander, 1959), Pakistan in 1958 (Sarwar, 1962), India in 1963
(Sapre, 1964), Australia in 1977 (George et al., 1978) and China in 1979 (Zhang et
al., 1996).

The global distribution of the Bluetongue virus (BTV) lies approximately
between latitude 40°-50°N and 35°S (Walton, 2004; Purse et al., 2005 and
MacLachlan and Osburn, 2006). BT has been reported in many regions of the world
such as Africa, the Americas, the Middle East, the Indian subcontinent, China, South
East Asia, northern Australia, and Europe except Antarctica (Mellor et al., 2009).

Two geographic regions of BTV have been described based on phylogenetic
studies and they divide the strains into western and eastern “topotypes”. Western
topotype includes America, Africa, Europe, and the Middle East. Eastern topotype
includes China, South Asia, South East Asia, and Australia. At present 35 BTV

serotypes had been reported worldwide (Breard et al., 2021 and Ries et al., 2021).

2.2.2.2 India: In India, BT was first reported in Maharashtra in 1963, the disease was
reported in exotic sheep, namely Southdown, Rambouillet, Russian Merino, and
Corriedale (Sapre, 1964). Subsequently, severe BT was reported in the Dorset breed
in Andhra Pradesh in 1974, but the disease was not reported in native sheep. Later on,
diseases were reported in native sheep and outbreaks have been reported annually

since 1981.



Bluetongue disease was reported in different states which include Himachal
Pradesh (Uppal and Vasudevan, 1980), Haryana (Vasudevan, 1982), Karanataka
(Srinivas et al., 1982), Maharashtra (Singh et al., 1982), Rajasthan (Lonkar et al.,
1983), Andhra Pradesh (Babu et al., 1988) and Tamil Nadu (Janakiraman et al.,
1991).

Bluetongue disease is endemic in India. A total of 24 serotypes have been
recognized, based on serology and/or virus isolation of which 15 serotypes i.e., BTV-
1,2,3,4,5,6,9, 10, 12, 16, 17, 18, 21, 23 and 24 have been isolated by researchers
involved in the All India Network Program on Bluetongue (AINP-BT, 2012) and
other research laboratories (Chand et al., 2015; Ranjan et al., 2015; Krishnajyothi et
al., 2016 and Reddy et al., 2016). A higher incidence of BT was noticed in the
southern region of India compared to the northern region. The high sheep population
density, favourable climate conditions for vectors, and susceptible sheep breeds

contributed to the high incidence (Rao et al., 2016b).

2.2.3 Host

Bluetongue is primarily a disease of sheep (Erasmus, 1975), but it also affects
other vertebrate host which includes both domestic and wild ruminants, such as goat,
cattle, buffalo, white-tailed deer, antelope, sambar and camelid species such as camels
and llamas (MacLachlan, 1994 and Patton et al., 1994 ). Cattle, buffalo and goats are
sub-clinically affected and act as amplifying hosts, due to the presence of prolonged
viremia and absence of clinical signs (Tweddle and Mellor, 2002). But a higher
incidence of clinical disease has been observed in cattle and goats infected with BTV-

8 in Europe (Dercksen et al., 2007).



Although domestic livestock is known hosts, wild ruminants may also serve as
natural reservoir hosts of BTV (Wilson and Mellor, 2009) and antibodies have been
detected in wild carnivores in Africa (Coetzee et al., 2012). In wild ruminants, severe
clinical disease was noticed in white-tailed deer, pronghorn and desert bighorn sheep

(Rao et al., 2016b and Saminathan et al., 2020).

2.2.4 Transmission

The disease is mainly transmitted among susceptible hosts through the bite of
hematophagous midges of the genus Culicoides, belonging to the order Diptera and
the family Ceratopogonidae.

Du Toit (1944) experimentally infected sheep with homogenates of either midge
fed on infected animals or wild-caught Culicoides midges. Consequently, the sheep
developed BT, which confirmed that Culicoides was a vector of BT.

Among 1400 species of Culicoides were reported, 30 species were identified to
transmit BTV (Ander et al., 2012 and Maheshwari, 2012). In India, 60 species of
Culicoides were reported (Maheshwari, 2012). Once Culicoides vectors get infected
by feeding on the BTV-infected hosts they remain persistently infected for their entire

life span (Belbis et al., 2017).

2.2.5 Other Routes of Transmission

2.2.5.1 Transplacental Transmission: The passage of BTV across the placenta is
another mode of transmission. Backx et al. (2009) demonstrated the transplacental
transmission of wild-type BTV-8 in cattle under experimental conditions. The highest
rate of vertical transmission of BTV-8 in sheep was found at midterm gestation (Van

der Sluijs et al., 2011).



In 2013, Rasmussen and co-workers first time demonstrated transplacental
transmission of BTV-2 in experimentally infected sheep. BTV-1 induced
transplacental transmission with a higher incidence compared to BTV-8 (Van der

Sluijs et al., 2013a).

2.2.5.2 Veneral Transmission: Transmission of BTV has been reported among
ruminant hosts through infected semen and embryos. Bull semen can also transfer the
virus, but it can be infected only when the bull is viraemic (Howard et al., 1985 and
Ward, 1994) and when semen contains red or white blood cells with which viruses are
associated.

The studies on the re-emergence of BTV-8 in France in 2015 suggest that
outbreaks occurred from contaminated frozen semen with BTV-8 of the previous

outbreak (Pascal et al., 2020 and De Clercq et al., 2021).

2.2.5.3 Contact and Oral Transmission: Menzies et al. (2008) reported direct
contact transmission of BTV-8 in cattle by the ingestion of BTV contaminated
placenta. Oral transmission of BTV was reported in calves fed with infected
colostrum (Backx et al., 2009).

Horizontal transmission had been reported with BTV-8 and BTV-1 in
experimental sheep which are maintained in a vector-free environment (\VVan der Sluijs
etal., 2011 and Van der Sluijs et al., 2013b).

The direct transmission seen in some BTV serotypes and was experimentally
confirmed are BTV-26 (Batten et al., 2014), BTV-27 (Schulz et al., 2016) and BTV-

28 (Bumbarov et al., 2020).



2.2.5.4 Mechanical Transmission: Some arthropods like sheep ked Melophagus
ovinus, (Luedke et al., 1965) and soft ticks Ornithodoros coriaceus (Stott et al., 1985)
can act as mechanical vectors for BTV.

Bouwknegt et al. (2010) demonstrated the transmission of BTV-8 in ticks by
transstadial passage in hard ticks and transovarial passage in soft ticks and therefore
act as a source of the potential vector.

Bluetongue can be transmitted mechanically (iatrogenic) by contaminated
surgical equipment and needles containing infected blood (Sperlova and Zendulkova,

2011 and Darpel et al., 2016).

2.2.5 Clinical Signs

Clinical signs of disease in sheep may vary in severity, influenced by the type or
strain of the virus infecting and also by the breed affected (Verwoerd and Erasmus,
2004). In sheep, the disease is manifested as an acute, chronic, or sub-clinical
condition.

The incubation period of BT in natural infection is about 7 days and artificial
infection ranges between 2 to 15days. Clinical signs are characterized by pyrexia
(41°-42°C), nasal secretions, oedema of lips, tongue, face and lymph nodes,
haemorrhages of the mouth and tongue, ulcers of the oral cavity (such as dental pad)
and inflammation of the coronary bands combined with lameness or difficulty in
walking. In severe cases, cyanosis of the tongue can also occur, giving the disease its
name (Verwoerd and Erasmus, 2004; Dal Pazzo et al., 2009 and Maclachlan et al.,

2009).
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In chronic conditions animals show weakness, prostration and torticollis as well
as wool break. Sometimes animals may develop a secondary bacterial infection such
as bacterial pneumonia (MacLachlan and Gard, 2009).

In pregnant ewes, an infection may cause abortions, fetal mummification and
congenital defects seen are hydrocephalus, cerebral cysts, retinal dysplasia, etc.
(Saegerman et al., 2011).

In goats decrease in milk production, oedema of the lips and head, nasal
discharge and erythema of the skin and udder were observed (Sperlova and
Zendulkova, 2011).

In cattle, clinical signs observed are ocular discharge, conjunctivitis, congested
oral mucosa, ulcers and necrotic lesions development on the lips and tongue and later

become oedematous (Sperlova and Zendulkova, 2011).

2.2.6 Bluetongue Virus

Bluetongue is a segmented double-stranded RNA virus of the genus Orbivirus,
family Reoviridae, subfamily Sedoreoviridae (Van Dijk and Huismans, 1988 and Roy
etal., 1990).

The virus is non-enveloped with icosahedral symmetry which measures about
80-90nm in diameter. The complete genome of BTV is approximately~ 19.2 Kb in
length (Pringle, 1999). The viral genome consists of 10 segmented linear double-
stranded RNA (Mertens and Diprose, 2004). The size of genome segments ranges
from 3954 to 822 bp in the order of decreasing molecular size on agarose gel from
Seg-1 to Seg-10 (Bhanuprakash et al., 2009). The genome segment encodes 7
structural (VP1-VP7) and 5 nonstructural proteins (NS1, NS2, NS3/NS3A, NS4 and

NS5) (Ratinier et al., 2011; Patel and Roy, 2014 and Stewart et al., 2015).
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The mature BTV particles comprise three concentric capsid layers. The outer
capsid protein layer (VP2 and VP5) has 60 trimers of VP2 (encoded by seg-2) which
forms a triskeleton structure that is interspersed between 120 trimers of VP5 molecule
(encoded by seg-6). The VP2 protein is a major determinant of the BTV serotype and
is responsible for the stimulation of serotype-specific neutralizing antibodies and
hemagglutination (Ranjan et al., 2015).

The innermost 'sub-core’ layer is composed of VP3 protein and transcriptional
complexes such as VP1, VP4 and VP6 are involved in viral replication and
transcription. The outer surface of the subcore is composed of VP7. It provides
strength and rigidity. The VP7 is a major group-specific antigen determinant and it is
commonly used in a c-ELISA assay for the detection of anti-BTV antibodies (Rao et
al., 2017).

The non-structural (NS) protein is seen in infected host cells. NS1 protein forms
tubules for the translocation of progeny virus particles to the cell membrane of the
infected host cell. The ssRNA-binding NS2 protein has nucleotidyl phosphatase
activity and forms an inclusion body in the cell cytoplasm (Roy, 2017). NS3 and
NS3a are produced in insect cells for the release of virion particles from infected
cells. NS4 is involved in virus-host interaction and antiviral immune response

(Saminathan et al., 2020).
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Fig 2.1: Bluetongue Virus structure
Schematic diagram of BTV representing structural proteins and ds-RNA segments
(Roy et al., 2009).

Table 2.1 Bluetongue Virus genome segments, the encoded proteins and their

characteristics and functions

Genome
segment

Segment
size (bp)

Proteins
encoded

Characteristics/functions

Seg-1

3954

VP1

RNA dependent RNA polymerase

Seg-2

2926

VP2

Cell attachment, entry
Haemagglutination
Virus neutralization antigen determines serotype

Seg-3

2770

VP3

T=2 icosahedral symmetry

Scaffold for addition to the core surface layer,
Outer coat proteins,

Localizes transcriptase complex on an internal
surface of the capsid, at 5-fold axes

Seg-4

1981

VP4

Capping enzyme-nucleoside phosphohydrolase,
guanylyltransferase, transmethylase

Seg-5

1769

NS1

Abundant in the infected cell cytoplasm

Forms tubules, with unknown function

Aids virus released from insect cells

Viral protein translation enhancer

Co-localizes with the centrosomes- may play a
role in disruption and blocking of cell division in
mammalian cells.

Seg-6

1638

VPS5

Has coiled-coil domain — induces membrane
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permeabilization during initiation of infection and
causes syncytia formation
Affects the specificity of virus neutralization

Seg-7 1156 VP7 Core structural protein
T=13 icosahedral symmetry
Receptor binding for culicoides cells
Group / virus-species-specific antigen
Seg-8 1124 NS2 Forms inclusion bodies
Aids in early morphogenesis
Binds mRNA
Phosphorylated by protein kinase
Blocks spindle formation and cell division
Seg-9 1046 VP6 Helicase, binds ss/ds RNA, ATPase
NS4 Imparts viral fitness to IFN response
Seg-10 822 NS3 Glycoprotein
Aids virus release
Localizes to cell membrane late in infection-
interacts with lipid droplets in infected cell
NS3A | The glycoprotein binds cellular exocytotic
components
Viroporin - aids virus release from insect cells
NS5 Localizes to nucleus

(Rao et al., 2017)

2.3 PROPAGATION AND ISOLATION OF BLUETONGUE VIRUS

Haig et al. (1956) observed the cytopathogenic effect of the bluetongue virus in

primary lamb kidney cells. Five different strains of bluetongue virus were employed

in the study Cyprus strain, Estantia strain, Ermelo strain, Vlak strain and California Il

strain obtained from sheep. AIll virus strains were adapted to propagate in

embryonated eggs. 0.2 mL of 10 suspension virus was inoculated in primary lamb

kidney cell culture. Cytopathogenic changes were noticed from the third day of

incubation in cells such as swollen, granular, shrinkage and later cells detached.
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Mc Phee et al. (1982) assessed the replication of Australian BTV in eight
continuous cell lines (BHK-21, Vero, LLC-MK2, CV-1P, CSL-503, L929, SVP, and
Aedes albopictus cells) and 11-day old embryonated chicken egg (ECE) at different
multiplicities of infection. Maximum extracellular virus yields were attained from
BHK-21 cells at both high and low multiplicity of infection than other cell lines
tested. No cytopathogenic effect (CPE) was seen in Aedes albopictus cells.

Blanchard-Channell and Stott (1989) propagated BTV serotype 17 in Vero cells
in two different media, MEM and RPMI11640 supplemented with serum extenders to
determine a particular medium formulation capable of supporting better virological
assays as well as cell growth. Cells grown in RPMI1640 showed better growth and a
high virus titer was obtained than MEM media used.

Chung et al. (1991) inoculated the blood sample of a ram to 11-day-old
embryonated chicken eggs by intravenous route. All the egg embryos which were
injected with blood samples died within 7 days after inoculation. The embryos were
homogenized and inoculated onto Vero cells and the cytopathic effect was observed.
The serotype was identified as serotype 11 by serum neutralization tests.

Roy and Mehrotra (1999) adopted BTV isolates to BHK-21 cells. Evidence of
cellular destruction was observed from 24 hours post-infection. The H&E stain of the
infected BHK-21 monolayers by 48 hours of post-infection revealed intracytoplasmic
eosinophilic, perinuclear inclusion bodies, vacuolation of cytoplasm and giant cell
formation.

Clavijo et al. (2000) collected blood samples and tissue samples from the
animals and inoculated them into 10 days old embryonated chicken egg (ECE) by the
intravenous route (IV). The embryo died between day 3 to day 6 after inoculation and

the infected embryo had a characteristic cherry-red discoloration due to hemorrhages
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and oedema. Tissue is homogenized and used as inoculum for BHK-21 cells infection.
After infection BHK-21 cells produced a distinct cytopathic effect (CPE) at 3-5 days
post-infection. The CPE observed was the appearance of foci of rounded and
refractile cells, foci rapidly enlarge and rupture, whereupon they detach and float
freely in the culture media.

Billinis et al. (2001) reported that the duplex RT-PCR method is specific and
more sensitive for BTV detection. Twelve day old embryonated chicken eggs were
inoculated with 0.1 mL washed, packed and ultra-sonic treated blood cells by
intravenous route. Bluetongue virus positive samples caused haemorrhages in the
embryo and resulted in embryo death. BHK-21 cell monolayers infected with 1 mL of
a homogenized mixture of dead embryos. Positive samples showed a cytopathic
effect. Virus identification was carried out by indirect immunofluorescence. Among
36 blood samples were collected and examined, 17 samples showed were detected
positive for BTV by RT-PCR, whereas only 13 were detected by virus isolation in
embryonated chicken eggs and 9 samples by cell culture assays.

Sekar et al. (2009) compared the susceptibility of BHK-21 and Vero cell lines
to BTV infection. Both cell lines were maintained in MEM supplemented with 10 %
FBS. BTV infected blood samples collected during the high febrile period, were
processed and infected both monolayers. CPE characterized by swollen, rounding of
cells, syncytia formation, giant cell formation, and finally detachment from the
attached surface was observed from 36 hours post-infection in both cell types. But
high virus titre was obtained in the Vero cell line (10'%3- 10'°%) than in BHK-21
(10%*- 10®®). They concluded that maximum infectivity titre was observed in the Vero

cell line than BHK-21 cell line.
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Maan et al. (2015) propagated BTV in BHK-21 clone -13 cells in Dulbecco’s
minimum essential medium (DMEM) at 37°C supplemented with antibiotics and
glutamine. After infection, cell cultures were incubated at 37°C which produced
cytopathic effect (CPE) at 48-72 hours post-infection. The cell culture fluid was
harvested 3-4 days post-infection and used for viral genome extraction.

Lean et al. (2019) evaluated the pathogenesis of BTV in-ovo with a pathogenic
isolate of BTV-3, a blood sample collected from an infected sheep. Compared the
virus propagation and isolation by two methods: 1) ECE (one passage), followed
by Aedes cells (C6/36) (one passage) and then BHK-BSR cells (three passages), (2)
KC cells (one passage), followed by BHK-BSR cells (three passages). Vero cells
infected with KC passaged virus produced CPE in 12 h of post-infection (HPI) and
ECE passaged virus didn't produce CPE until 24 HPI. They observed more infectious

virus obtained KC passaged virus than ECE passaged virus.

2.4 PLAQUE PURIFICATION

Howell et al. (1967) plaque purified tissue culture adapted and egg adapted
strains of BTV in mouse fibroblast cells. They followed the agarose overlaying
method, cells were maintained in a modified eagle's medium with 10% FBS. Plaques
are formed by tissue culture and egg-adapted strains but they differ morphologically
in size, shape and perimeter. Plaques formed earlier in Egg adapted strains than in
tissue culture-adapted strain. Plaques were observed from the 3" day onwards. They
also observed that the size and number of plaques developed depend on the agarose

concentration and depth. They demonstrated one virus particle produces each plaque.
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Blanchard-channell and Stott (1989) demonstrated plaque assay for BTV
serotype 17 prototypes (62-45S) in Vero cells using two different media, MEM and
RPMI 1640 supplemented with different varieties and combinations of serum
extenders to study the effect of medium and serum variations on producing plaques
morphology. During their study observed both basal medium and serum supplements
were important for the maintenance of cell quality under agarose overlay. MEM
showed better results than RPMI 1640. Cells supplemented with 3.5% FBS/SerXtend
developed larger plaques while 10% FBS usage result in small plaques. Vero cells
maintained in RPMI 1640 with either 3.5% or 5% FBS/SerXtend showed well visible
plaques and poorly visible plaques seen in cells maintained in MEM with 10% FBS or
5% FBS/SerXtend.

Pullinger et al. (2016) plaque purified BTV-1 and BTV-26 isolates which were
obtained from infected sheep blood. Plaque purification was done in BSR cells
maintained in DMEM with 5% FCS. Viral dilution prepared in DMEM media with
5% FCS, 0.5 mL of diluted virus added to confluent monolayers of BSR cells in 12
well plates. After 90 min at 37°C with 5% CO,, the diluted virus was removed and
replaced with 3 mL of MEM containing 3% FCS and 1.5% melted agarose overlayed.
Plates were incubated at 37°C with 5% CO; until plaques were visible. These were
picked into DMEM media with 5% FCS, before passage on BSR cells. The plaque
purified viruses were used to make a series of reassortant strains containing individual
genome segments from BTV-26, which were generated within a BTV-1 genetic
‘backbone’.

Srikanth Reddy (2018) carried out a plaque purification assay of BTV serotype
4 isolates in the Vero cell line. Plaque purification was carried out three times using

the agarose overlaying method in 6 well plates, where the stock virus diluted from



18

102 to 10°°. Plaques were observed from the 3™ day of infection and became
prominent on the 4"day of infection, plaque size is approximately 1mm. Plaques were
picked and grown in a T25 flask and the cell culture fluid was used for RNA isolation
and confirmed through RT-PCR where only the BTV-4 serotype is seen and no other
serotype was detected. The hyperimmune serum is raised in sheep against the plaque
purified virus BTV-4.

Srinivas et al. (2018) plaque purified of BTV-12 isolates was done. Bluetongue
Virus-12 isolates adapted to the Vero cell line had a titre of virus 10°®/mL. The
stock virus was diluted from 107 to 10 and plaque purification was done three times
in 6 well plates by using the agarose overlaying method. Plaques were picked and
subsequently grown in a T25 flask and Plaque purification was confirmed by RT-PCR
amplified only a product of 750 bp with BTV-12 specific primers. And it was also
verified with another primer specific for BTV-1, 2, 4, 9, 10, 16, 21, 23 and 24, but no
amplification was seen with these primers. The kinetics of infection and cytopathic
effect of BTV-12 was studied in the Vero cell line by using H&E staining of the
infected Vero cell layer. The infected cell was observed at 24, 36, 48 and 72 h of post-
infection.

Rahman et al. (2020) reported the presence of a calcium-binding region in non-
structural protein 2 (NS2), calcium-sensing triggers viral inclusion bodies (VIB)
assembly and helps in virus replication and assembly. Mutations were introduced in
the BTV genome by site-directed mutagenesis, targeting three sites (Al, A2, A3) of
the Ca*? binding region in NS2 protein and recombinant NS2 protein produced.
Plaque assay was performed for mutant BTV and wild-type BTV in BSR cells (BHK-
21 subclone) and BS8 cells. Cells were cultured in DMEM, supplemented with 5%

FBS at 35°C in 5% CO,. The monolayer was overlaid with 1% agarose and incubated
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for 3 days at 35°C in 5% CO,. They observed A1 mutant failure to recover infectious
virus and no plaque formation and plaques formed with wild-type BTV. They

explained the importance of Ca*? for the production of infectious viruses.

25 TYPING OF BTV ISOLATES

For effective control of bluetongue disease, an early diagnosis and effective
prophylactic measures like vaccination are required. Early diagnosis of BTV and its
characterization up to the serotype is essential which can be fulfilled by various
typing methods like serological typing by serum neutralization test, plaque
neutralization test, fluorescence inhibition test (Blacksell et al., 1993) and molecular
methods using PCR technique (Mertens et al., 2007).
2.5.1 Molecular Typing

Subhadra et al. (2014) evaluated a SYBR green-based qRT-PCR assay to detect
BTV. They designed primers based on the NS3 gene and melt curve analysis
indicated the absence of non-specific amplification (R2 = 0.987). In this assay, they
compared the sensitivity of conventional PCR and qRT-PCR. Examined 32 blood
samples and 24 were tested positive for BTV RNA. They observed that few samples
which are shown negative through conventional PCR, were tested positive by the real-
time PCR. They concluded real-time PCR assay was specific, sensitive and rapid in
the detection of BTV in blood samples.

Feng et al. (2015) developed a BTV serotype-specific qRT-PCR assay with
TagMan MGB probes based on the VP2 gene. This assay proved a rapid, sensitive,
and reliable method for the identification, differentiation and quantification of 22

BTV serotypes.
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Bumbarov et al. (2016) detected BTV contaminations in commercial vaccines
of Lumpy skin disease (LSD) and Sheep pox (SP) using qPCR for VP1 and NS3
genes. The Sheep pox vaccine-derived sample further propagated in ECE and Vero
cells. Sequence analysis of the LSD vaccine showed 98-99% similar to BTV-9 and
analysis of the six genomic segments from the SP vaccine-derived isolate showed
66.3-97.8% similar to BTV-26.

Maan et al. (2016) developed a quantitative real-time type-specific RT-PCR
assay for the detection and typing of BTV based on the TagMan fluorescence probe.
The real-time RT-PCR assay targeting Seg-2 (VP2) is considered more sensitive than
the conventional RT-PCR assay for typing BTV RNA.

Krishnajyothi et al. (2016) applied an RT-PCR assay for confirmation of BT
during the 2010 outbreak in the Telangana State of India from infected sheep blood.
The BTV was confirmed by Seg-5 and Seg-7 based on conventional RT-PCR.
Serotype-specific RT-PCR targeting Seg-2 was carried out initially with primers of
common circulating serotypes in India, followed by primers of 26 worldwide
serotypes of BTV. They found samples were amplified with BTV-24 primers only
and subsequent sequencing analysis proved BTV-24 in the sample.

Lakshmi et al. (2018) standardized gPCR and determined the limit of detection
(LoD) for virus-spiked culture medium and blood as 10° TCIDsy/mL and 10*
TCIDs/mL with RT-PCR and 10° TCIDso/mL and 10> TCIDso/mL with real-time
PCR, respectively. The study suggests that real-time PCR stands out as a very
sensitive and reliable assay for the detection of BTV present in different types of

samples.
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Typing of BTV isolates obtained from field outbreaks of BT during 2016-18
from the states of Telangana and Andhra Pradesh was done by using cell culture and
molecular diagnostic techniques (Sharanya, 2018). Molecular confirmation of group-
specific BTV done by RT-PCR targeting primers specific for NS3 and subsequent
molecular typing of positive sample done with real-time PCR using primers specific
to VP2 gene of 29 known serotypes.

Thota et al. (2021) reported VP2-based molecular detection of BTV from the
blood samples collected in clinically infected sheep. They detected major circulating
serotypes of BTV during 2014-2018 in Telangana and Andhra Pradesh. A total of 272
blood samples were collected and screened for the BTV serotypes through
conventional RT-PCR and the serotype circulating are eastern topotypes (BTV-1,
BTV-2, BTV-4 and BTV-16) and Western topotypes (BTV-16 and BTV-24).

Saminathan et al. (2020) studied the transplacental transmission of BTV
serotype-1 in IFNAR1 blocked mice during early and mid-gestation. Viral loads from
blood and tissue sample were quantified by real-time PCR. BTV RNA was detected in
blood, uterus and placenta. The highest copy number was detected on early-gestation

and mid-gestation.

2.5.2 Serological Typing

Serum neutralization test (SNT), considered as gold standard ‘for serotyping’ as
used to evaluate serotype-specific neutralizing antibodies. The highest serum dilution
showing complete inhibition of CPE in monolayers was taken as neutralizing

antibody titre.
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Sreenivasulu and Subbarao (1999) conducted a serological survey in Andhra
Pradesh. A total of 976 sera were collected from different species of healthy animals
and screened by c-ELISA. The study revealed the presence of BTV antibodies in
45.71% of sheep, 43.56% of goats, 33.11% of cattle and 20% of buffaloes. Region-
wise seroprevalence was reported as 46.75% in Rayalaseema, 46.05% in Telangana
and 33.54% in coastal regions of Andhra Pradesh.

Sairaju et al. (2013) conducted a study to determine the seroprevalence of BTV
in Andhra Pradesh during 2005-2009. Serum samples were collected from
unvaccinated sheep between the ages of 0.5-3 years. Group-specific detection of BT
done by c-ELISA, 52 sera samples were positive for BTV subjected to type-specific
neutralization with available serotypes- 1, 2, 9, 10, 21 and 23. A total of 52 samples
tested 50%, 44.23%, 21.15%, 26.92%, 0% and 15.38% were neutralized by BTV
serotypes 1, 2, 9, 10, 21 and 23, respectively and 36.92% of sera samples didn't
neutralize with any available serotypes, suggesting the prevalence of other serotypes.

De Campos Nogueira et al. (2016) studied seroprevalence of BTV serotype 4 in
cows older than 1 year age in Brazil. A total of 1716 serum samples were collected
and a Virus neutralization test (VNT) was performed in Vero cell lines maintained in
MEM. Serum samples were used in 1:10 to 1: 640 serial dilutions to detect antibodies
against BTV-4. They found 86% of serum samples positive for BTV-4.

De Ankan et al. (2019) conducted a study to investigate the prevalence of BT
and type-specific neutralizing antibodies in goats. Neutralizing bodies in the selected
serum sample were detected by SNT against six BTV serotypes. BTV-1 was found to
be more predominant (65.27%), BTV-16 (26.38%), BTV-10 (20.83%), BTV-9 and 23

(13.88%) and BTV-2 (6.94%).
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Putty et al. (2020) carried out serological typing of BTV in reservoir hosts such
as cattle and buffaloes of different age groups in Telangana and Andhra Pradesh
where the disease is major prevalent. A total of 321 blood samples were collected and
tested for group-specific seroprevalence by c-ELISA and type-specific seroprevalence
by serum neutralization test (SNT). Few samples neutralized against BTV-1, 2, 4, 5,
9, 12, 16 and 24 serotypes, and some samples could not neutralize any of the tested
BTV serotypes. Most of the sera neutralized more than one serotype.

Naresh et al. (2020) studied the seroprevalence of BTV in sheep (6 months to —
1-year-old) from six districts of Telangana district during 2018-2019. Group-specific
serotyping was done by c-ELISA and type-specific seroprevalence was detected by
neutralization assay. The study was conducted to monitor the circulating serotype of
BTV. They found highest seroprevalence in Khammam district and seroprevalence of
BTV- 1, 2, 4,509, 10, 12, 16, 21, 23 and 24 were reported as 16.66%, 11.66%,
31.66%, 11.66%, 5%, 6.66%, 16.66%, 8.33%, 13.33%, 6.66% and 16.66%,
respectively. Among them, the prevalence of BTV-4 was found to be predominant.

Studies were conducted to investigate neutralizing antibodies to different BTV
serotypes in the goats. 36 samples out of 186 serum samples tested positive by
indirect ELISA. Type-specific neutralization was done with available serotypes BTV-
1, 2, 9, 10, 16 and 23. Among them, 15 samples of neutralizing antibodies were
detected and the rest of the serum samples couldn't neutralize with the available
serotypes. Neutralizing antibodies to BTV-10 were found in more numbers followed
by BTV-1, 2, 23, 9 and 16 serotypes. They found most of the sera neutralized more
than one BTV serotypes indicating superinfection by multiple BTV serotypes in goats

Ain et al. (2020).
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2.6 CROSS-NEUTRALIZATION STUDIES

Umeshappa et al. (2010) conducted a study on cell-mediated immune response
and cross-protective efficacy of binary ethylenimine-inactivated (BEI) BTV-1 vaccine
in sheep. Sheep between age group 1.5-2yrs screened for BT antibodies by c-ELISA
and seronegative animals were selected. BTV-1 vaccine at a titre of 1.3x10° pfu/mL
was given and the second dose was given on the 21% day. After 3 months of
vaccination, an animal is challenged with the BTV-23 serotype and found protection
against the virus.

Balam (2011) studied the antigenic relationships among BTV-2, 9 and 15
serotypes. Viruses purified by the PEG precipitation method and hyperimmune serum
were raised in New Zealand white rabbits. The reciprocal cross-neutralization test was
done between BTV- 2, 9 and 15 serotypes to determine the R% value which indicates
antigenic relatedness. The R% value obtained was less than 10% indicates weak
antigenic relationship that is 2.8, 3.53 and 2.8 for BTV-2 & 9, BTV-2 & 15 and BTV-
9 & 15 respectively.

Zulu and Venter (2014) evaluated cross-protection of BTV serotype 4 with
other serotypes in sheep (in-vivo) based on previously reported cross-neutralization of
specific BTV serotype in-vitro studies. Bluetongue Virus serotype-4 at a titer of
4.2x10° logl0 TCIDsy/ mL of 2 mL injected in sheep. Serum was collected at
different intervals 0", 14™ and 28™ days. After the 28™-day animal is challenged
intravenously with different serotypes, namely BTV-1, 4, 9, 10 and 11. Animal
monitored for clinical signs and serological cross-neutralization was assessed by using

a serum neutralization test (SNT). Cross - protection was estimated by observing
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clinical signs and by SNT assay against the challenged type. Good protection was
noticed in animals challenged with BTV-9, 10, 11 viruses, whereas 20% cross-
protection was seen with BTV-1 virus and 80% of animals' clinical signs were
observed.

Reddy et al. (2018) reported that in their study 1mL containing 10° TCIDsj of
plaque purified BTV-4 virus was inoculated to sheep via intradermal route and
subcutaneous routes on the 0Mday and 15"day. After 28 dpi serum samples were
collected from sheep and then cross-neutralization was tested against all available
plaque purified serotypes (BTV-1, 2, 9, 10, 12, 16, 21, 23 and 24). After cross-
neutralization, they observed BTV-9 and BTV-10 serotypes were neutralized with
BTV-4 serum and thus revealed heterotypic cross-neutralization, but didn't show any
cross-neutralization with other available plaque purified serotypes.

Srinivas (2018) studied the cross-neutralization assay of BTV-12 in Vero cells.
Plaque purified BTV-12 serotype and raised HIS in sheep against the virus. Serum
samples were collected at different intervals and SNT was done with serum samples
collected on the 28" day. Cross neutralisation were done with all available BTV
serotypes BTV-1, 2, 4, 5, 9, 10, 12, 16, 21, 23 and 24. They found HIS could
neutralize BTV-1.

Kesavulu Naidu (2019) performed plaque purification of BTV- 24 serotype in
Vero cells and purified virus injected into sheep to raise HIS. 1 ml of 10 >4 mL
TCIDsg inoculated into sheep in two different sites such as 0.5 mL subcutaneous route
and 0.5 mL intradermal route. Serum samples were collected at different time

intervals and detected for the presence of BTV antibodies by c-ELISA. At 28 Days P.I
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antibody titre was found to be 320, SNT has performed with 28" Day serum with
available serotypes such as BTV-1, 2, 4, 5, 9, 10, 12, 16, 21, 23 and 24. They reported
that BTV-24 HIS couldn't neutralize with any other BTV serotype and found no
cross-protection with other serotypes.

Martinelle et al. (2018) assessed the cross-protection induced by a BTV
serotype 8 vaccine towards other BTV serotypes, namely BTV-1, 2, 4, 9 and 16 in
calves (5.5 - 6 months age). For each tested serotype, two groups of Holstein's calves
were used: one group vaccinated against BTV-8, and the second vaccine injection
given after 33days interval before the challenge, the other group of an animal was
non-vaccinated. Animals were injected with BTV serotype 2.5 to 4mL of inoculum to
a titre of 10° TClIDsy/animal. Clinical signs, rectal temperature monitored and
serological relationship was assessed by SNT. In the cross-neutralization study, a
partial serological cross-reactivity was seen between BTV-8 and BTV-4 and between
BTV-1and BTV-8.

Jyothi et al. (2020) developed a subunit vaccine for three different BTV proteins
(VP2, VP5 & NS1) to provide broad-spectrum protection against all multiple
serotypes. BALB/c was immunized with these proteins and developed antibodies.
Cross-neutralization done against different BTV serotypes was determined by serum
neutralization test. High neutralizing antibody titer developed with the recombinant
protein (subunit vaccine) in mice. Cross-neutralization was observed with BTV-1, 2,
4,9, 10, 16, 21 and 23. No neutralization antibodies were observed for BTV-5, 12 and

24,
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2.7 ANIMAL EXPRIMENTATION STUDIES

Ghalib et al. (1985) studied virological, clinical and serological responses
caused by BTV- 10, 11, 13 and 17 serotypes in 3-6 months old sheep. A 2 mL of
purified BTV with a titre of 10" pfu/mL was injected into sheep via different routes, 1
mL intravenous, 0.5 mL each by intradermal and subcutaneous routes. After 2-3 days
of post-inoculation (P.1) developed viremia and reached the peak by Day 7 P. | lasted
viremia for 2-3 weeks. Animals showed mild clinical responses such as pyrexia,
salivation, dyspnoea, and leukopenia, and no mouth lesions were observed.
Antibodies started to appear from the 10" of P.I and reached maximum by Day 28 P.I.

Chander et al. (1990) studied clinical and immune responses in crossbred sheep
with reference and local strain. Each animal was injected with a 10 mL BTV-1 virus
of 10° TCIDsy/ mL titer via subcutaneous and intradermal routes. Animals infected
with local strain developed mild clinical signs and animals infected with reference
strain developed respiratory signs. All animals developed pyrexia (40°C — 41.1°C)
between 7-13 dpi. Neutralizing antibodies developed in animals infected with local
and reference strains. Serum neutralization (SNT) mean antibody titre was 1/60 and
1/65 on 21 dpi, but peak titre was calculated as 1/160 and 1/120 on 28 dpi infected
with local and reference strains, respectively.

Umeshappa et al. (2011) compared the intradermal (ID) and intravenous (V)
inoculation of BTV-23 serotype in sheep. Animals were injected with 6 mL of viral
inoculum containing a titer of 10> TCIDso/mL. Compared to IV inoculation, 1D
inoculation resulted in relatively increased clinical signs and lesions, found more
efficient in disseminating and spreading the virus to systemic organs. Intradermal
inoculation resulted in a higher antibody titre and it reproduced many aspects of the

natural route of infection.
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Batten et al. (2012) studied BTV serotype-26 pathogenesis and infection
kinetics in goats. Goats were inoculated subcutaneously with 1 mL of KUW2010/09
BTV-26 BHK2 at a titre of 10°°® TCIDso/mL. The animals are daily monitored for
temperature and clinical signs up to 14 days post-infection (dpi). They detected a high
level of viral RNA and virus isolated from the blood of infected animals, but the
animals did not develop clinical signs of BTV. Antibodies against BTV were detected
between 7 and 11 dpi in all infected animals. They concluded that BTV-26 replicates
to high levels in goats, causing no clinical disease, suggested goats may be the natural
host for this virus.

Schulz et al. (2018) studied experimental infection of BTV-4 field strain from
Bulgaria in sheep, goats, and cattle. Animals were inoculated with 2-4mL of 10°
TCIDso/mL and observed clinical signs. Mild clinical signs developed in sheep and
goats such as increased temperature (39.7-41.8°C) and nasal discharge. In cattle, only
an increase in temperature was noticed and no clinical signs were observed.
Neutralizing antibodies developed 10 Day P.l, reached a peak at 28 Day P.l. and in
cattle, viremia lasts longer.

Reddy et al. (2018) experimentally inoculated BTV-4 in Deccani sheep between
the age group of 6-12 months. 1mL of 10°*®/mL TCIDs virus was inoculated to sheep
by two routes 0.5mL intradermal region and 0.5mL subcutaneous at shoulder region
and on the 15" day, 2™ injection was given with the same dose. Sheep had developed
mild pyrexia of 103.6°F on 6 dpi, which persisted for 4 days along with nasal
discharges, oedema of the buccal area and lips between 10-11 dpi. Both animals
developed a humoral immune response on the 7th day of post-inoculation, which was

observed to maintain till the end of the experiment (28 dpi).
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Srinivas (2018) plaque purified BTV-12 and raised hyperimmune serum in
Deccani sheep. One mL of 10%*®/mL virus was inoculated to 6-8 months old Deccani
sheep by two routes i.e., 0.5 mL via intradermal and 0.5 mL via subcutaneous routes
at the shoulder region. Animal exhibited mild clinical symptoms such as pyrexia on 6
dpi (103.8°F-105.1°F) which persisted for 4days and nasal discharges developed on
13dpi.

Kesavulu Naidu (2019) studied plaque purification and characterization of
BTV-24 in sheep and raised hyperimmune serum against BTV serotype 24 in sheep.
In this study, BTV-24 was adapted and plaque purified in the Vero cell line. After
plaque purification, 1 mL of 10%*° TCIDs, of BTV-24 Virus was inoculated to sheep
via intradermal route and subcutaneous routes on 0™ day and 15" day with the same
dose. Sheep had developed pyrexia of 105.4°F on 6 dpi, which persisted for 4 days
along with nasal discharges developed on 12 dpi. Both animals developed a humoral
immune response on the 7" day of post-inoculation, which was observed to maintain
till the end of the experiment (28 dpi).

Bumbarov et al. (2020) carried out animal experimental studies of BTV
serotype-28 in sheep (6 months old ewe). Sheep were injected with Vero-cultured
BTV-28 with an infectious titre of 10°% TCIDso/50 pL given at different sites
subcutaneously, intradermal and intravenously of 2 mL viral suspension. After 4-6
days post-injection (dpi), infected groups showed an elevation of the body
temperature (39.5-41.5°C), lasting for 2-8 days, after which the temperature
decreased to the normal range. Mild to medium clinical signs were seen such as
conjunctivitis, nasal discharge, coronitis, and mild tongue cyanosis, clinical signs

lasted from 2 to 16 dpi, after which the animals recovered.
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CHAPTER-III
MATERIALS AND METHODS

3.1 GENERAL LABORATORY MATERIALS
3.1.1 Glassware
Glassware manufactured by Borosil and Schott Duran was used in the present

study.

3.1.2 Plasticware

Plasticware of different suppliers i.e., Tissue culture flasks T75 (75cm?), T25
(25 cm?) used in cell culture study were obtained from ‘TPP’. Disposable pipettes (2
mL, 5 mL, 10 mL) obtained from ‘Corning’ were used. ‘Axygen’ and ‘Tarsons' brand
centrifuge tubes (15 mL, 50 mL), microfuge tubes (2 mL, 1.5 mL), PCR tubes (0.2
mL), and micropipette tips (1 mL, 200 pL, 10 uL) were used in the study.
MicroAmp® Fast 96-Well Reaction Plate (0.1 mL) (Part No0.4346907) from ‘Applied
Biosystems’” and TM ThermalSeal RT (TSRT2100) from 'Excel Scientific' were used

in the molecular study.

3.1.3 Chemicals and Reagents

Chemicals used for cell culture work in the present experiment were of
‘AnalaR’ or ‘ExcelaR’ grade from Gibco, HiMedia, Qualigens, Sisco Research
Laboratories (Mumbai, India) and Sigma Aldrich (St. Louis, USA). All solutions and
buffers were prepared by using molecular-grade reagents. The reagents and labware
were availed from suppliers including Merck (Mumbai), Qualigens, Sigma Aldrich
(Hyderabad) and Fischer Scientific. Chemicals used for molecular work in the present
study were of molecular grade from TaKaRa, HiMedia, New England BioLabs,

Sigma (USA) and Life Technologies.
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3.2 STERILIZATION OF LABWARE
3.2.1 Glassware

Glassware was soaked in neutral detergent (Labolene) for one hour and
scrubbed. Washed them three times in tap water or till all traces of detergent were
removed. Finally, they were rinsed with double-distilled water and kept inverted for
air drying. Dried glassware was packed and sterilized in a hot air oven at 160°C for 1h

30 min.

3.2.2 Plasticware

Plasticware (like filter assembly, screw caps) was soaked in lukewarm water
with added detergent for 30 min and rinsed thoroughly in tap water followed by
double-distilled water. The washed material was inverted for air drying on blotting
paper. Screw caps were wrapped initially with aluminium foil and then with brown
paper for sterilization. Filter assemblies were loosely tightened by placing a 0.22 pm
membrane filter (Catalogue No. GVWP04700; M/s. Millipore) and packed in brown
paper. Packed filter assembly, screw caps, micropipette tips, microfuge tubes and

PCR tubes were sterilized by autoclaving at 121°C/15 psi for 15 min.

3.2.3 Aqueous Solutions
Double-distilled water was used for the preparation of all aqueous solutions.
Wherever necessary, solutions were sterilized by autoclaving at 121°C/15 psi/15 min

or by membrane filtration using a 0.22 um membrane filter.
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3.2.4 Liquid Material
Liquid materials like cell culture media and trypsin were sterilized by filtration

through 0.22 p membrane filters.

3.3 PREPARATION OF ESSENTIALS
3.3.1 Media

A sachet content of minimum essential media powder (GIBCO, Cat No.
41500-067) was dissolved in 1000 ml of autoclaved millipore water in a conical flask
gradually with constant mixing. After all the constituents were dissolved completely,
2.2 gm of NaHCO3; was added (as per manufacturer). To that 100 IU/mL of Benzyl
Penicillin, 100 pg/mL of Streptomycin sulphate, 5 pg/mL of Ciprofloxcin and 2
pg/mL of Amphotericin B were added. Medium was filtered through 0.22 pm
membrane filter using filter assembly. Then the media was inoculated onto BHI agar
and SDA agar plates to check for any bacterial or fungal contamination. Plates were
sealed with paraffin film and kept in an incubator at 37°C for one week. After sterility
check, the prepared media was properly sealed and stored at 4°C and brought to room

temperature before use.

3.3.2 Phosphate Buffer Saline (PBS)

For preparation of PBS, 8 g of NaCl, 0.2 g of KCI, 2.44 g of Na,HPQO,, 0.24 g
of KH,PO, were added in a glass bottle to make the volume up to 1000 ml to give a
final concentration of 1X. The pH of the solution was adjusted to 7.2 and finally, this

solution was sterilized by autoclaving.
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3.3.3 Trypsin Versene Glucose (0.2%0)

Trypsin from porcine pancreas (T4799-10G; Sigma-Aldrich) powder of 0.2 g,
0.2 g of EDTA, 0.05 g of glucose, and 0.03 g of NaHCO3; were added in a sterile glass
bottle containing 100 mL of 1X PBS. It was stirred overnight in a refrigerator for
proper mixing into a uniform solution. The next day, the prepared solution was

sterilized by filtering through a 0.22 pm membrane filter and stored at 4°C.

3.3.4 Freezing Medium

The freezing medium was prepared by adding 10% cryoprotectant
Dimethylsulphoxide (DMSO) (042982; SRL) and 20% FBS in DMEM. This solution
was mixed with gentle swirling. The prepared solution was sterilized by filtering

through a 0.22 um syringe filter.

3.3.510% Formalin
Ten mL of 37% (w/v) formaldehyde solution (Qualigens) was dissolved in 90

ml of deionized water to give a final concentration of 10% formalin.

3.3.6 1% Crystal Violet Solution

1 g of crystal violet powder was dissolved in 100 ml of 70% methanol.

3.3.7 Trypan Blue (0.4%)
For preparing Trypan blue (0.4%), 0.2 g of Trypan blue was dissolved in 50 ml
of PBS (pH - 7.2) and stored at room temperature. This was used to count viable cells

before seeding.
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3.3.8 Sea Plaque Agarose
2.4 gm of Sea plaque agarose powder (Cambrex BioScience, Cat. N0.50100)
was dissolved in 50 ml of millipore water and sterilized by autoclaving at 121°C,

151b/20 minutes, and then stored at room temperature.

3.4 CELL LINES

Vero cell lines were obtained from ELLA Foundation, Shameerpet, Hyderabad,
and maintained at the Department of Animal Biotechnology, C.V.Sc., Rajendranagar.
3.4.1 Cryopreservation of Cells
3.4.1.1 Freezing of Cells: The cell layer at the late log phase of growth was processed
by decanting the spent medium and washing the monolayer with 2 mL of 1X PBS
gently. After decanting PBS, 1 mL of 0.2% trypsin was added ensuring that the
monolayer is completely covered. All but a few drops of the trypsin were removed
gently by tilting the flask. Then the flask was incubated at 37°C until the cells round
up. Two mL of growth medium was added immediately and the cells were dispersed
by repeated pipetting. Cell count was carried out by trypan blue exclusion assay. Then
cell pellet was obtained by centrifugation at 2000 rpm/2 min.

Cells at the concentration of 2 X 10° cells /mL were suspended in the Freezing
medium and aliquoted into cryovials. Then the sealed vials were placed in a pre-
cooled freezing container containing Isopropanol and allowed to freeze at the rate of
1°C/min by placing at -70°C for 3 h. Then the vials were immediately transferred into

a liquid nitrogen container (-196°C).
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3.4.1.2 Thawing of Cryopreserved Cells: A vial containing cryopreserved cells was
immediately transferred from a liquid nitrogen container to a water bath at 40°C for 5
min allowing rapid thawing. Then cell pellet was obtained by centrifugation at 3000
rpm/10 min. The freezing medium was discarded and cells were washed with a plain
medium at 3000 rpm/10 min. Fresh growth medium was added to the obtained cell
pellet. Then based on the cell viability count by trypan blue assay, seeding of cell

culture flask was done.

3.4.2 Maintenance of Cell Lines

3.4.2.1 Subculturing of VERO Cell Line: Vero cells were maintained in a tissue
culture flask with growth medium (GIBCO™ Minimum Essential Medium,
LOT.No0.1708583) with 5% Fetal bovine serum (HiMedia LOT.No. 0000172798).
After the formation of a healthy 80-90% confluent monolayer, the growth medium
was decanted completely and washed with 1X PBS to remove any dead cells present
and ensure that serum is not present as it contains trypsin inhibitors. After washing,
0.2% pre-warmed trypsin (37°C) was added to the cell monolayer and incubated at
37°C for 3-5 min allowing cells to detach. Then, 2 ml of growth medium with 5%
fetal bovine serum was added to the flask to inhibit the action of trypsin, and
splashing with gentle pipetting was done until there was a uniform distribution of the
cells without any clumps. Later the cells were distributed into a T25 flask with a split
ratio of 1:2 and a sufficient amount of growth medium was added i.e., around 5-7 ml
so that the whole cell surface of the flask is covered with the medium. All the flasks
were incubated in a CO; incubator at 37°C with 5% CO, and cells were observed for
every 24 h to check for confluent monolayer. Cell count was carried under an inverted

microscope using a hemocytometer by trypan blue exclusion assay.
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3.4.2.2 Cell Count-Trypan Blue Exclusion Assay: The cell suspension was mixed
thoroughly to take 50 uL of a sample. This cell sample was added to 450 pL of 0.4 %
trypan blue solution and mixed gently. Neubauer chamber with glass cover was
placed on the microscope stage. Then 20 pL of the mixture was loaded into the
chamber of the hemocytometer slide, by capillary action. Live cells were counted by
10X objective, in the central 1mm?2 area of the grid. The cell concentration was
calculated using the formula given below.

¢ =n x 10* x dilution factor

Dilution factor = 10

¢ - Cell concentration (cells /mL)

n — Number of cells in the area

3.4.2.3 Cell Seeding: Cells were seeded at the concentration of 2x10* cells per mL
into tissue culture flasks (T25) and incubated at 37°C in a 5% CO2 incubator until a

complete monolayer was formed.

3.5 ADAPTATION OF BTV-23 TO VERO CELL LINE

BHK-21 cell line adapted BTV-23 serotype was passaged 4 times in Vero cells
to show cytopathic effect (CPE) within ideal time. At 80-90% confluence of the
monolayer in a tissue culture flask, the growth medium was discarded and washed
with 1XPBS. Then, 2 mL of 1% MEM with FBS was added along with 50 uL of
stock virus and incubated at 37°C in a 5% CO; incubator. After 1h adsorption, 4 mL
of 1% MEM with FBS was added and kept in a CO, incubator along with a control
flask in which only maintenance medium was added without virus. Thus infected

flasks were subjected to microscopic examination every 18-24 h. The infected flask
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was compared with the control flask for CPE in Vero cells which was characterized
by vacuole formation, rounding, and clumping of cells and eventually thinning of the

monolayer.

3.6 PLAQUE PURIFICATION OF BTV

6-well tissue culture plates were used for plaque purification in which each well
was seeded with 1X10° Vero cells in a 10% growth medium and incubated at 5% CO,
level at 37°C. BTV-23 was serially diluted 10™ from 107 in plain medium, in six
wells, a monolayer of five wells was infected with 1ml of different virus dilution
starting from 107 to 107 and 6™ well was kept as cell control. This plate was kept in
an incubator with 5% CO; at 37°C for 1h. Involving swaying for every 10-15 minutes
to ensure virus adsorption. During this incubation time, already prepared 2.4% sea
plague agarose was liquefied in the microwave and maintained at 42°C in the water
bath. After incubation, the inoculum was drained off completely with the help of a 1
mL micropipette to remove unadsorbed virus without disturbing the monolayer and
immediately overlayed with 10 mL of 2X MEM with 3.5% FBS; 2.4 % sea plaque
agarose mixture in a 1:1 ratio. This draining off and overlaying was carried out for
one well for each time instead of discarding all wells at a time to counter drying of
monolayer as overlaying was done slowly.

Finally, overlayed plates were allowed to solidify and then transferred to an
incubator. The plates were observed daily for plaque formation. Plaques that are more
distinct and isolated from others were collected with the help of a micropipette in 200
ulL of 10% MEM. 5 plaques per plate were collected and infected to Vero cells in a

12-well plate for virus propagation.
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3.6.1 Confirmation and Selection of the Plaques

Vero cells were seeded in 12 well tissue culture plates at a concentration of
2x10° cells per ml. 2ml of the cell suspension was added per well and incubated at
37°C in a CO; incubator at 5% CO,. The monolayer in each well was infected with
200 pL 10% MEM in which plaque was dissolved. To each well 1.5 mL of 1%
growth medium was added and incubated at 37°C in a CO, incubator at 5% CO,.
Plates were observed under an inverted microscope at 18-24 h intervals and resultant
cell culture fluid showing CPE was collected and used in the next round of plaque
purification. The same procedure was carried out another two times. For each
successive purification, the previous round plaque which was more independent from

others was selected.

3.6.2 Molecular Confirmation of Plaque Purified Virus

After plaque purifying the putative virus three times, one plaque was infected to
T25 tissue culture flask to get sufficient amount of cell culture fluid for molecular
confirmation and to calculate TCIDs titre to inoculate selected animals to raise

hyperimmune serum (HIS) against this serotype.

3.6.2.1 Freeze Thawing of Cell Culture Fluid: At 90% CPE in a T25 flask, cell
culture fluid was freeze-thawed three Times. Freeze-thaw involved rapid freezing of

cell culture fluid at -70°C for 20 min. and rapid thawing to 37°C in the water bath.

3.6.2.2 RNA Isolation: Bluetongue virus genome i.e., double-stranded RNA virus
(ds-RNA) was extracted from the cell culture fluid by Acid Phenol method using

TRIZOLF reagent.
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1. 15 mL of infected Vero cell culture supernatant was centrifuged at 4000 rpm for 10
min to obtain a pellet.

2. To the pellet, 750 L of TRIZOL® was added.

3. The mixture was vortexed for 1 min for proper mixing and incubated at room
temperature for 5 min.

4. To the sample, 250 pL of chloroform was added, mixed, and incubated at 4°C for
10 min.

5. The mixture was centrifuged at 13200 rpm for 20 min at 4°C.

6. Aqueous phase was collected carefully and transferred to another RNase-free
1.5mL eppendorf tube without touching the protein layer.

7. Equal amount of ice-cold isopropyl alcohol was added to the collected aqueous
phase.

8. This mixture was incubated at -20°C overnight.

9. The following day this mixture was centrifuged at 13200 rpm for 20 min at 4°C

10. Supernatant was discarded leaving the small pellet.

11. Iml of 70% ethanol was added to the pellet and centrifuged at 13200 rpm for 10
min at 4°C.

12. Supernatant was discarded and the pellet was air-dried.

13. The pellet was dissolved in 30 pL of nuclease-free water and stored at -20°C.

3.6.2.3 Agarose Gel Electrophoresis of ds-RNA: Gel electrophoresis was carried
out for confirmation of the segmented ds-RNA pattern of the virus.
1. One g of Agarose (MB002-500G; HiMedia) powder was dissolved in 100 mL 1X

TAE buffer and heated in a microwave oven till melted completely.
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2. After letting it cool down to 50°C, Ethidium Bromide (EtBr) (E8751-10G; Sigma-
Aldrich) was added to a final concentration of 0.5 pg/mL. The content was swirled
gently to mix the reagents.

3. The molten agarose was poured into a casting tray and after positioning the
required comb; it was allowed to solidify for at least 20 min.

4. The comb was removed gently and the gel tray was positioned in the
electrophoresis tank and buffer was added so that the gel was just submerged within
the buffer.

5. Five pL of each RNA sample with 1 pL of Gel Loading Dye, Purple (6X), no SDS
(Cat.N0.B7025S; New England BioLabs) and 1Kb DNA ladder (Cat.No.N3232L;
New England BioLabs) were loaded in wells.

6. Electrophoresis was carried out at 75 volts for 1h and 30 min.

7. The gel was transferred to gel documentation system (Gene flash, Syngene
bioimaging) having UV trans-illuminator and observed under medium wavelength for
the desired bands.

8. The expected size of viral dSRNA genome segments was estimated by comparison

with that of a standard DNA marker.

3.6.2.4 Reverse Transcription-Polymerase Chain Reaction (RT-PCR): RT-PCR
was done in two steps. First cDNA synthesis was carried out and the synthesized

cDNA was used for PCR.

3.6.2.4.1 Reverse Transcription: The reaction was carried out using PrimeScript™
1% strand cDNA Synthesis kit (Cat N0.6110A; TaKaRa). A 20 uL of RNA of each

sample was converted to 40 uL of cDNA, in the following steps.
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1) The reagents were allowed to thaw completely. Then were mixed gently and spun
briefly.
2) The following mixture was prepared in a microfuge tube. The master mix was

prepared by scaling up based on the volumes listed below to the desired number of

reactions.
Reagents Volume
Random hexamers 2 uL
dNTP Mixture 2 uL
Template RNA 20 uL
RNase free dH,0 6 ul
Total 30 uL

3) This Template RNA-Primer Mixture was incubated for 5 min at 65°C and then
snap cooled on ice.
4) The following reaction mixture was prepared.

Reagents Volume

Template RNA-Primer Mixture 30 puL

5X PrimeScripit Buffer 8 uL
RNase Inhibitor 1 uL
PrimeScript RTase 1pl
Total 40 uL

5) This reaction mixture was added into the processed template RNA-Primer Mixture
by mixing gently and then incubated at the following conditions in a thermal cycler

(Prima-Duo, HiMedia).
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25°C 10 min

42°C 60 min

70°C 10 min ( for enzyme inactivation )
4°C 0

3.6.2.4.2 Polymerase Chain Reaction (PCR): The polymerase chain reaction was
carried out using EmeraldAmp® GT PCR Master Mix (RR310A; TaKaRa) with a set
of forward and reverse primers, which amplify a 98 bp region in the NS3 gene
segment (Table 3.1). The primers were obtained in lyophilized form and were
reconstituted with nuclease-free water to obtain 100 pmol/uL stocks. Stocks were
made into a 10 pmol/puL working solution and used for PCR.

Table 3.1 NS3 gene-specific primers (Hoffmann et al., 2008)

Primer code Primer sequence (5 -3)
Segl0_F TTGGAYAAAGCRATGTCAAA
Segl0 R ACRTCATCACGAAACGCTTC

R=A/G and Y=C/T
1) The reagents were allowed to thaw completely, mixed gently, and spun briefly. The
PCR master mix was prepared by scaling up based on the volumes listed below to the
desired number of PCR reactions.
2) Using the cDNA synthesized, the PCR mixture was prepared as follows.
Reagent Volume
EmeraldAmp GT PCR Master Mix  6.25 uL
(2X Premix)
cDNA 2uL

Forward Primer (10 uM) 0.5 uL
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Reverse Primer (10 pM) 0.5 uL
dH,O (Sterile distilled water) 3.25 ulL
Total 12.5 uL

3) The above-mentioned contents were transferred to a 0.2 mL tube on ice. The PCR
mixture was mixed thoroughly by using the pipette and was spun briefly.

4) The tube was placed in a thermal cycler and the following cycling conditions were

followed.
Initial denaturation 98°C/3 min
Denaturation 98°C/10 sec
Annealing 55°C/30 sec 35 cycles
Extension 72°C/15 sec
Final extension 72°C/5 min
Hold 4°C/oo

5) Then gel electrophoresis was carried out and the specificity of the RT-PCR product
was confirmed by comparison of migration distances with 100 bp DNA ladder
(Cat.N0.N3231S; New England BioLabs), along with positive template control and no

template control (NTC), using gel documentation system.

3.6.2.5 Quantitative RT-PCR / Real-time RT-PCR: The real-time polymerase
chain reaction was carried out using Power SYBR® Green PCR Master Mix (Cat.
N0.4367659; Applied Biosystems) with serotype-specific primer set obtained in
lyophilized form Bioserve (Table 3.3), in StepOnePlus Real-time PCR system
(instrument) from Applied Biosystems. Primers were reconstituted with nuclease-free
water to obtain 200 pmol/uL stocks. Stocks were made into a 10 pmol/uL. working

solution and used for PCR.
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Power SYBR® Green PCR Master Mix (2X concentration) contains SYBR®
Green | Dye, AmpliTaqg Gold®DNA Polymerase, dNTPs, Passive reference, and
Optimized buffer components. The SYBR Green dye binds to double-stranded (ds)
DNA, thus providing a fluorescent signal that reflects the amount of ds-DNA product

generated during PCR (Fig 3.1).

ST TSI T S TYNTTITITIT ¢ T D
R H
extension

TR R

Fig 3.1: SYBR Green dye based qPCR detection
1) The Power SYBR® Green PCR Master Mix and the working solution of the primer
set were allowed to thaw completely. Then mixed gently and spun briefly.
2) PCR master mix was prepared by scaling the volumes listed below to the desired
number of PCR reactions.
Reaction Component Volume

Power SYBR® Green PCR Master Mix (2X) 5uL

Forward primer (10 uM) 0.5 uL
Reverse primer (10 pM) 0.5 uL
cDNA 1 uL

Nuclease-free water 3uL
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Total 10 uL
3) The PCR mixture was mixed gently and spun briefly.
4) Then PCR reaction plate was prepared by distributing 9 pL. of PCR mixture into
each well of MicroAmp® Fast 96-Well Reaction Plate, to that 1 puL of a template
(cDNA) was added, according to template sheet including no template control.
5) The loaded reaction plate was sealed with ThermalSeal RTTM sealing foil and was
centrifuged for 2 min at 1500xg by placing the multiwell plate in a standard swing
bucket centrifuge containing a rotor with a suitable adaptor for multiwell plate and
balancing it with a suitable counterweight (eg: another multiwell plate).
6) The Multiwell Plate was transferred into the plate holder of the StepOnePlus Real-
time PCR system Thermal Cycling block. Then the programmed plate document was
run according to the following cycling conditions for amplification and melt curve
generation (Table 3.2).

Table 3.2 PCR conditions followed in Real-time PCR

Enzyme PCR Melt Curve Stage
Activation
Hold Cycles (40 cycles)

Denaturation Annealing/Extension
10 min 15 Sec 1 min 15sec | 1min | 15sec
950C 95°C 60°C 95°C 60°C | 95°C
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Table 3.3 Sequence of primers used for molecular typing (Maan et al., 2016)

Oligo Name Oligo Sequence (5'-3")
BTV-1F (E) GCYAAATTRCGAATCAARCATRGYG
BTV-1R (E) GTTARCCTCTGCAAYACAATAGG
BTV-2F(E) GAGCATTTGTTGAAARGTTATG
BTV-2R(E) GATATCRAAYGCGTACATYTCTG
BTV-4F(W) GAACACGAAGATATCGCAG
BTV-4R(W) GCATARAGAAGCTARATGTATCTTCA
BTV-5F(W) GCTTCTCAGGATGGATGAG
BTV-5R(W) CARRTCRAYCTTAAYRTCRTAYC
BTV-9F(E) GTATGATACCAGGCCAGCG
BTV-9R(E) GTTCATTTTGAGGATCATCCA
BTV-10F(W) TATTRACWACWGAACCAAACCT
BTV-10R(W) GYGARTTRATCCRTTTGTCAT
BTV-12F(W) ATACAATTCAGGCTATCCRGA
BTV-12R(W) CAATGATYGTTCCTCGTAAGC
BTV-16F(E) GACCTGAATATAAACCGCGAG
BTV-16R(E) ATTAATCAATTCGTACTCCCAGTG
BTV-21F(E) GCCAGATTAAAGATAACGCA
BTV-21R(E) GTAAATCGATAGGGTCCG
BTV-23F(E) GCGGARYTGTTAGATGGCTATG
BTV-23R(E) GGAATTTGWGYRACRTCATGACG
BTV-24F(W) GAACTAYGAGAAGCTTAYR
BTV-24R(W) GCGAAAARTCYYTCATATCTA

R=A/G and Y=C/T
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3.6.2.6. Conventional PCR Setup:
Polymerase chain reaction (PCR) for plaque purified virus was carried out
with primers (IDT-DNA) specific for available bluetongue virus serotypes (BTV-1, 2,
4,5, 9, 10, 12, 16, 21, 23, and 24) and their 5'-3'sequences were mentioned (Table
3.4). Each PCR reaction (using Emerold’s kit) final concentration was prepared for
12.5 pl as given below.
Reaction Component Volume

EmeraldAmp GT PCR Master Mix (2X Premix) 6.25 uL

Forward primer (10 uM) 0.5 uL
Reverse primer (10 uM) 0.5 uL
cDNA 2ul
Nuclease-free water 3.25uL
Total 12.5 uL
Table 3.4 Segment 2 specific Primers sequence (5 -3") used for PCR
Oligo Name Oligo Sequence (5'-3")
BTV-1EF TGT CGA GCC GAT TGA AGA TCC GTC
BTV-1ER ATCGTCATTCCGTCGTTG TGC G
BTV 2EF TAC GCA CCT CGT GAG AGA GA
BTV 2ER GTT GGA GGA ACC AACTTCCA
BTV 4P2F GTT GGA TCT GAG AAATGG GT
BTV 4P2R AAG ACA CGG ATA AGG ATT CG
BTV5F GTCAAACACTGTCACCACGC
BTV5R TTGCGAAGAGCTTGCCCATA
BTV 9EF GAT GGA ACG GCT AAA CCA AA
BTV 9ER TGG ATATTT GAC ACG AGC GA
BTV 10F TGT ATC GTT AAG GCG AGG TCA GCA
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Table 3.4(Cont.).
BTV 10R TGT CTT CTA ACG GCC TCT CACG
BTV 12F TTT AGG TGA CCA TGT GGA GAC G
BTV 12R CAA CGC ACT TTC GCA AAA CC
BTV 16EF TCG AGG AAA GCG GAT ACCACGT
BTV 16ER CGT TGC GCT AACTCGACT TCGC
BTV 21F GCA GAT TCG TAC AAC CAA CGG CC
BTV 21R TTG GGATTT GCG AGGCGC GA
BTV 23F GCG TTG CGA TGG ATG AGT TAG CA
BTV 23R GGT GGT CATCTCTTC ATCTTC GGG G
BTV 24P3F GTT TCATGA ATT TGA AGG ACG
BTV 24P3R ACCTTG TGA AAT CTT AGT YTT TG

(Reddy et al., 2016)

Table 3.5 PCR conditions followed in thermo cycler:

For BTV-1,2,4,5,9,10,12,21,23,24 | For BTV-16

1.Initial denaturation -98°C/3 min | 94°C/3 min

2.Denaturation -98°C /10 sec 94°C/30 sec

3.Annealing -55°C/30 sec 50°C/30 sec

4.Extension-72°C/1 min 30 sec 72°C/1 min

5.Final extension-72°C/5 min 72°C/10 min
Hold at — 4°C 4°C
No of cycles (for 2,3,4)-35 35

PCR thermo cycler was set to hold at 4°C after completion of reaction.
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3.7 TITRATION OF THE VIRUS

After confirmation by PCR, the virus titre was calculated to know the TCIDsg
after plaque purification. Titre of putative BTV-23 serotype was determined in terms
of tissue culture infective dose 50 (TCIDsp) in 96 well tissue culture plates. Cells were
seeded at the rate of 1x10* per well in MEM with 5% FBS and incubated in a CO
incubator at 37°C. At 80-90% confluence, cells were infected with 100 uL of 10 to
10°® serially diluted virus in 1% growth medium, each dilution in a separate row in
replicates of eight along with two cell control rows and incubated in a CO; incubator
(Table 3.6). Plates were observed at 12-18 h intervals for characteristic CPE under an
inverted microscope and final readings were taken on the 5™ day of infection. Virus
titre was calculated according to Reed and Munch's method (1938). Different
dilutions were taken as shown below.

Table 3.6 Infection of 96-well plate for TCIDs
cclcc |10t J10? 10" [10% 120! J20? |10t 10T [cCc |ccC

cclcc [10° [107% [107% |10° [10° [107% |107% |10° |[cCc |ccC

cclcc [10° [10° [10° |10° [10° [10° |10° |10° [cCc |ccC

cclcc [10* [10® [10* |10* [10* [10* |10* 10" [CcC |cC

cclcc [10° |10° [10° [10° |10° |10®° [10™ |10° |CC |cCC

cclcc [10° |10° [20° [10®° |10° |10° [20° [10®° |CC |cCC

cclcc [107 |10 [2107 207 |10 |10 [207 107 |CcC |ccC

cclcc [10® |[10® [210®° [10® |10® |10® [20® [10® |CC |cCC

CC: Cell control
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3.7.1 Protocol for Crystal Violet Staining

After titration of virus in 96 well tissue culture plates, wells were stained with
crystal violet stain.
1. The medium was discarded from the plate and the cells were washed with 1X PBS
(200 pL/well).
2. The cells were fixed in 10% formaldehyde (200 uL/well) and incubated for one
hour at room temperature.
3. Formaldehyde was discarded and the plate was washed twice with 1X PBS.
4. Crystal violet (1%) solution (200 uL/well) was added and kept on a shaker for 1 h.
Crystal violet solution was discarded and the cells were washed thrice with 1X PBS

and dried at room temperature.

3.8 ANIMAL INOCULATION

Plaque purified virus was given to sheep to raise hyperimmune serum (HIS).
3.8.1 Selection of Animals

For antibody production, BTV seronegative sheep were selected based on
competitive enzyme-linked immune sorbent assay (c-ELISA) results. For this test,
blood samples from each sheep were collected separately in serum vacutainers and
kept at 4°C. Serum was separated by centrifuging the blood at 4000 rpm, 4°C for 15
min, and the serum was aliquoted and stored at -20°C.

c-ELISA was done using the bluetongue antibody test kit supplied by the M/s
Veterinary Diagnostic Technology, Inc., USA, according to the kit protocol (Afshar et

al., 1989).
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Procedure

1. Diluting and washing buffers were prepared in 1X concentration in deionized
water.

2. Control and test serum were prepared by diluting them at 1: 5 in dilution buffer.

3. Precoated plates were washed with wash buffer twice.

4. 50 puL of test and negative, weakly positive, strong positive controls were added to
wells.

5. After adding test and control sera, immediately 50 pl of the diluted (1:100)
monoclonal antibody was added to each well.

6. The plates were incubated at room temperature for two hours covered with a lid.

7. Just before the incubation period ends, 1: 300 dilution of the conjugate was
prepared in a 1X diluting buffer.

8. At the end of the incubation period, the reactants were discarded from the wells and
washed with wash buffer thrice.

9. Diluted conjugate (100 pL) was added to each well and incubated at room
temperature for one hour.

10. Buffer substrate solution was prepared by dissolving the contents of the buffer
substrate capsule in 100 mL of deionized water.

11. In the OPD buffer substrate solution, the wells were washed 5 times with washing
buffer. Two mg of OPD (1 mg/2.5 mL) tablet is dissolved in 5 mL buffer substrate
solution after preparing.

12. Now 100 pL of substrate OPD solution was added to all wells and the plate was
incubated for 10 min in dark.

13. After 10 min, 50 pL of stop reagent (3N sulfuric acid) was quickly added to all the

wells and OD values for each well were taken at 490 nm wavelength using an ELISA
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microplate reader. The percent inhibition (PI) of binding of the monoclonal antibody
by a test serum was calculated by the formula. Sera showing less than 50% inhibition
were considered seronegative whereas the sera showing >50% inhibition was

considered as seropositive.

3.8.2 Housing of Experimental Animals

Three BTV seronegative Deccani sheep (6-8months) were selected for use in
the present study and were shifted to the insect-proof experimental animal house at
the College of Veterinary Science, Rajendranagar, Hyderabad. All the animals were
dewormed and held for one week before the start of the experiment for
acclimatization. Animals were provided with feed, fodder and water ad libitum

throughout the study for 2 months.

3.8.3 Dose and Route of Inoculum

After deworming and acclimatization, 2 mL of 10**/100 puL TCIDs, plaque
purified confirmed BTV-23 virus was inoculated to sheep by two routes i.e., 1 mL via
intradermal; 1 mL via subcutaneous routes at the shoulder region. For the control
animal, 1 mL of plain MEM was given to compare results. Before inoculation animals
were examined for their general health status i.e., temperature and physical
appearance. The selected site for infection was shaved and sterilized with 70%
ethanol. On the 15" day of infection, one more injection of the same dose was given
to both animals. From the day of inoculation, animals were examined regularly for
mild clinical signs. Temperatures were recorded twice daily and serum samples were
collected in sterile serum vacutainers (BD Vacutainer® Ref.365152) on 0, 7, 15 and

28 days post-inoculation (dpi).
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3.9 CROSS-NEUTRALIZATION STUDIES

Serum neutralization study was carried out with BTV-23 using HIS at different
dilutions (1/20, 1/40, 1/80, 1/160, 1/320, 1/640 and 1280) and cross-neutralization
studies with available plaque purified types (BTV-1, 2, 4, 5, 9, 10, 12, 16, 21, 23 and
24).
3.9.1 TCIDs Calculation

TCIDsy was calculated for BTV-23 after plaque purification used in
homologous serum neutralization tests and for cross-neutralization studies, TCIDs
was calculated for available types (BTV-1, 2, 4, 5, 9, 10, 12, 16, 21, 23 and 24).
3.9.2 Neutralization Studies

96-well plates were seeded with Vero cells at the concentration of 1x10* cells
per well in 5% MEM and incubated at 37°C with 5% CO,. On the second day, after
observing monolayer in 96-well plate, serum raised against BTV-23 was serially
diluted (1/10, 1/20, 1/40, 1/80, 1/160, 1/320, 1/640 and 1/1280) and 50 uL each of the
diluted serum was incubated with equal quantity of 100 TCIDs/50 uL virus in the
deep well plate for 1 h at 37°C. A hundred pL of this mix was used to infect each well
in quadruplicate. Plates were observed under an inverted microscope at 12 h interval

for CPE and the final titer was taken on day five.
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CHAPTER IV
RESULTS

4.1 MAINTENANCE OF CELL LINE

Within 24-48 h of seeding, under optimum conditions (5% CO, at 37°C) tissue
culture flasks showed about 90% of confluence (Fig 4.1a). Change in medium color to
yellow was the indication for the exhaustion of medium and acidic pH. In such
conditions, the medium was replaced with a maintenance medium containing 1% FBS
to maintain a fully grown monolayer. These cell culture flasks were used for infection

purposes.

4.2 ADAPTATION OF BLUETONGUE VIRUS SEROTYPE-23 TO VERO
CELL LINE

Stock virus grown in BHK-21 cells was adapted to the Vero cell line by serially
passaging four times to observe the CPE between 36-48 h.

In the first two passages, the CPE was seen by the 4" day of infection and
complete CPE was observed by 6-7 days. In the next two passages, CPE was observed
between 36-48 h as rounding. Clumping of dead cells and complete peeling off of
monolayer (Fig 4.1b) was observed within 72 h of infection while the control flask

didn‘t show any CPE (Fig 4.1a).
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Fig 4.1a " Fig 4.1b
Fig 4.1 VERO CELL MONOLAYER. Fig 4.1a uninfected (10X) confluent layer;
Fig 4.1b Infected with BTV-23 (10X) Rounding and clumping of cells 4dpi.
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4.3 PLAQUE PURIFICATION OF BTV

Sea plaque agarose overlayed on a monolayer of 6-well plate solidified within
30-45 min which was then returned to the incubator.

On regular microscopic observation, plagues were identified from the 4™ day of
infection as CPE but restricted to areas showing dead cells scattering light surrounded
by a healthy monolayer. Plagues were best identified in low power magnification (Fig
4.2a) and plaques in different sizes; different magnifications are shown (Fig 4.2a. to
4.2d). Plaques of approximately not more than 1mm in diameter were visible to the
naked eye against light source as pale areas in monolayer.

The number of plaques was observed to decrease as dilution of virus increased
which could be observed best at a glance after staining with 1% crystal violet solution
(Fig 4.3a & 4.3b). Among wells infected with 10 to 10 virus dilutions, only 107 to
10 dilutions produced more number of plaques whereas in monolayer infected with
10™ and 10°® dilutions, few plaques are seen. For collection, plagues were marked
under the plate by observing through a microscope and then collected by using a 50
uL micropipette in 200 uL. of MEM with 10% FBS. The infected plate was also
stained with 1% crystal violet solution to observe plaques. Plagues remained as white
spots in the stained monolayer.

The plaques were collected from 6-well plate and infected into 12-well plate
and the CPE was observed within 3 days of infection. Among these, CPE showing
cell culture fluid of respective plaque, particularly which is more isolated from others
in a monolayer of 6-well plate was used for a successive round of plaque purification.
Finally, a selected plaque from the third purification was grown in a T25 flask and the

resultant cell culture fluid was used for molecular confirmation and characterization.
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Fig 4.2a Fig 4.2b

IS

Fig 4.2¢ 7 Fig 4.2d
FIG 42 PLAQUE FORMATION IN VERO CELL MONOLAYER

INFECTED WITH BTV-23 SEROTYPE VIRUS. Fig 4.2a- Image
showing two adjacent plaques surrounded with confluent healthy
monolayer (4X); Fig 4.2b- Plaque at initial stage (10X); Fig 4.2c-
Spreading of plaque (10X); Fig 4.2d- Spreading of plaque (40X).
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-

Fig 4.3b Crystal violet staining of monolayer showing plques (pper view)

FIG 4.3 CRYSTAL VIOLET STAINING OF PLAQUES
Unstained white areas represent plagues whereas stained area represents
confluent monolayer. In the above-stained plate, wells numbered 1 to 5
infected with 10 to 10” dilutions of virus respectively, and well no. 6 was
kept as control i.e., added with plain MEM. Well, no.1 shows more no. of
plagues due to least virus dilution (10°%). Clear plaques were observed in well
no.2 and 3 (10°%and 10).
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4.4 MOLECULAR CONFIRMATION OF PLAQUE VIRUS
4.4.1 Gel Electrophoresis of RNA

Nucleic acid was extracted from BTV infected Vero cell culture fluid from
third-round plaque purification by the Trizol method. The extracted RNA was
subjected to 1% agarose gel electrophoresis and observed for the 10 segmented
(ladder-like) pattern of BTV RNA (Fig 4.4). All isolates were showing a clear

segmented pattern of the ds RNA genome (Fig 4.4).

—> Segment 1

__> Segment 10

Fig 4.4 Agarose gel electrophoresis of plaque purified BTV-23 RNA
Lane 1- 1 kbp ladder; Lane 2 & 3- Segmented dsRNA of BTV 23
genome.

4.4.2 Confirmation of Plaque Purified BTV-23 by Reverse Transcription
Polymerase Chain Reaction (RT-PCR)

Reverse transcription - Polymerase chain reaction was done in two steps.

Reverse transcription (RT) was carried out for plaque purified extracted RNA
showing a segmented pattern of BTV RNA, using random hexamers to synthesize
cDNA from RNA. This cDNA was used further as a template in PCR for group-
specific confirmation of BTV by NS3 gene-specific primers producing amplicon of 98

bp (Fig 4.5).
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Fig 4.5 NS3 group-specific RT-PCR confirming BTV 98bp
Lane 1: positive template control; Lane 2: sample;
Lane M: 100bp DNA ladder; Lane 3: No Template control

4.4.3 Quantitative / Real-time PCR

Confirmation of plaque purified BTV-23 with other serotypes was done by Real
time-PCR. The cDNA which was confirmed with group-specific BTV by NS3 gene-
specific primer was used as a template in RT-PCR against available primers to BTV
serotypes (BTV-1, 2, 4,5, 9, 10, 12, 16, 21, 23 and 24), placed in separate PCR tubes
along with no template control (NTC) for each type. The PCR product was analyzed
based on the C; value. The C; value of the sample detected as strong positive shows
very less C; value and the negative sample shown as undetected by real-time PCR /

was found to be similar to that of NTC indicating the absence of BTV serotype.
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Fig 4.6 Amplification plot showing molecular typing of BTV-23 with all other
available BTV serotypes by Real-time PCR (gPCR). Amplification curve
showing C+ values of typing of BTV with all available primers (BTV-1, 2, 4,
5,9, 10, 12, 16, 21, 23 & 24 primers) placed along with no template control
(NTC). Sample showed low C+ value (positive) with BTV-23 specific primer
(first curve to the left) and amplification with other BTV specific primers
undetermined or similar to NTC (amplification curve to the right).

4.4.4 Conventional PCR

Molecular confirmation of plaque purified BTV-23 with other serotypes was
also done by conventional PCR. The cDNA which was confirmed with group-specific
BTV by NS3 gene-specific primer was used as a template in conventional polymerase
chain reaction against available primers to BTV serotypes (BTV-1, 2, 4, 5, 9, 10, 12,
16, 21, 23 and 24), placed in separate Polymerase chain reaction tube along with
positive control and no template control (NTC) for each type. PCR products were
analyzed by gel electrophoresis. Amplification was observed with primers specific for
BTV-23 only i.e, 1370bp amplicon (Fig 4.7b). No amplification was observed with
remaining serotype-specific primers. Thus the plaque purified virus was confirmed as

BTV-23.
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FIG 4.7 MOLECULAR TYPING OF BTV-23 BY CONVENTIONAL

PCR

Fig 4.7a Gel Electrophoresis of BTV-4, 5, 10, 12 & 24

Lane -1 positive control
for BTV-4:464 bp

Lane-2 Sample cDNA
with BTV-4 primers

Lane-3 Negative control

Lane -4 positive control
for BTV-5:444 bp

Lane-5 Sample cDNA
with BTV-5 primers

Lane-6 Negative control

Lane -7 positive control
for BTV-10:800 bp

Lane-8 Sample cDNA
with BTV-10 primers

Lane-9 Negative control

Lane 10: 100bp ladder

Lane -12 positive control
for BTV-12: 750 bp

Lane-13 Sample cDNA
with BTV-12 primers

Lane-14 Negative control

Lane -15 positive control
for BTV-24: 319 bp

Lane-16 Sample cDNA
with BTV-24 primers

Lane-17 Negative control
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FIG 4.7 MOLECULAR TYPING OF BTV-23 BY CONVENTIONAL PCR
Fig 4.7b Gel Electrophoresis of BTV-1, 2, 9, 16, 21 & 23

Lane -1 positive control Lane-2 Sample cDNA Lane-3 Negative control
for BTV-1:1180 bp with BTV-1 primers

Lane -4 positive control Lane-5 Sample cDNA Lane-6 Negative control
for BTV-2:1167 bp with BTV-2 primers

Lane -7 positive control Lane-8 Sample cDNA Lane-9 Negative control
for BTV-9:1224 bp with BTV-9 primers

Lane 10: 1kbp ladder

Lane -11 positive control Lane-12 Sample cDNA Lane-13 Negative control

for BTV-16: 1196 bp with BTV-16 primers

Lane -14 positive control Lane-15 Sample cDNA Lane-16 Negative control
for BTV-21: 1380 bp with BTV-21 primers

Lane -17 positive control Lane-18 Sample cDNA Lane-19 Negative control

for BTV-23: 1370 bp with BTV-23 primers
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45 TITRATION OF THE VIRUS

After molecular confirmation of plaques, TCIDsg of the virus was calculated as
it was passaged six times in the Vero cell line during three rounds of plaque
purification.

96-well plate was observed regularly at 18-24 h intervals. Cytopathic effect was
observed by the 3™ day in all replicates of lower dilutions (10™ to 10?) and only
started in some replicates of higher dilutions (10%). Cytopathic effect was read 5" dpi.

and details are given in table 4.1 TCIDsy was calculated as per Reed & Muench

(1938).

Table 4.1 TCIDs, calculation of plaque purified BTV-23 serotype.
S.| Virus | No. of CPE CPE Cumulative | Cumulative % of
N | Dilutio | wells | positive | negative positive negative negativ
0 n infect wells wells e

ed

1| 107 8 8 0 29 0 100
2| 107 8 8 0 21 0 100
3| 10° 8 8 0 13 0 100
4| 10" 8 4 4 5 4 55.5
5| 10° 8 1 7 1 11 8.3
6| 10° 8 0 8 0 19 0
7|1 107 8 0 8 0 27 0
8| 10° 8 0 8 0 35 0

The virus titre was calculated as 10*''/100 pL (or) 10>**/mL according to Reed and

Muench's (1938) method.
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The other BTV serotypes (BTV-1, 2, 4,5, 9, 10, 12, 16, 21 and 24) available in
the Department of Biotechnology. These BTV serotypes were passaged two times in
T25 flask, TCIDsy was calculated and used in serum neutralization tests. Titres for
BTV-1, 2,4,5,9, 10, 12, 16, 21, 23 and 24 are given in table 4.2

Table 4.2 TCIDsy titres of available BTV types.

BTV Serotype TCIDs calculation
BTV-1 10°*%/100uL
BTV-2 10°*%/100uL
BTV-4 10™4/100uL
BTV-5 10°°/100pL
BTV-9 10*°/100pL
BTV-10 10*%"/100pL
BTV-12 10>°/100pL
BTV-16 10°#/100uL
BTV-21 10*%/100uL
BTV-23 10***/200pL
BTV-24 10**%/100pL

4.6 ANIMAL INOCULATION
4.6.1 Selection of Animals

Deccani sheep breed (n=36) was screened with c-ELISA for the presence of
BTV-antibodies (Fig 4.8). Among them three seronegative sheep were selected for the
study.
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FIG 4.8 SCREENING OF DECCANI SHEEP FOR SERO-NEGATIVE
ANIMALS BY C-ELISA-Screening of sheep for BTV antibodies and
selection of seronegative sheep. Colored wells indicate no antibodies
against BTV (seronegative), Colorless — antibodies have been detected

On day 0, two animals were infected with BTV-23 serotype (10*** TCIDs, /
100pL i.e., Iml intradermal and 1ml subcutaneous). Another animal was injected with
uninfected plain MEM and was kept as control. Thereafter the booster injection was
given on the 15"day with the same dose. The animals were monitored for 45 days
during which the clinical signs, temperatures, and serological parameters were

studied.

4.6.2 Clinical Signs and Lesions

Sheep developed pyrexia in evening hours at 6 dpi (104.2°F and 104.3°F) which
persisted for 4 days and it exhibited nasal discharges on 10 dpi (Fig 4.9a). The control
animal was found to be asymptomatic (Fig 4.9b) during the entire study period

(101.9°F- 103.2°F).
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Fig 4.9b
Fig 4.9 CLINICAL SYMPTOMS OF BT IN EXPERIMENTAL INOCULATED
SHEEP AND CONTROL ANIMAL. Fig 4.9a Infected sheep showing nasal
discharges; Fig 4.9b Control animal without nasal discharges on the same
day.

4.6.3 Daily Body Temperature

The body temperatures of each animal were recorded every day for 45 days
after the inoculation of the virus. All sheep showed raise in rectal temperatures 6-7
dpi in BTV-23 infection ranging 104.2°F — 104.6°F, whereas the control animals
exhibited no pyrexia. The gradual temperature changes are shown in graphical
presentation for individual animals (Fig 4.10) and peak temperatures of all infected

animals are shown in Table 4.3
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Table 4.3 Peak temperatures of all the animals with respective days of
post-infection

Sheep tag no BTV-23
Dpi | Temperature °F
28 8 104.5
33 7 104.6
29 (control) 5 103.5

105
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Sheep tag no. 28 & 33- infected with BTV-23.
Sheep tag no. 29- control animal (plain media).
FIG 4.10 GRAPH SHOWING DAILY TEMPERATURES OF SHEEP

INFECTED WITH BTYV. It represents the temperature details of the
infected and controlled animal. Infected animals showed pyrexia
between 6-10dpi (103.9°F — 104.6°F). The control animal maintained
normal temperature during the entire study (101.4°F-103.5°F).
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4.7 SERUM NEUTRALIZATION TEST
Serum Neutralization test was carried out in Vero cells to study the presence of
type-specific neutralizing antibodies to BTV-23. The absence of CPE in infected

wells of Vero cells indicates the presence of neutralizing antibodies in the test serum.

4.7.1 Screening of Hyper-Immune Serum for BTV-23 specific Antibodies by SNT

Serum samples were collected from control and infected animal at the 7™ day
and 15™-day interval and SNT was done for confirmation of seroconversion. Animal
tag no. 28 was found to seroconvert on 7" day of inoculation, animal tag no. 33
seroconverted between 7"-15" days of post-inoculation (dpi) while control animals

remained seronegative throughout the duration of study.

A

Fig 4.11 Serum Neutralization Test
Fig 4.11a Serum neutralization test (SNT) panel ‘A’ showing the SNT of

serum collected on 7™ day. Wherein CC-cell control wells; VC-
virus control wells; S1& S2 serum collected from animal infected
with BTV-23 i.e., animal tag no.28 & 33 respectively; SC - serum
from control animal tag no. 29.
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Fig 4.11 Serum Neutralization Test
Fig 4.11b Serum neutralization test (SNT) panel ‘B’ showing the SNT of

serum collected on 15" day. Wherein CC-cell control wells;
VC-virus control wells; S1& S2 serum collected from animal
infected with BTV-23 i.e., animal tag no.28 & 33 respectively;
SC - serum from control animal tag no. 29.

4.7.2 Detection of Antibody Titre of Hyper-Immune sera by SNT

SNT was performed as described in section 3.9 to estimate type-specific
antibody titre in serum of BTV-23 inoculated sheep. The animal developed
neutralizing antibodies by 7™ dpi. The control animal didn’t develop any antibodies.
Neutralizing antibody titres of serum collected from 28" dpi was done using different
dilutions of serum with 100 TCIDs, titre virus, which were estimated against

homologous plaque purified BTV-23 (Fig 4.12) and are given in Table 4.4
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Fig 4.12 Serum neutralization test (SNT) of serum collected on 28™ dpi
done in quadruplicates. Wherein CC- cell control; VC-virus
control; SD- serum dilutions; S1 & S2- serum collected from animal
infected with BTV-23 i.e., animal tag no. 28 & 33 respectively.

Table 4.4 Serum Neutralization titres

Animal tag no. Neutralizing antibody titer 28" dpi

28 320

33 320
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4.8 CROSS-NEUTRALIZATION STUDIES

For cross-neutralization studies, serum of 28" day was tested against all
available plaque purified serotypes (BTV-1, 2, 4, 5, 9, 10, 12, 16, 21, 23 and 24). In
these studies, BTV-23 Hyper Immune Serum (HIS) didn't show any cross-

neutralization with other available plaque purified serotypes (Fig 4.13).

1 2 3 4 5 6 7 88 9 10 11 CC

‘ " . AL )
A CCCCCC ()
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fe [ (¢ 4 B
\ L . \ S - .~ \ - 4
Fig 4.13 Cross Neutralization of BTV-23 HIS with other available
serotypes from the serum collected on the 28™ day, HIS
collected from animal tag no. 28. Wherein CC- cell control; SC-
serum from control animal ; VC-virus control; Wells from 1 to 11
infected with — BTV-1, 2,4, 5,9, 10, 12, 16, 21, 23 & 24 serotypes
respectively.
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Fig 4.14 Cross Neutralization of BTV-23 HIS with other available serotypes
from the serum collected on the 28™ day, HIS collected from animal
tag no. 33. Wherein CC- cell control; SC- serum from control animal ;
VC-virus control; Wells from 1 to 11 infected with — BTV-1, 2,4, 5,9,
10, 12, 16, 21, 23 & 24 serotypes respectively.
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CHAPTER V
DISCUSSION

Bluetongue (BT) is an infectious, non-contagious, haemorrhagic, arthropod
transmitted viral disease of domestic and wild ruminants. Sheep are the most
susceptible species where severe clinical disease is seen. The disease is caused by the
bluetongue virus (BTV), which belongs to the genus Orbivirus of the subfamily
Sedoreovirinae and family Reoviridae and it is transmitted by several species of
Culicoides biting midges.

Bluetongue Virus infection causes severe economic losses. Bluetongue is listed
under the category of multiple species disease by the Office International des
Epizooties (OIE, 2021). Bluetongue is endemic in India; exotic sheep are more
susceptible than indigenous and crossbred sheep (Bayliss et al., 2001). However,
outbreaks do occur in indigenous breeds as seen in Indian local breeds due to the
prevalence of highly virulent strains.

At present 35 serotypes of BTV are recognized worldwide (Ries et al., 2021). In
India, at least 24 serotypes have been recognized based on serology and virus
isolation (Thota et al., 2021). It is controlled mainly by vaccination. Currently, in
India, a pentavalent inactivated vaccine having a serotypes composition of BTV-1, 2,
10, 16 and 23 is available (Reddy et al., 2010). From 2017- 2019 prevalence of BTV-
1, 2, 4,5, 12, 16 and 24 was high (Naresh et al., 2020 and Thota et al., 2021). In
recent times the prevalence of BTV-23 has rarely been detected. Therefore the current
study aimed at cross-neutralization studies of BTV-23 for possible replacement in the
vaccine.

The current research work was on plaque purification and cross-protection

studies of bluetongue virus serotype-23 (BTV-23).
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5.1 PROPAGATION OF BLUETONGUE VIRUS

In the present study, the BTV-23 isolate which was maintained in the BHK-21
cell line previously had been adapted to the Vero cell line. Initially, BTV-23 was
passaged 5 times in Vero cells to obtain a high infective titre and used for plaque
purification. In the first two passages, a distinct cytopathic effect (CPE) appeared 5-6
days after inoculation. In later passages, CPE was observed within 72 h of incubation
which was in agreement with the observations of Krishnajyothi et al. (2016). Srikanth
Reddy (2018) observed complete CPE at 96 h post-infection in the first two passages
and then to 72 h from the third passage. The CPE observed were rounding, clumping
of dead cells and finally detaching from the attached surface, these observations were

in agreement with Sekar et al. (2009).

5.2 PLAQUE PURIFICATION

Bluetongue Virus-23 was plaque purified three times in Vero cells using the
agarose overlaying method. Serial 10-fold dilutions of the stock virus were made from
10 to 107 dilutions infected on to monolayer of each well of the 6-well plate. After 3
days of incubation suspected plaque areas of minute size were noticed which became
more prominent from the 4™ day of infection, which was found similar in agreement
with Srikanth Reddy (2018), Srinivas et al. (2018) and Kesavulu Naidu (2019).
Cooper's (1962) observation of the incubation time for the development of plaques
was found to be 40 h after infection. This could be due to plaque formation described
in the agar-cell suspension method, for the cells which can't form a monolayer.

The plague morphology observed in this study was almost clear, circular with
similar sizes (1-1.5 mm). On prolonged incubation, increase in plaque size was

noticed. Dulbecco (1952) observed plagque size with a diameter of 2-4mm. The small
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size of plagues might be due to increased agarose concentration (1.2%) in overlay as
observed by Howell et al. (1967). In addition, according to Blanchard and Stott (1989)
cells grown on 10% FBS in MEM produce small plaques.

Further, almost parallel results but not exact were obtained with Howell et al.
(1967) and Dulbecco (1952) about the linear relationship between the number of
plaques and virus concentration inoculated to monolayer. The plaques were observed
better in the wells infected with 10™ dilution stock virus. More no. of plaques
developed in 107 dilution stock virus. Few plaques were observed in 10™ and 10°®
virus dilution. Srikanth Reddy (2018) and Srinivas et al. (2018) performed viral
dilution from 10 to 10 and observed 10-12 plaques in 10 dilution stock virus, but
no plaque developed in 10 and 10° virus dilution. The plaque morphology and
results were similar to Srikanth Reddy (2018), Srinivas et al. (2018), and Kesavulu
Naidu (2019). Plaque purified BTV-23 was titrated and TCIDs, was calculated

according to Reed and munch’s method. The titre obtained was 10**!/100pL.

5.3 MOLECULAR CONFIRMATION

Gel electrophoresis of extracted RNA revealed the segmented nature of the
genome, which was found similar to the BTV RNA gel electrophoresis in 1% agarose
by Thota et al. (2021). Group-specific confirmation of BT done with NS3 gene,
amplicon size of 98bp was observed in gel electrophoresis, a result obtained found
similar to Sharanya (2018). Serotype confirmation by RT-PCR was conducted by
Real-time PCR and conventional PCR using available primers of BTV types (BTV-1,
2,4,5,9, 10, 12, 16, 21, 23 and 24). In Real-time PCR amplification observed with
BTV-23 primers, C; value obtained 15.9, was as amplification with other primers was

found to be similar to NTC. In convention PCR, PCR product was analyzed by gel
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electrophoresis and amplicon size of 1370 bp was observed with BTV-23 specific
primers. No amplification was observed with primers specific for other serotypes.
Amplification of positive cDNA of each serotype yielded the expected size of
products with respective primers. The results are in accordance with the conclusions
of Reddy et al. (2016), Srinivas et al. (2018), and Kesavulu Naidu (2019) regarding
VP2-based serotype-specific RT-PCR where VP2 is the BTV outer capsid protein
encoded by segment-2 of BTV. VP2 is the major determinant of virus serotype. The
sequences of segment-2 vary between different serotypes and the nucleotide sequence
of segment-2 is available for BTV-1 to BTV-29. Therefore VP2 based molecular
typing assay of BT was developed (Maan et al., 2012) and the same was used in this

study.

5.4 ANIMAL INOCULATION

Bluetongue Virus seronegative Deccani sheep between the age group of 6m-1yr
were selected based on c-ELISA. Rao et al. (2016b) mentioned that Deccani sheep are
less severely affected, and low mortality and faster recovery we noticed compared to
other breeds (Nellore). So deccani breed was selected for the study.

A 2ml dose of 10**! TCIDsy/100pL BTV-23 was inoculated into the sheep in
the shoulder region (ImL intradermal and 1mL subcutaneous). Intradermal (I/D)
inoculation is similar to the natural route of transmission and it is effective in
mounting good immune response. I/D inoculation results in early seroconversion and
high antibody titre (Umeshappa et al., 2011).

After inoculation with BTV-23, both the inoculated sheep developed pyrexia on
6 dpi with 104.2°F and 104.3°F recorded temperature. Pyrexia was maintained for 4-6

days which was in line with previous observations of Sreenivasulu and Subbarao
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(2000). However, pyrexia was not observed in either animal upon booster dose, which
might be due to the development of neutralizing antibodies which was found similar
in observation by Srikanth Reddy (2018), Srinivas et al. (2018), and Kesavulu Naidu
(2019). Clinically, both animals exhibited mild signs such as pyrexia at 6 dpi and
nasal discharge developed at 10 dpi. Schulz et al. (2018) inoculated BTV- 4 in sheep
resulted in a mild clinical sign — pyrexia (39.7-40.9° C) between 2dpi-10dpi and nasal
discharge, mild cough developed between 6 -10 dpi. These results were in agreement
with the Srinivas et al. (2018), and Kesavulu Naidu (2019) where mild clinical signs-
pyrexia and nasal discharge noticed, whereas Reddy et al. (2018) observed clinical
signs in inoculated sheep such as pyrexia, nasal discharge edema of buccal region and
hyperemia of the buccal mucosa.

These mild clinical signs may be due to the virus attenuation attained upon
being passaged in the Vero cell line several times. Similar results were made
previously by Eschbaumer et al. (2010). Caporale et al. (2014) mentioned the
experimental inoculation of sheep with cell culture adapted BTV results in mild
clinical manifestation. MacLachlan et al. (2009) and Verwoerd and Erasmus (2004)
mentioned the severity of BT clinical signs and disease depends on the animal

species, breed and virus strain infected.

5.5 SERUM NEUTRALIZATION STUDIES
Serum Neutralization Tests were carried out as it is considered the gold standard
for typing and also to study the neutralization and cross-neutralization behaviour of

plaque purified BTV-23 hyperimmune serum (HIS).
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After inoculation of BTV-23 to sheep, serum was collected at the different
intervals and SNT was done to confirm sheep were seroconverted and to know the
antibody titre. Serum was collected on 7 dpi from infected and control group animals.
Serum Neutralization Test was done with the homologous virus and one of the
animals (tag no.28) was found to develop antibodies/seroconverted. Other inoculated
animal (tag no. 33) didn't develop antibodies by the 7 dpi. The serum is collected at
15 dpi before being given the same dose as a booster. Serum Neutralization Test was
done with serum collected at 15 dpi. In the animal tag no. 28, a decrease in antibody
was observed based on CPE and crystal violet staining. Animal with tag no. 33 was
found to develop antibodies 15 dpi, i.e., it may have seroconverted between 7-15 dpi.
These observations were in agreement with Perez de diego et al. (2012) who
mentioned an increase in antibodies level in sheep vaccinated with BTV-1 till 14 dpi
and a later decrease in antibody level was noticed at 20 dpi, following a booster an
increase in antibodies level was again observed. After booster vaccination, serum was
collected on 28 dpi and SNT was done, it is found that both the animals had
developed antibodies and neutralizing antibodies levels increased based on CPE and
crystal violet staining, titre was calculated as 1/320 for both the animals. The control
animal remained seronegative throughout the entire study. Oura et al. (2009) observed
sheep infected with BTV showed an undetectable level of neutralizing antibodies after
the first vaccination and had high antibody titres after the second vaccination.
Srikanth Reddy (2018), Srinivas (2018) and Kesavulu Naidu (2019) observed BTV
inoculated sheep seroconverted by 7" dpi and neutralizing antibodies titre were

increased and animals remained seropositive during their entire study.
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5.6 CROSS-NEUTRALIZATION STUDIES

In cross-neutralization studies, BTV-23 hyperimmune serum didn't cross
neutralize the available BTV-1, 2, 4, 5, 9, 10, 12, 16, 21 and 24 serotypes. Erasmus
(1990) described the serological relationship of 24 BTV serotypes, based on cross-
protection tests in sheep and observed BTV-23 cross-protection towards BTV-8 and
18. Fay et al. (2021) observed two-way cross-protection between BTV-23 and BTV-
8, and weak cross-protection was seen between BTV-23 and BTV-18. The BTV
serotypes 8 & 18 isolates were not taken in the current study and BTV-23

hyperimmune serum didn't cross neutralize with available serotypes.

Strong

Weak

Very weak

One-way cross-reactive

Two-way cross-reactive {sheep)

| [

Two-way cross-reactive (rabbit)

Fig 5.1 Antigenic relationship between BTV serotypes (Fay et al., 2021).
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Phylogenetic analysis of seg-2 of 24 BTV serotypes grouped the BTV-23, BTV-
18 and BTV-8 into nucleotype-D (Maan et al., 2007). Umeshappa et al. (2011)
immunized sheep with the BTV-1 vaccine, challenged with BTV-23 and observed
heterologous cross-protection toward BTV-23. The phylogenetic analysis of VP2 and
VPS5 protein of BTV-1 is close related to BTV-23. Therefore BTV-1 showed one-way
cross-protection to BTV-23. However, since BTV also circulates as different
topotypes based on the geographic region, that might have played a role in absence of
any cross reactivity of BTV-23 with other tested BTV serotypes, in the current study

The prevalence of BTV serotypes during the year 2002-2011 were BTV-1, 2, 9,
10, 12, 16 and 21 in the state of Andhra Pradesh (Reddy et al., 2016). From 2017-
2019 BTV prevalence was BTV-1, 2, 4, 5, 12, 16 and 24 (Naresh et al., 2020 and
Thota et al., 2021). The prevalence of BTV-8 and BTV-18 were not recorded during

recent times and therefore not included in the study.

Conclusion

Bluetongue Virus-23 was successfully plaque purified in Vero cells and on
infection into seronegative Deccani sheep elicited mild clinical signs. Further
antibody response was noticed from 7 dpi. Bluetongue Virus-23 hyperimmune serum
didn’t cross neutralize with available BTV serotypes. Plaque purified BTV serotype
was confirmed as BTV-23 by molecular confirmation, and the hyperimmune serum
raised will serve as a major tool in future neutralization assays for BTV serotype

confirmation.



SUMMARY



CHAPTER VI
SUMMARY

Bluetongue (BT) is an economically important infectious, non-contagious,
arthropod transmitted viral disease of domestic and wild ruminants. It is caused by the
BTV and is mainly transmitted by some species of Culicoides biting midges.
Bluetongue virus is a segmented ds-RNA virus belonging to the genus Orbivirus
under the family Reoviridae. Sheep and white-tailed deer are the most susceptible
host. It is placed in the Office International des Epizooties listed multispecies disease
(OIE, 2021). In the present study, the BTV-23 serotype was taken for plaque
purification and the ability of BTV-23 antiserum to cross-neutralize with other
available serotypes (BTV-1, 2, 4,5, 9, 10, 12, 16, 21 and 24) was studied.

First, BHK-21 adapted BTV-23 serotype was grown in Vero cell line
supplemented with 1% MEM to get a high titre and for plaque purification. Vero
adapted BTV-23 plaque purification was done and the titre of BTV-23 was calculated
as 10*1/100 pL. Thus, plaque purified BTV-23 was then used for molecular and

serological confirmation.

For molecular typing, extraction of RNA was done from plaque purified BTV-
23 cell culture supernatant and subjected to 1% agarose gel electrophoresis, which
revealed 10 segmented nature of ds-RNA BTV genome. Then, the BTV-23 was
checked against type-specific primers of BTV types (BTV-1, 2, 4,5, 9, 10, 12, 16, 21,

23 and 24) by RT-PCR. Amplification was seen with BTV-23 primers and the size of
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the amplicon was 1370 bp, no amplification was observed with the remaining BTV
primers. Bluetongue virus-23 plaque purified cell culture fluid was inoculated into

two BTV seronegative sheep and control animals inoculated with plain MEM media.

Bluetongue Virus inoculated sheep developed mild clinical signs such as
pyrexia (104.2 and 104.3°F) on 6 dpi and nasal discharges on 10 dpi. Sera of blood
collected from BTV inoculated and a control animal on 0, 7, 15 and 28 dpi was
subjected to SNT. It was revealed that BTV inoculated sheep seroconverted from 7
dpi and remained seropositive throughout the experimental study and control

remained seronegative throughout the entire study.

In serum neutralization studies using BTV-23 hyperimmune serum against
plaque purified BTV-23 virus, antibody titre was estimated to be 1/320 by 28 dpi. In
cross-neutralization studies, BTV-23 hyperimmune serum didn't cross neutralize with
any available BTV serotypes (1, 2, 4, 5, 9, 10, 12, 16, 21 and 24). Plaque purified
BTV serotype was confirmed as BTV-23 by molecular confirmation and the
hyperimmune serum raised will serve as a major tool in future neutralization assays

for BTV serotype confirmation and cross neutralization studies.



LITERATURE CITED



LITERATURE CITED

Afshar A, Thomas F C, Wright P F, Shapiro J L and Anderson J. 1989. Comparison
of competitive ELISA, indirect ELISA, standard AGID tests for detecting
bluetongue virus antibodies in cattle and sheep. Veterinary Record 124 (6): 136-
141.

Ain K U, Biswas S K, Inbaraj S, Chand K, Saxena A, Ramakrishnan M A and Pandey
A B. 2020. Deciphering type-specific neutralizing antibodies to bluetongue
virus in goats of Andaman and Nicobar Islands, India. Tropical Animal Health
and Production 52 (5): 2715-2719.

AINP-BT. 2012. Annual Report, All India Network Project on Bluetongue. Indian
Council of Agricultural Research, New Delhi, India.
(https://nivedi.res.in/pdf/Reports/AR%202012%20(Nivedi) part%201.pdf).

Alexander R A. 1959. Bluetongue as an international problem. Bulletin - Office
International des Epizooties 51 (7): 432-4309.

Alkhamis M A, Aguilar-Vega C, Fountain-Jones N M, Lin K, Perez A M and
Sanchez-Vizcaino J M. 2020. Global emergence and evolutionary dynamics of
bluetongue virus. Scientific Reports 10 (1): 1-2.

Ander M, Meiswinkel R and Chirico J. 2012. Seasonal dynamics of biting midges
(Diptera: Ceratopogonidae: Culicoides), the potential vectors of bluetongue
virus, in Sweden. Veterinary Parasitology 184 (1): 59-67.

Babu T S, Hamza P A and Rao S U. 1988. A note on an outbreak of bluetongue in
sheep in Andhra Pradesh. Indian Journal of Comparative Microbiology,
Immunology Infectious Disease 9: 148-149.

Backx A, Heutink R, Van Rooij E and Van Rijn P. 2009. Transplacental and oral
transmission of wild-type bluetongue virus serotype 8 in cattle after
experimental infection. Veterinary Microbiology 138 (3-4): 235-43.

Balam D, Daggupati S and Maddireddy H. 2011. Studies of the Antigenic
relationships between Bluetongue virus serotype 2, 9 and 15 isolated in Andhra
Pradesh, India. Veterinary World 4 (10): 444.

Balwan W K, Saba N and Sharma K K. 2021. Status of Bluetongue Disease in India:
An Updated Systematic Review. EAS Journal of Parasitology Infectious
Disease 3 (5): 69-74.

Batten C A, Henstock M R, Bin-Tarif A, Steedman H M, Waddington S, Edwards L
and Oura C A L. 2012. Bluetongue virus serotype 26: Infection kinetics and
pathogenesis in Dorset Poll sheep. Veterinary Microbiology 157 (1-2): 119-124.



85

Batten C, Darpel K, Henstock M, Fay P, Veronesi E, Gubbins S, Graves S, Frost L
and Oura C. 2014. Evidence for transmission of bluetongue virus serotype 26
through direct contact. PloS One 9 (5): €96049.

Baylis M, Mellor P S, Wittmann E J and Rogers D J. 2001. Prediction of areas around
the Mediterranean at risk of bluetongue by modelling the distribution of its
vector using satellite imaging. Veterinary Record 149 (21): 639-43.

Belbis G, Zientara S, Breard E, Sailleau C, Caignard G, Vitour D and Attoui H. 2017.
Bluetongue virus: from BTV-1 to BTV-27. In Advances in Virus Research 99:
161-197.

Bhanuprakash V, Indrani B K, Hosamani M, Balamurugan V and Singh R K. 2009.
Bluetongue vaccines: the past, present and future. Expert Review of Vaccines 8
(2): 191-204.

Billinis C, Koumbati M, Spyrou V, Nomikou K, Mangana O, Panagiotidis C A and
Papadopoulos O. 2001. Bluetongue virus diagnosis of clinical cases by a duplex
reverse transcription-PCR: a comparison with conventional methods. Journal of
Virological Methods 98 (1): 77-809.

Blacksell S D and Lunt R A. 1993. Serotype identification of Australian bluetongue
viruses using a rapid fluorescence inhibition test. Journal of Virological
Methods 44 (2-3): 241-50.

Blanchard-Channell M and Stott J L. 1989. Bluetongue virus propagation and plaque
assay: variation due to medium and serum supplement. Journal of Virological
Methods 24 (3): 265-74.

Bouwknegt C, Van Rijn P A, Schipper J J, Holzel D, Boonstra J, Nijhof A M, Van
Rooij E and Jongejan F. 2010. Potential role of ticks as vectors of bluetongue
virus. Experimental and Applied Acarology 52 (2): 183-92.

Breard E, Turpaud M, Beaud G, Postic L, Fablet A, Beer M and Zientara S. 2021.
Development and Validation of an ELISA for the Detection of Bluetongue
Virus Serotype 4-Specific Antibodies. Viruses 13 (9): 1741.

Bumbarov V, Golender N, Erster O and Khinich Y. 2016. Detection and isolation of
Bluetongue virus from commercial vaccine batches. Vaccine 34 (28): 3317-
3323.

Bumbarov V, Golender N, Jenckel M, Wernike K, Beer M, Khinich E, Zalesky O and
Erster O. 2020. Characterization of bluetongue virus serotype 28.
Transboundary and Emerging Diseases 67 (1): 171-82.



86

Caporale M, Di Gialleonorado L, Janowicz A, Wilkie G, Shaw A, Savini G, Van Rijn
P A, Mertens P, Di Ventura M and Palmarini M. 2014. Virus and host factors
affecting the clinical outcome of bluetongue virus infection. Journal of Virology
88 (18): 10399-411.

Chand K, Biswas S K, Pandey A B, Muthuchelvan D and Mondal B. 2015.
Bluetongue in India: A review. Advances in Animal and Veterinary Sciences 3
(11): 605-612.

Chander S, Prasad G and Jain N C. 1990. Clinical, haematological and immunological
studies on sheep experimentally inoculated with 2 strains of bluetongue virus
type 1. Indian Journal of Virology 6 (1/2): 23-31.

Chung S I, Billingsley P, Livingston J R C W and Collisson E W. 1991. Isolation and
identification of a variant of bluetongue virus serotype 11 from a ram in a
bluetongue outbreak in Western Texas. Journal of Clinical Microbiology 29 (7):
1545-7.

Clavijo A, Heckert R A, Dulac G C and Afshar A. 2000. Isolation and identification
of bluetongue virus. Journal of Virological Methods 87 (1-2): 13-23.

Coetzee P, Stokstad M, Venter E H, Myrmel M and Van Vuuren M. 2012.
Bluetongue: a historical and epidemiological perspective with the emphasis on
South Africa. Virology Journal 9 (1): 198.

Coetzee P, Van Vuuren M, Venter E H and Stokstad M. 2014. A review of
experimental infections with bluetongue virus in the mammalian host. Virus
Research 182: 21-34.

Cooper P D. 1962. The plaque assay of animal viruses. In Advances in Virus
Research 8: 319-378.

Dal Pozzo F, Saegerman C and Thiry E. 2009. Bovine infection with bluetongue virus
with special emphasis on European serotype 8. The Veterinary Journal 182 (2):
142-151.

Darpel K E, Barber J, Hope A, Wilson A J, Gubbins S, Henstock M and Mertens P P.
2016. Using shared needles for subcutaneous inoculation can transmit
bluetongue virus mechanically between ruminant hosts. Scientific Reports 6 (1):
1-8.

De Ankan, Das T K, Chand K, Debnath B C, Dey S, Hemadri D, Barman N N,
Chaudhary J K, Muthuchelvan D, Saxena A and Tewari N. 2019.
Seroprevalence of bluetongue and presence of viral antigen and type-specific
neutralizing antibodies in goats in Tripura, a state at Indo-Bangladesh border of
northeastern India. Tropical Animal Health and Production 51 (1): 261-5.



87

De Campos Nogueira A H, De Stefano E, Martins M D S N, Okuda L H, dos Santos
Lima M, Da Silva Garcia T and Pituco E M. 2016. Prevalence of Bluetongue
virus serotype 4 in cattle in the State of Sao Paulo, Brazil. Veterinaria
Italiana 52 (3-4): 319-323.

De Clercq K, Vandaele L, Vanbinst T, Riou M, Deblauwe I, Wesselingh W, Pinard A,
Van Eetvelde M, Boulesteix O, Leemans B and Gelineau R. 2021.
Transmission of Bluetongue Virus Serotype 8 by Artificial Insemination with
Frozen—Thawed Semen from Naturally Infected Bulls. Viruses 13 (4): 652.

Dercksen D, Paauwe R, Backx A, Van Rijn P and Vellema P. 2007. First outbreak of
bluetongue in goats in The Netherlands. Tijdschrift Voor Diergeneeskunde 132
(20): 786-790.

Du Toit R M. 1944. The transmission of bluetongue and horse sickness by Culicoides.
Onderstepoort Journal of Veterinary Science and Animal Industry 19: 7-16.

Dulbecco R. 1952. Production of plaques in monolayer tissue cultures by single
particles of an animal virus. Proceedings of the National Academy of Sciences
38 (8): 747-752.

Erasmus B J. 1975. Bluetongue in sheep and goats. Australian Veterinary Journal 51
(4): 165-170.

Erasmus B J. 1990. Bluetongue virus. Virus Infections of Ruminants 3: 227-237.

Eschbaumer M, Wackerlin R, Rudolf M, Keller M, Konig P, Zemke J, Hoffmann B
and Beer M. 2010. Infectious blood or culture-grown virus: a comparison of
bluetongue virus challenge models. Veterinary Microbiology 146 (1-2): 150-4.

Fay P C, Mohd Jaafar F, Batten C, Attoui H, Saunders K, Lomonossoff G P, Reid E,
Horton D, Maan S, Haig D and Daly J M. 2021. Serological Cross-Reactions
between Expressed VP2 Proteins from Different Bluetongue Virus Serotypes.
Viruses 13 (8): 1455.

Feng Y, Yang T, Xu Q, Sun E, Li J, Lv S and Wu D. 2015. Detection, discrimination
and quantitation of 22 bluetongue virus serotypes using real-time RT-PCR with
TagMan MGB probes. Archives of Virology 160 (9): 2249-2258.

Gambles R M. 1949. Bluetongue of sheep in Cyprus. Journal of Comparative
Pathology and Therapeutics 59: 176-190.

George T S, Standfast H A, Cybinski D H, Dyce A L, Muller M J, Doherty R L,
Carby J G, Filippich C and Frazier C L. 1978. The isolation of a bluetongue
virus from Culicoides collected in the Northern Territory of Australia.
Australian Veterinary Journal 54 (3): 153-154.



88

Gethmann J, Probst C and Conraths F J. 2020. Economic impact of a bluetongue
serotype 8 epidemic in Germany. Frontiers in Veterinary Science 7: 65.

Ghalib H W, Cherrington J M and Osburn B 1. 1985. Virological, clinical and
serological responses of sheep infected with tissue culture adapted bluetongue
virus serotypes 10, 11, 13 and 17. Veterinary Microbiology 10 (2): 179-188.

Grewar J D. 2016. The economic impact of Bluetongue and other orbiviruses in sub-
Saharan Africa, with special reference to Southern Africa. Veterinaria Italiana
52 (3-4): 375-81.

Grimes J M, Burroughs J N, Gouet P, Diprose J M, Malby R, Zientara S, Mertens P P
and Stuart D 1. 1998. The atomic structure of the bluetongue virus core. Nature
395 (6701): 470-8.

Gutsche T. 1979. There was a man. Timmins Cape Town 4: 2-5.

Haig D A, McKercher D G and Alexander R A. 1956. The cytopathogenic action of
bluetongue virus on tissue cultures and its application to the detection of
antibodies in the serum of sheep. Onderstepoort Journal of Veterinary Research
27 (2): 1-2.

Henning M W. 1956. Animal Diseases in South Africa. 3" edn. Central News Agency,
South Africa. pp 809-827.

Hoffmann B, Saberath M, Thalheim S, Bunzenthal C, Strebelow G and Beer M. 2008.
Bluetongue virus serotype 8 reemergence in Germany, 2007 and
2008. Emerging Infectious Diseases 14 (9): 1421.

Howard T H, Bowen R A and Pickett B W. 1985. Isolation of bluetongue virus from
bull semen. Progress in Clinical and Biological Research 178: 127-134.

Howell P G, Verwoerd D W and Oellermann R A. 1967. Plaque formation by
bluetongue virus. The Onderstepoort Journal of Veterinary Research 34 (2):
317-332.

Huismans H A and Erasmus B J. 1981. Identification of the serotype-specific and
group-specific antigens of bluetongue virus. The Onderstepoort Journal of
Veterinary Research 48 (2): 51-8.

Hutcheon D. 1902. Malarial catarrhal fever of sheep. Veterinary Record 14: 629-633.

Janakiraman D, Venugopalan A T, Ramaswamy V and Venkatesan R A. 1991.
Serodiagnostic evidence of prevalence of bluetongue virus serotypes among
sheep and goats in Tamil Nadu. Indian Journal of Animal Science 61 (3): 497-
498.



89

Jyothi S J, Patil S R, Reddy N Y, Panduranga R P, Madala U, Prakash G M and Putty
K. 2020. Implications of a conserved region of bluetongue virus protein VP2 in
cross-neutralisation of bluetongue virus serotypes. Onderstepoort Journal of
Veterinary Research 87 (1): 1-6.

Kesavulu Naidu I. 2019. Plaque purification and characterization of bluetongue virus
serotype-24 (btv-24) (Doctoral dissertation, PVNRTVU).

Koenraadt C J, Balenghien T, Carpenter S, Ducheyne E, Elbers A R, Fife M and
Seelig F. 2014. Bluetongue, Schmallenberg-what is next? Culicoides-borne viral
diseases in the 21% Century. BMC Veterinary Research 10 (1): 1-7.

Komarov A and Goldsmit L E A H. 1951. A disease similar to bluetongue in cattle
and sheep in Israel. Refuah Veterinarith 8 (96): 100.

Krishnajyothi Y, Maan S, Kandimalla K, Maan N S, Tutika R B, Reddy Y V and Rao
P P. 2016. Isolation of bluetongue virus 24 from India—an exotic serotype to
Australasia. Transboundary and Emerging Diseases 63 (4): 360-364.

Lakshmi I K, Putty K, Raut S S, Patil S R, Rao P P, Bhagyalakshmi B, Jyothi Y K,
Susmitha B, Reddy Y V, Kasulanati S and Jyothi J S. 2018. Standardization and
application of real-time polymerase chain reaction for rapid detection of
bluetongue virus. Veterinary World 11 (4): 452.

Lean F Z, Neave M J, White J R, Payne J, Eastwood T, Bergfeld J, Di Rubbo A,
Stevens V, Davies K R, Devlin J and Williams D T. 2019. Attenuation of
bluetongue virus (BTV) in an in ovo model is related to the changes of viral
genetic diversity of cell-culture passaged BTV. Viruses 11 (5): 481.

Lonkar P S, Uppal P K, Belwal L M and Mathur P B. 1983. Bluetongue in sheep in
India. Tropical Animal Health and Production 15 (7): 86-7.

Luedke A J, Jochim M M and Bowne J. 1965. Preliminary Bluetongue Transmissions
with the Sheep Ked Melophagus Ovinus (L.). Canadian Journal of
Comparative Medicine and Veterinary Science 29 (9): 229.

Maan S, Maan N S, Samuel A R, Rao S, Attoui H and Mertens P P C. 2007. Analysis
and phylogenetic comparisons of full-length VP2 genes of the 24 bluetongue
virus serotypes. Journal of General Virology 88 (2): 621-630.

Maan N S, Maan S, Belaganahalli M N, Ostlund E N, Johnson D J, Nomikou K and
Mertens P P. 2012 Identification and differentiation of the twenty six
bluetongue virus serotypes by RT-PCR amplification of the serotype-specific
genome segment 2. PloS One 7(2):e32601.



90

Maan S, Maan N S, Belaganahalli M N, Rao P P, Singh K P, Hemadri D, Putty K,
Kumar A, Batra K, Krishnajyothi Y and Chandel B S. 2015. Full-genome
sequencing as a basis for molecular epidemiology studies of bluetongue virus in
India. PLoS One 10 (6): e0131257.

Maan S, Maan N S, Belaganahalli M N, Potgieter A C, Kumar V, Batra K, Wright |
M, Kirkland P D and Mertens P P. 2016. Development and evaluation of real
time RT-PCR assays for detection and typing of bluetongue virus. PL0oS One 11
(9): e0163014.

MacLachlan N J. 1994. The pathogenesis and immunology of bluetongue virus
infection of ruminants. Comparative Immunology, Microbiology and Infectious
Diseases 17: 197- 206.

MacLachlan N J and Osburn B 1. 2006. Impact of bluetongue virus infection on the
international movement and trade of ruminants. Journal of the American
Veterinary Medical Association 228 (9): 1346-9.

Maclachlan N J, Drew C P, Darpel K E and Worwa G. 2009. The pathology and
pathogenesis of bluetongue. Journal of Comparative Pathology 141(1): 1-6.

MacLachlan N J and Gard G. 2009. Clinical signs and pathology. In: Mellor P, Baylis
M, Mertens PPC (eds.): Bluetongue. Academic Press, London. pp 285-293.

Maclachlan N J and Mayo C E. 2013. Potential strategies for control of bluetongue, a
globally emerging, Culicoides-transmitted viral disease of ruminant livestock
and wildlife. Antiviral Research 99 (2): 79-90.

Maclachlan N J, Mayo C E, Daniels P W, Savini G, Zientara S and Gibbs E P. 2015.
Bluetongue. Revue Scientifique et Technique (International Office of Epizootics)
34 (2): 329-40.

Maheshwari G. 2012. Current status of bluetongue disease, its vector and
pathogenesis in India. Proceedings of the National Academy of Sciences, India
Section B: Biological Sciences 82 (4): 463-475.

Martinelle L, Dal Pozzo F, Thys C, De Leeuw I, Van Campe W, De Clercq K and
Saegerman C. 2018. Assessment of cross-protection induced by a bluetongue
virus (BTV) serotype 8 vaccine towards other BTV serotypes in experimental
conditions. Veterinary Research 49 (1): 1-14.

McPhee D A, Parsonson | M and Della-Porta A J. 1982. Comparative studies on the
growth of Australian bluetongue virus serotypes in continuous cell lines and
embryonated chicken eggs. Veterinary Microbiology 7 (5): 401-10.

Mellor P S and Wittmann E J. 2002. Bluetongue virus in the Mediterranean Basin
1998-2001. The Veterinary Journal 164 (1): 20-37.



91

Mellor P S, Carpenter S, Harrup L, Baylis M, Wilson A and Mertens P P C. 2009.
Bluetongue in Europe and the Mediterranean Basin. Chapter 13 In Bluetongue,
Elsevier London, pp 235-264.

Menzies F D, McCullough S J, McKeown | M, Forster J L, Jess S, Batten C, Murchie
A K, Gloster J, Fallows J G, Pelgrim W and Mellor P S. 2008. Evidence for
transplacental and contact transmission of bluetongue virus in cattle. Veterinary
Record 163 (7): 203-9.

Mertens P P, Pedley S, Cowley J, Burroughs J N, Corteyn A H, Jeggo M H, Jennings
D M and Gorman B M. 1989. Analysis of the roles of bluetongue virus outer
capsid proteins VP2 and VPS5 in determination of virus serotype. Virology 70
(2): 561-5.

Mertens P P and Diprose J. 2004. The bluetongue virus core: a nano-scale
transcription machine. Virus Research 101 (1): 29-43.

Mertens P P, Diprose J, Maan S, Singh K P, Attoui H and Samuel A R. 2004.
Bluetongue virus replication, molecular and structural biology. Veterinaria
Italiana 40 (4): 426-437.

Mertens P P C, Maan N S, Prasad G, Samuel A R, Shaw A E, Potgieter A C, Anthony
S Jand Maan S. 2007. Design of primers and use of RT-PCR assays for typing
European bluetongue virus isolates : differentiation of field and vaccine strains.
Journal of Virology 88 (10): 2811-2823.

Naresh G, Putty K, Reddy Y N and Jyothi Y K. 2020. Type-specific seroprevalence of
bluetongue in India during 2018 and 2019. Veterinary World 13 (10): 2092.

OIE 2021. Animal health in the World.OIE-Listed disease, infections and infestations
in force in 2021 (https://www.oie.int/en/animal-health-in-the-world/oie-listed-
diseases-2021/).

Oura C A, Wood J L, Sanders A J, Bin-Tarif A A, Henstock M, Edwards L, Floyd T,
Simmons H and Batten C A. 2009. Seroconversion, neutralising antibodies and
protection in bluetongue serotype 8 vaccinated sheep. Vaccine 27 (52): 7326-30.

Pascall D J, Nomikou K, Breard E, Zientara S, Filipe A D, Hoffmann B, Jacquot M,
Singer J B, De Clercq K, Botner A and Sailleau C. 2020. “Frozen evolution” of
an RNA virus suggests accidental release as a potential cause of arbovirus re-
emergence. PLoS Biology 18 (4): e3000673.

Patel A and Roy P. 2014. The molecular biology of Bluetongue virus replication.
Virus Research 182 (14): 5-20.


https://www.oie.int/en/animal-health-in-the-world/oie-listed-diseases-2021/
https://www.oie.int/en/animal-health-in-the-world/oie-listed-diseases-2021/

92

Patton J F, Work T M, Jessup D A, Hietala S K, Oliver M N and Maclachlan N J.
1994. Serologic detection of bluetongue virus infection of black-tailed deer:
comparison of serum neutralization, agar gel immunodiffusion and competitive
ELISA assays. Journal of Wildlife Diseases 30 (1): 99-102.

Perez de Diego A C, Sanchez-Cordon P J, de las Heras A | and Sanchez-Vizcaino J
M. 2012. Characterization of the immune response induced by a commercially
available inactivated bluetongue virus serotype 1 vaccine in sheep. The
Scientific World Journal 12: 1-8.

Pringle C R. 1999. Virus taxonomy-1999. Archives of Virology 144 (2): 421-429.

Pullinger G D, Guimera Busquets M, Nomikou K, Boyce M, Attoui H and Mertens P
P. 2016. Identification of the genome segments of bluetongue virus serotype 26
(Isolate KUW2010/02) that restrict replication in a culicoides sonorensis cell
line (KC Cells). PLoS One 11 (2): e01497009.

Purse B V, Mellor P S, Rogers D J, Samuel A R, Mertens P P and Baylis M. 2005.
Climate change and the recent emergence of bluetongue in Europe. Nature
Reviews Microbiology 3 (2): 171-181.

Putty K, Himaja K, Raju B E, Sandeep S, Sharanya M, Susmitha B and Rao P P.
2020. Type specific seroprevalence of bluetongue virus during 2017-2018 in
Andhra Pradesh and Telangana states of India. Tropical Animal Health and
Production 52 (6): 3907-3910.

Rahman S K, Kerviel A, Mohl B P, He Y, Zhou Z H and Roy P. 2020. A calcium
sensor discovered in bluetongue virus nonstructural protein 2 is critical for virus
replication. Journal of Virology 94 (20): e01099-20.

Ranjan K, Minakshi P and Prasad G. 2015. Bluetongue: Indian perspective. Acta
Virologica 59 (4): 317-337.

Rao P P, Krishnajyothi Y, Reddy V Y, Susmitha B, Reddy H G, Putty K and Reddy N
Y. 2016a. A decade of research on Bluetongue virus in Andhra Pradesh, a
Southern state of India. Veterinaria Italiana 52 (3-4): 299-304.

Rao P P, Hegde N R, Reddy Y N, Krishnajyothi Y, Reddy Y V, Susmitha B and
Reddy G H. 2016b. Epidemiology of bluetongue in India. Transboundary and
Emerging Diseases 63 (2): e151-e164.

Rao P P, Hegde N R, Singh K P, Putty K, Hemadri D, Maan N S and Mertens P P.
2017. Bluetongue: aetiology, epidemiology, pathogenesis, diagnosis and
control. Emerging and Re-emerging Infectious Diseases of Livestock 1: 3-54.



93

Rasmussen L D, Savini G, Lorusso A, Bellacicco A, Palmarini M, Caporale M and
Botner A. 2013. Transplacental transmission of field and rescued strains of
BTV-2 and BTV-8 in experimentally infected sheep. Veterinary Research 44
(1): 1-15.

Ratinier M, Caporale M, Golder M, Franzoni G, Allan K, Nunes S F and Palmarini
M. 2011. Identification and characterization of a novel non-structural protein of
bluetongue virus. PLoS Pathogens 7 (12): €1002477.

Reddy S, Putty K, Narasimha Reddy Y, Rao P P, Reddy R, Patil S R and Shaik A M.
2018. Experimental animal inoculation and cross neutralization studies of
bluetongue virus serotype-4. The Pharma Innovation Journal 7 (4): 563-566.

Reddy Y K M, Manohar B M, Pandey A B, Reddy Y N, Prasad G and Chauhan R S.
2010. Development and evaluation of inactivated pentavalent adjuvanted
vaccine for Bluetongue. Indian Veterinary Journal 87: 434-436.

Reddy Y V, Krishnajyothi Y, Susmitha B, Devi B V, Brundavanam Y, Gollapalli S R,
Karunasri N, Sonali B, Kavitha K, Patil S and Sunitha G. 2016. Molecular
typing of bluetongue viruses isolated over a decade in South India.
Transboundary and Emerging Diseases 63 (5): e412-e418.

Reed L J and Muench H. 1938. A simple method of estimating fifty percent
endpoints. The American Journal of Hygiene 27 (3): 493-497.

Ries C, Sharav T, Tseren-Ochir E O, Beer M and Hoffmann B. 2021. Putative novel
serotypes ‘33’and ‘35’in clinically healthy small ruminants in Mongolia expand
the group of atypical BTV. Viruses 13 (1): 42.

Roy G and Mehrotra M L. 1999. Biological and serological characterization of two
Indian isolates of bluetongue virus. Indian Journal of Comparative
Microbiology Immunology and Infectious Diseases 20 (2): 96-101.

Roy P, Urakawa T, Van Dijk A A and Erasmus B J. 1990. Recombinant virus vaccine
for bluetongue disease in sheep. Journal of Virology 64 (5): 1998-2003.

Roy P, Boyce M and Noad R. 2009. Prospects for improved bluetongue
vaccines. Nature Reviews Microbiology 7 (2): 120-128.

Roy P. 2017. Bluetongue virus structure and assembly. Current opinion in Virology
24: 115-123.

Rushton J and Lyons N. 2015. A review of the effects on production. Veterinary
Italian 51 (4): 401-6.



94

Saegerman C, Bolkaerts B, Baricalla C, Raes M, Wiggers L, De Leeuw I,
Vandenbussche F, Zimmer J Y, Haubruge E, Cassart D and De Clercq K. 2011.
The impact of naturally-occurring, trans-placental bluetongue virus serotype-8
infection on reproductive performance in sheep. The Veterinary Journal 187
(1):72-80.

Sairaju V, Susmitha B, Rao P P, Hegde N R, Meena K and Reddy Y N. 2013. Type
specific seroprevalence of bluetongue in Andhra Pradesh, India, during 2005-
2009. Indian Journal of Virology 24 (3): 394-397.

Saminathan M, Singh K P, Vineetha S, Maity M, Biswas S K, Manjunatha reddy G B,
Chauhan H C, Milton A A, Ramakrishnan M A, Maan S and Maan N S. 2020.
Virological, immunological and pathological findings of transplacentally
transmitted bluetongue virus serotype 1 in IFNAR1-blocked mice during early
and mid-gestation. Scientific Reports 10 (1): 1-9.

Sapre S N. 1964. An outbreak of bluetongue in goats and sheep. Indian Veterinary
Review 15: 78-80.

Sarwar M M. 1962. A note on bluetongue in sheep in West Pakistan. Pakistan
Journal of Animal Science 1: 1-2.

Schulz C, Breard E, Sailleau C, Jenckel M, Viarouge C, Vitour D, Palmarini M,
Gallois M, Hoper D, Hoffmann B and Beer M. 2016. Bluetongue virus serotype
27: detection and characterization of two novel variants in Corsica, France.
Journal of General Virology 97 (9): 2073-83.

Schulz C, Sailleau C, Breard E, Flannery J, Viarouge C, Zientara S and Hoffmann B.
2018. Experimental infection of sheep, goats and cattle with a bluetongue virus
serotype 4 field strain from Bulgaria. Transboundary and Emerging Diseases 65
(2): e243-e250.

Sekar P, Ponmurugan K and Gurusubramanian G. 2009. Comparative Susceptibility
of BHK 21 and Vero Cell Lines to Bluetongue Virus (BTV) Isolate Pathogenic
for Sheep. International Journal of Microbiology 7 (1): 1-5.

Sharanya M. 2018. Molecular typing of bluetongue virus (btv) isolates obtained from
field outbreaks of BT during 2016-18 (Doctoral dissertation, PVNRTVU).

Singh B, Anantwar L G and Samod A. 1982. A severe outbreak of bluetongue in
sheep in Maharashtra. In: National Seminar on Sheep and Goat Diseases,
Avikanagar, Central Sheep Wool Research Institute. pp 16.

Sperlova A and Zendulkova D. 2011. Bluetongue: a review. Veterinarni Medicina 56
(9): 430.

Spreull J. 1905. Malarial catarrhal fever (bluetongue) of sheep in South
Africa. Journal of Comparative Pathology and Therapeutics 18: 321-337.



95

Sreenivasulu D and Rao M S. 1999. Seroepidemiology of bluetongue disease in
Andhra Pradesh, India. The Indian Journal of Animal Sciences 69 (5): 1.

Sreenivasulu D and Subba Rao M V. 2000. Clinical, virological and serological
responses of sheep and goat inoculated with bluetongue virus type 2. Indian
Journal of Animal Sciences 70 (2): 151-153.

Srikanth Reddy M. 2018. Plaque purification of bluetongue virus serotype-4 (BTV-4).
International Journal of Current Microbiology and Applied Sciences 7 (4):
2837-44.

Srinivas J, Putty K, Narasimha Reddy Y, Reddy R, Patil S R, Birru S, Raju B V,
Venkatesh J, Naidu K, Purushotam P and Sairam Sandeep G. 2018. Plaque
Purification of Bluetongue Virus-12 (BTV-12). International Journal of Pure &
Applied Bioscience 6 (2): 128-35.

Srinivas J. 2018. Characterization of Bluetongue Virus-12 (Btv-12). (Doctoral
dissertation, PVNRTVU).

Srinivas R P, Moogi V M, Ananth M, Gopal T and Keshavamurthy B S. 1982.
Bluetongue disease outbreaks among sheep and goats of Karnataka. In:
Proceedings of National Seminar on Sheep and Goat Diseases, Avikanagar,
Central Sheep Wool Research Institute. pp 14-20.

Stewart M, Hardy A, Barry G, Pinto R M, Caporale M, Melzi E and Palmarini M.
2015. Characterization of a second open reading frame in genome segment 10
of bluetongue virus. The Journal of General Virology 96 (11): 3280.

Stott J L, Osburn B I, Bushnell R, Loomis E C and Squire K R. 1985.
Epizootiological study of bluetongue virus infection in California livestock: an
overview. Progress in Clinical and Biological Research 178 (5): 571-82.

Subhadra S, Kumar S, Suryanarayana V V and Sreenivasulu D. 2014. Comparison of
bluetongue virus detection and quantitation methods in south India. The Journal
of Infection in Developing Countries 8 (10): 1307-1312.

Thota R, Ganji V K, Machanagari S, Yella N R, Buddala B, Yadlapati Lakshmi | K,
Putty K, Raut S S, Patil S R, Rao P P, Bhagyalakshmi B, Jyothi Y K K, Rao P
P, Maan S, Maan N S, Hemadri D and Singh K P. 2021. VP2 Gene-Based
Molecular Evolutionary Patterns of Major Circulating Bluetongue Virus
Serotypes lIsolated during 2014-2018 from Telangana and Andhra Pradesh
States of India. Intervirology 64 (1): 8-15.

Tweedle N and Mellor P S. 2002. Technical review-bluetongue: The virus, hosts and
vectors. Veterinary Exotic Disease Division 1 (7): 21.



96

Umeshappa C S, Singh K P, Channappanavar R, Sharma K, Nanjundappa R H,
Saxena M and Sharma A K. 2011. A comparison of intradermal and intravenous
inoculation of bluetongue virus serotype 23 in sheep for clinico-pathology and
viral and immune responses. Veterinary Immunology and Immunopathology
141 (3-4): 230-238.

Umeshappa C S, Singh K P, Pandey A B, Singh R P and Nanjundappa R H. 2010.
Cell-mediated immune response and cross-protective efficacy of binary
ethylenimine-inactivated bluetongue virus serotype-1 vaccine in sheep. Vaccine
28 (13): 2522-2531.

Uppal P K and Vasudevan B. 1980. Occurrence of bluetongue in India. Indian
Journal of Comparative Microbiology Immunology Infectious Disease 1: 18-20.

Van der Sluijs M, Timmermans M, Moulin V, Noordegraaf C V, Vrijenhoek M,
Debyser 1 and Moormann R. 2011. Transplacental transmission of Bluetongue
virus serotype 8 in ewes in early and mid-gestation. Veterinary
Microbiology 149 (1-2): 113-125.

Van der Sluijs M T, Schroer-Joosten D P, Fid-Fourkour A, Smit M A, Vrijenhoek M
P, Moulin V, De Smit A J and Moormann R J. 2013a. Transplacental
transmission of BTV-8 in sheep: BTV viraemia, antibody responses and vaccine
efficacy in lambs infected in utero. Vaccine 31 (36): 3726-31.

Van der Sluijs M T, Schroer-Joosten D P, Fid-Fourkour A, Vrijenhoek M P, Debyser
I, Moulin V, Moormann R J and De Smit A J. 2013b. Transplacental
transmission of bluetongue virus serotype 1 and serotype 8 in sheep: virological
and pathological findings. PLoS One 8 (12): e81429.

Van Dijk A A and Huismans H. 1988. In vitro transcription and translation of
bluetongue virus mRNA. Journal of General Virology 69 (3): 573-581.

Vasudevan B. 1982. A note on bluetongue incidence among sheep in India.
In: Proceedings of the National Workshop on Bluetongue, Indian Veterinary
Research Institute, 1zathagar. pp 129-144.

Verwoerd D W and Erasmus B J. 2004. Bluetongue. Infectious Diseases of
Livestock 2 (3): 1201-1220.

Walton T E. 2004. The history of bluetongue and a current global overview.
Veterinaria Italiana 40 (3): 31-8.

Ward M P. 1994. Climatic factors associated with the prevalence of bluetongue virus
infection of cattle herds in Queensland, Australia. The Veterinary Record 134
(16): 407-410.



97

Wilson A J and Mellor P S. 2009. Bluetongue in Europe: past, present, and future.
Philosophical Transactions of the Royal Society B: Biological Sciences 364
(1530): 2669-81.

Zhang N, Li Z Zhang, K Hu Y and Li G. 1996. Bluetongue history, serology and virus
isolations in China. Bluetongue Disease in Southeast Asia and the Pacific 11
(15): 43-50.

Zulu G B and Venter E H. 2014. Evaluation of cross-protection of bluetongue virus
serotype 4 with other serotypes in sheep. Journal of the South African
Veterinary Association 85 (1): 01-02.





