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The BT is an arboviral infectious disease of domestic and wild ruminants caused by the
bluetongue virus (BTV). Southern states of India had remained the point of attention for BT
since first presence in 1964 in Maharashtra. Recently, northern states of India have also been
reported positive for BTV in small ruminants. The present study reported the dual infection of
BTV serotypes, BTV-12 and -16 in sheep population from Sirsa district of Haryana in the year

Keywords: 2016. After detection and serotyping with Seg-2 specific real time polymerase chain reaction
(PCR), the Seg-2 and Seg-6 of BTV were PCR amplified and sequenced. On phylogenetic analysis

Bluetongue virus it was detected to be clustered in nucleotype G and nucleotype B specific for BTV-12 and BTV-

Dual infection 16, respectively. This was the first report of BTV-16 from Haryana. The results signified the co-

Goat infection of two different serotypes in an animal from a single outbreak.

Molecular diagnosis

Real time RT-PCR
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Introduction

Small ruminants like sheep and goats are domesticated
by less affluent farmers for milk, wool, meat etc. as their
main source of livelihood. Bluetongue (BT) is a notifiable
disease listed by World Organization for Animal Health.! It
is an economically significant infectious arboviral disease
of small domestic and wild ruminants caused by the
bluetongue virus (BTV). Prominently sheep and white-
tailed deer (particularly of North America) are severely
affected by the disease? The BTV segmented double-
stranded RNA viruses (dsRNA viruses) belongs to the
genus Orbivirus of family Reoviridae. This virus has
immense potential to alter its genome by various
biological means like point mutations, recombination and
reassortment. This has led to extremely diverse genetic
pool that has resulted 28 distinct BTV serotypes and
recently three novel putative BTV serotypes were
identified.26 Furthermore, BTV has multiple strains,
nucleotypes, topotypes, ressortants within each serotypes
depending on the sequences of individual segments.*7.8 By
virtue of so much complexity, BTV easily befools host
immune system, as immunity is not cross protective

*Correspondence:
Sushila Maan. BVSc, AH, MVSc, PhD.

among different serotypes.® The great diversity has spread
the BTV initially only in African countries but
subsequently all parts of the globe except Antarctica.10
Bluetongue outbreaks have been more commonly seen
in southern states (Andhra Pradesh, Tamil Naduy,
Karnataka etc.) of peninsular India after the first incidence
of BT in Maharashtra in 1964.1011 Different serotypes and
exotic BTV strains have been found circulating in host
animal population in the peninsular region.’-18 Northern
states of India like Haryana, Rajasthan, Himachal Pradesh
etc. were found to be serologically positive along with very
few isolations of BTV.19-21 [n Haryana, two BTV serotypes -
1 and -4 were isolated in the past.2223 However, there were
serological evidences of BTV-2, -8, -12 and -16.24 Recently,
BTV-12 and Peste des petits ruminants virus (PPRV) have
been detected as a co-infection in sheep and goats in
Haryana, thereby, concerning the need to investigate BTV
epidemiology in the state.! The present study reported the
detection of BTV-12 and BTV-16 in same sample from
sheep in Sirsa district of Haryana by conventional and real
time reverse transcription polymerase chain reaction (RT-
PCR) along with phylogenetic sequence analysis. This was
the first report of BTV-16 isolation from sheep in Haryana.

Department of Animal Biotechnology, College of Veterinary Sciences, Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar, India

E-mail: sushilamaan105@luvas.edu.in

@ @ This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)
which allows users to read, copy, distribute and make derivative works for non-commercial purposes from the material, as long as

the author of the original work is cited properly.



636 A. Dalal et al. Veterinary Research Forum. 2023; 14 (12) 635 - 641

Materials and Methods

A total number of 33 blood samples were collected
from BT suspected sheep and goats from Sirsa district of
Haryana in January 2016. Blood samples were taken in
vacutainers from jugular vein of animals and transported
on ice maintaining cold chain to laboratory. Blood samples
(500 pL) were used for viral RNA extraction by QIlAamp
Viral RNA Mini Kit (Qiagen, Hilden, Germany) according to
the manufacturers’ instructions. The extracted viral RNAs
were used for real time PCR for Seg-1, Seg-9 and Seg-10 for
initial detection of BTV.222526

The BTV positive samples were passaged in KC
(Culicoides sonorensis, insect) and baby hamster kidney-21
(BHK-21 clone 13 mammalian) cell lines to increase the
titer of virus. Briefly, the blood samples containing red
blood cell, collected from BT suspected sheep were
washed thrice with phosphate-buffered saline (PBS; pH=
7.20) and lysed in sterile distilled water. The blood cell
lysate was pelleted, resuspended in PBS, passed through
0.22 pm millipore filter and 500 pL suspension was
inoculated in KC cell line. The cells were kept in incubation
for a period of 10 days at 26.00 °C. Supernatant along with
infected KC cells (0.50 mL) were inoculated in BHK-21
70.00 - 80.00 % confluent cell sheet in 25.00 cm? tissue
culture flask or 1.00 mL inoculum/ 75.00 cm? flask after
decanting the growth medium and one wash with sterile
PBS. Maintenance medium of 6.00 mL per 25.00 cm? or
15.00 mL per 75.00 cm? tissue culture flask was added
after 1 hr of incubation at 37.00 °C. The cells were
incubated at 37.00 °C and 5.00 % CO2 until appearance of
characteristic cytopathic effects (CPE) as ballooning of
cells, cells aggregation or clustering. Cultures were grown
till the CPE produced by virus covered 70.00 - 80.00%
surface tissue culture flasks or complete detachment of cell
sheet. The virus was harvested after appearance of >
75.00% cytopathic effects in BHK-21 cells and viral RNA
was Trizol extracted with LiClz precipitation method.26
Briefly, 0.50 mL of cell culture grown virus was taken in a
2.00 mL Eppendorf tube and treated with equal volume of
TRIzol followed by immediate vigorous vortexing to avoid
formation of insoluble aggregates. Then, 0.10 mL of
chloroform was added and vortexed vigorously. The
mixture was kept for 15 min on ice for proper lysis of cells
and centrifuged (2-16KL; Sigma, Osterode am Harz,
Germany) at 13,201 g for 15 min. The aqueous phase was
then separated in a 1.50 mL eppendorf tube without
disturbing the inter phase and organic phase. Equal
volume of isopropanol was added to the tube, inverted 4 -
5 times and kept at - 20.00 °C overnight. Next day, the RNA
was pelleted by centrifugation at 13,201 g for 20 min and
supernatant discarded. After washing two times with
1.00 mL of 70.00% chilled ethanol (to remove excess
salts), RNA was pelleted by centrifugation at 13,201 g
for 10 min and air dried. Pellet was directly dissolved in

nuclease free water (NFW) by gentle tapping followed
by quick spinning.

The resuspended RNA was further treated for Lithium
chloride precipitation. For that, 100 pL of 4.00 M Lithium
chloride was added and it was incubated at 4.00 °C
overnight. Next day, it was centrifuged at 13,201 g for 5
min to pellet single-stranded RNA (ssRNA). Supernatant
having dsRNA was collected in another centrifuge tube. To
this, 200 pL of isopropanol and 50.00 pL of 7.50 M
ammonium acetate were added and incubated at - 20.00
°C for 2 hr. The viral dsRNA was pelleted by centrifugation
at 13,201 g for 10 min. The pellet was washed with 1.00
mL 70.00% ethanol and dsRNA was repelleted by
centrifugation at 13,201 g for 10 min. The supernatant was
discarded, pellet air dried, dissolved in 50.00 pL. NFW and
stored at - 20.00 °C. The extracted viral RNA was treated
with S-1 nuclease for 45 min at 25 °C and DNAse for 15
min at room temperature to remove all the contaminating
ssRNA or DNA.

Extracted viral dsSRNAs were used in real time RT-PCR
for Seg-2 of Indian panel of BTV serotypes to detect the
BTV serotype involved”.2527.28 and further confirmed by
PCR amplification in four overlapping products of Seg-2
and Seg-6 of the BTV serotypes with published primer
sequences.}2529 The amplified products were analyzed in
1.00% agarose gel, PCR purified (Qiagen PCR purification
kit) and sequenced by Applied Biosystems ABI capillary
sequencer 3130 using a BigDye cycle sequencing kit
(Thermo Fisher Scientific, San Jose, USA).

Results

Out of 33 samples, 15 were found positive by real time
RT-PCR with cycle threshold value ranging 19.30 to 31.00.
On serotyping by real time PCR using Seg-2 specific primers
of Indian panel of BTV serotypes, out of 15 samples, one
sample IND2016/98 from sheep was positive for BTV-12
and BTV-16. The serotypes BTV-12 and BTV-16 were
confirmed by conventional RT-PCR in which desirable size
four products respective to BTV serotypes (Fig. 1) were
observed that is for BTV-12 Product A (1,133 bp), Product
B (681 bp), Product C (847 bp) and Product D (800 bp)
and for BTV-16 Product A (1,214 bp), Product B (1,044
bp), Product C (918 bp) and Product D (851 bp).

The PCR amplified and purified products of Seg-2 of
IND2016/98 were sequenced and phylogenetically
analyzed. The sequences of Seg-2 of this isolate (Accession
No. ON692402 and ON675589) were found to be clustered
within nucleotype G along with reference BTV-12
(RSArrrr/A]585133) and BTV-22 (RSArrrr/A]585143) of
South Africa confirming the serotype BTV-12 infection and
in nucleotype B along with BTV-16 (RSArrr/AJ685137),
BTV-13 (RSArrrr/AJ134), and BTV-3 (RSArrrr/AJ124)
reference strains of South Africa confirming presence of
BTV-16 serotype, respectively (Fig. 2).
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Fig. 1. A) Conventional polymerase chain reaction amplified and
purified products of Seg-2 of IND2016/98 isolate (BTV-12). Lane
M: 1 kbp DNA ladder, Lane 1: Product A (1,133bp), Lane 2:
Product B (681bp), Lane 3: Product C (847bp) and Lane 4:
Product D (800bp) and B) Conventional polymerase chain
reaction amplified and purified products of Seg-6 of IND2016/98
isolate (BTV-16). Lane M: 100 bp DNA ladder, Lane 1: Product A
(1214 bp), Lane 2: Product B (1044 bp), Lane 3: Product C (918
bp) and Lane 4: Product D (851bp).

The BTV Seg-2 encodes a major immuno-dominant,
outer capsid protein 1 i.e. VP2 which determines the virus
serotype. Phylogenetic analysis via tree topology of Seg-2
of IND2016/98 (Accession No. ON692402) indicated its
distribution under the nucleotype G, distinctly rooted from
rest of 11 nucleotypes confirming the serotype of isolates
as BTV-12.%5 It showed 99.40% nucleotide (nt) identity
with BTV-12 isolate NM01/11(KC662613) from India;
96.40 - 96.60% nt identity with BTV-12 isolate ON90-2
from Japan; 97.00% nt identity with BTV-12 isolate
(AJ585185.1) from Kenya; 97.10% nt identity BTV-12
isolate RSArrrr/12 (AJ585133.1) from South Africa.
However, with a western topotype BTV-12 isolate 75,005
(JX272500.1), it showed 97.20 - 97.50% nt identity. This
feature might have some significance regarding the
origin of BTV Seg-2 from western topotypes. Similar
pattern of inter-relationship was noted in Seg-2 sequence
analysis of NM01/11.30

The Seg-2 sequence (Accession No. ON675589) based
phylogenetic anlaysis grouped IND2016/98 isolate within

nucleotype B along with other BTV-3, -13 and other
previously published BTV-16 isolates from southern India.
Nucleotide identity pattern of Seg-2 of IND2016/98 BTV-
16 isolate was 99.40% with BTV16IND2010-AP06
(KP339205.1) and 99.30% with BTV16IND2011-NR82
(KP339215.1) published BTV-16 sequences from southern
India, highlighting the origin of Seg-2 of the isolate from
eastern topotype.22:30

The BTV genome segment-6 encoding a structural
protein VP5, a minor outer capsid protein being involved
in antibody neutralization reaction, is another serotype
determining segment along with segment-2. However, it is
less variable compared to segment-2 and there are
similarities in some serotypes. So, it is less frequently used
to determine the serotypes of BTV. On phylogenetic and
sequence analysis of Seg-6 the BTV isolate IND2016/98, in
tree topology was found to be grouped with nucleotype E
for BTV-12 along with BTV-22 and with nucleotype B for
BTV-16 along with BTV-21, -3 and others BTV-16
published sequences (Fig. 3).

Briefly, the isolate Seg-6 sequence (Accession No.
ON692403) gave 99.10 - 99.40% nt identity with BTV-12
isolate NMO1/11 (KC662617.1) from India; 96.20 -
96.70% nt identity with BTV-12 isolate ONO90-2
(AB686230.1) from Japan; 98.00% nt identity with BTV-
12 isolate (AJ586712.1) from Kenya; 97.50 - 97.90% nt
identity BTV-12 isolate RSArrrr (A]586711.1) from South
Africa. However, with a western topotype BTV-12 isolate
75,005 (JX272504.1), the isolate demonstrated 97.50 -
97.80% nt identity. Similar to Seg-2, this feature was quite
strange and might have some significance.

The Seg-6 sequence (Accession No. ON675588)
analysis of IND2016/98 isolate of present study also
showed 99.80% nt identity with BTV-16 isolates IND2010-
VCO07 (KP339229.1), IND2010-AP06 (KP339209.1) and
IND2011-NR82 (KP339219.1) from southern India.

Discussion

In Indian subcontinent, BT was first reported in
Pakistan in 1959, whereas, in India, with the introduction
of exotic breeds of sheep from abroad and their
subsequent cross-breeding with the native breeds, the
disease was first reported in the year 1964 in the state of
Maharashtra. The BTV is endemic in India, because of
favorable climatic conditions and density of natural host
population, which are essential for survival of Culicoides
vector and BTV. Dramatic changes in climate,
deforestation, anthropogenic factors and global warming
resulted in emergence of novel BTV serotypes outbreaks
with variable pathology, which warns the livestock rearing
community and arboviral researchers. At present, 23 out
of 28 BTV serotypes have been found to be prevalent in
the geo-ecological regions of India which were detected
either on the basis of virus isolation or serology.1113.17.31-33
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Fig. 2. Unrooted neighbour joining tree for Seg-2 of bluetongue virus (BTV) isolates showing relationships of BTV isolate IND2016/98
from Haryana with those of global isolates. The tree was generated with MEGA Software (version 6.0; Biodesign Institute, Tempe, USA)
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Fig. 3. Unrooted neighbour joining tree for Seg-6 of bluetongue virus (BTV) isolates showing relationships of BTV isolate IND2016/98
from Haryana with those of global isolates. The tree was generated with MEGA Software using default parameters.
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Previously, BT had been more frequently reported in
the southern states of Andhra Pradesh, Karnataka and
Tamil Nadu, very severe during 2004 - 2006. The BTV-10
was reported for the first time in the east of India, in
Kolkata during 2004, although there were no reports of BT
in the north-eastern states.31.32 Recently, BT has also been
reported from northern state Haryana as a co-infection
with PPRV.1! [n past, only two BTV serotypes were
isolated namely BTV-1 and BTV-4.1923 However, sero-
logical evidence of BTV-2, -8, -12 and -16 from Haryana
has been reported earlier.3!

Previously, dual infection of BTV-2 and -5 in Karnataka
has been reported in sheep.3* During sequence analysis by
phylogenetic tree construction, Seg-2 of BTV-2 serotype
was found to be of eastern origin and that of BTV-5 of
western origin. Similarly, the findings of the present study
supported the origin of Seg-2 of BTV-12 to be western and
that of BTV-16 to be eastern topotype. The first isolation
and second complete genome sequencing of BTV-12,
NMO1/11 (KC662612-KC662621) was reported from
Andhra Pradesh30 after a Taiwan BTV-12 whole genome
sequence.® Serologically, anti-BTV-12 antibodies have
been reported in sheep and cattle from Andhra Pradesh,
Gujarat and Haryana.3! However, there have been no
reports about existence of eastern topotype for BTV-12
serotype. The Asian and African isolates are closely related
and it has been speculated that these isolates of BTV-12
have a recent common ancestry. The isolate IND2016/98
in the present study gave 99.40% nt identity with BTV-12,
NMO1/11 (KC662612-KC662621) from Andhra Pradesh,
signifying the movement of virus from southern to
northern India (Haryana) in small ruminants.

The BTV-16 serotype was reported for the first time
from Maharashtra in 1967, 1970 and 1973 and Himachal
Pradesh in 1973.1924 During the period of 2006 to 2011,
BTV-16 was found to be involved in most of the outbreaks
reported from different parts of southern peninsular India
i.e., Andhra Pradesh, Tamil Nadu and Karnataka. Several
isolates were obtained and a few were characterized
genetically.3135> Although western topotype of BTV-16 has
been reported recently,3¢ all BTV-16 isolates from Asia and
Europe belong to eastern topotype.l! Kumar et al
sequenced a reassortant BTV-16 from Tamil Nadu, south
India where except seg-5, all the genome segments of BTV
were of eastern topotype in origin.2® The present study
also governed the same pattern of prevalence of BTV-16
from Haryana as that of southern India isolates. All
segments of the isolate of present study showed 99.30 -
99.80% identity with already published sequences of BTV-
16 isolates IND2010-VCO07, IND2010-AP06, and IND2011-
NR82 from southern states of India. Therefore, it could be
said that reassortant strains of BTV-16 with nine segments
from eastern lineage and one (Seg-5) from western lineage
are circulating in India. A very high sequence identity in all
genome segments of BTV-16 strains from southern states

of India and the strains studied here from northern state of
India (Haryana) showed that same virus is circulating
probably via movements of nomadic animal which may be
subclinically infected with BTV.

The above data signified the potential of different BTV
serotypes to co-infect the same host. The presence of
mixed serotypes in individual sample and cell culture
recovered BTV isolates has also been reported
previously.3738 This may be due to the co-circulation of
multiple serotypes in BTV endemic areas. Not only dual
infection but involvement of three serotypes (BTV-4, -9
and -16) in an outbreak were reported in Greece during
1999.39 The spread of BTV serotypes to new geographical
areas (southern to northern India) has occurred due to the
movement of carrier or reservoir or subclinically infected
host animals or insect vectors, in addition to illegal
importation of live animals, embryos or semen or use of
imported live vaccines from South Africa and /or USA.

Continuous sero-surveillance programs are needed to
monitor the endemicity, emerging and re-emerging status
of BTV serotypes in India. This will help to identify the
most commonly circulating serotypes in endemic areas,
which will be utilized for development of multivalent
vaccines leading to control and eradication of BTV.
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