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virus among bats at North-East region of India; Tioman virus (TioV), a new member of the Paramyxoviridae family
was isolated from tissues of Pteropus giganteus bats for the first time in India. This isolate was identified and con-
firmed by RT-PCR, sequence analysis and electron microscopy. A range of vertebrate cell lines were shown to be
susceptible to Tioman virus. Negative electron microscopy study revealed the “herringbone” morphology of the

Keywords: . . R . L. .
Tioman virus nucleocapsid filaments and enveloped particles with distinct envelope projections a characteristic of the
Pteropus Paramyxoviridae family. Sequence analysis of Nucleocapsid gene of TioV demonstrated sequence identity of

Bat 99.87% and 99.99% nucleotide and amino acid respectively with of TioV strain isolated in Malaysia, 2001. This
Paramyxovirus report demonstrates the first isolation of Tioman virus from a region where Nipah virus activity has been noticed
Nucleocapsid gene in the past and recent years. Bat-borne viruses have become serious concern world-wide. A Survey of bats for
PCR novel viruses in this region would help in recognizing emerging viruses and combating diseases caused by them.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Bat-borne viruses are considered to be important emerging viruses,
as they can pose a serious threat to human and animal health.
Henipaviruses, coronaviruses, filoviruses and rabies-causing
lyssaviruses are all transmissible from bats to humans. Bats are primary
reservoir host and often the resulting human disease is fatal. They are
known to harbor more zoonotic viruses per species than rodents and
recognized as a significant source of zoonotic agents (Newman et al.,
2011; Calisher et al., 2006; Mackenzie et al., 2003; Pavri et al., 1971;
Mourya et al., 2014; Raut et al., 2012; Wynne and Wang, 2013).

Old World fruit bats of the family Pteropodidae, particularly species
belonging to the genus Pteropus, have been considered as natural hosts
for a large number of emerging viruses, especially of the family
Paramyxoviridae (Calisher et al., 2006). Due to special characteristics,
Pteropus bats are the perfect reservoir for most of the recently emerging
zoonotic pathogens. They often live in large colonies or roosts and travel
long distances; thus they are very effective in transmitting viruses
among colony members and disseminating them over a considerable dis-
tance. Interactions among bats, humans and livestock are constantly in-
creasing due to anthropogenic activities, thereby increasing the
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potential for transmission of viruses. Deforestation in tropical areas
destroyed the natural habitats of these fruit bat species thus forcing
them to live in the vicinity of human settlements. The resulting close con-
tact is responsible for the emergence of highly pathogenic paramyxovi-
ruses, like Hendra and Nipah virus (NiV) in human populations in
Southeast Asia and Australia (Mackenzie et al., 2003).

Paramyxoviridae is a family of viruses that comprises important
pathogens like Nipah virus, Measles virus, Human parainfluenza virus
type 3 and Human respiratory syncytial virus (Aguilar and Lee, 2011).
While investigating NiV in urine samples of giant fruit bats of the
Pteropus genus on Tioman Island, Malaysia, in 2001, researchers isolated
a novel virus which was placed in the Rubulavirus genus of the
Paramyxoviridae family. The virus was named as Tioman virus (TioV)
after the place of isolation from Malaysia (Chua et al,, 2001).

In this communication, we report the isolation and confirmation of a
Tioman virus isolated from Pteropus species of bats from North-East re-
gion of India.

2. Materials and methods
2.1. Ethics statement

The Scientific Advisory Committee, Institutional Biosafety Commit-
tee, and Institutional Animal Ethical Committee of National Institute of
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Vero CCL81 cell control

Vero CCL81 cells
infected with TiOV

Fig. 1. Tioman virus propagation and cytopathic effects in Vero CCL-81 cells at different post infection days (PID).

Virology, Pune, India has approved this study. The Institute follows the
guideline of Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), Government of India, New Delhi.
Prior permission for capturing bat was obtained from the Chief Conser-
vators of Forests of West Bengal and Assam State.

2.2. Study area

To determine the presence of NiV in Pteropus bats, a survey was con-
ducted in two states of North-East region, India i.e. West Bengal and
Assam states that share boundaries with Bangladesh. The criteria for se-
lection of the study areas were based on earlier reports of a NiV seropos-
itive bat from the Myanaguri area in West Bengal and confirmed human

cases from Siliguri and Nadia districts of West Bengal and roosting areas
of Pteropus bats (Yadav et al., 2012; Chadha et al., 2006).

2.3. Bat capturing and sample processing in the field

Sixty-eight Pteropus bats were collected from Jalpaiguri (n = 8) and
Cooch Behar (n = 39) districts of West Bengal and Dhubri district (n =
21) of Assam on two occasions from March to May 2015. Mist nets were
used to capture the bats. After capturing the bats, species identification
and morphometry was done. Further, the bats were euthanized and
necropsies were performed in the field following proper biosafety mea-
sures. Blood, organs (kidney, liver, and spleen), throat swabs, rectal
swabs and urine samples were collected from bats. Waste disposal
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Fig. 2. Representative transmission electron micrograph of Tioman virus showing typical
Paramyxoviridae morphology. The classic “herringbone” (HB) structures and envelope
projections can be seen.

was done following guidelines and proper precautionary measures.
Organ specimens were frozen in liquid nitrogen immediately after nec-
ropsy, while blood samples were kept at room temperature for 30 min
and Centrifuged for 10 min at approximately 1000 g. Separated serum
was aliquoted into labeled cryovials. Vials of serum were transported
at +4 °C in Styrofoam box to National Institute of Virology (NIV),
Pune, for further investigation.

2.4. Virus isolation from bat tissue specimens

Liver/spleen and kidney tissues of 68 bats were homogenized in
sterile Minimum Essential Medium (MEM; Gibco) using a homogenizer
(GenoGrinder 2000; BT&C Inc., Lebanon, NJ, USA). Further, tissue ho-
mogenates were centrifuged at 5000 rpm for 10 min, and 0.1 mL of
the supernatants was inoculated on to monolayers of Vero CCL-81 cells
grown in 24-well cell culture plates after removing the growth medium.
The cells were incubated for 1 h at 37 °C to allow virus adsorption, with
rocking every 10 min for uniform virus distribution. After the incuba-
tion, the inoculum was removed and the cells were washed with 1x
Phosphate buffer saline (PBS). Finally MEM supplemented with 2%
Fetal bovine serum (FBS) was added to each well. The cultures were in-
cubated further in 5% CO, incubator at 37 °C and observed daily for cy-
topathic effects (CPE) under an inverted microscope. Cultures that
showed CPE were harvested and the suspension was centrifuged at
5000 rpm for 30 min at 4 °C; the supernatants were processed immedi-
ately or stored at — 86 °Cin 1 mL aliquots. Viral RNA was extracted using
Tripure reagent and RNA extraction kit (Qiagen, Valencia, CA, USA) as
per the manufacturer's instruction. Virus isolations were also attempted
with other specimens of bats (throat and rectal swabs, urine), following
the same protocol (Chua et al., 2002).

2.5. Electron microscopy

Cell culture supernatants and pellets of Vero CCL-81 infected cells
showing distinct CPE were examined by negative-stain transmission
electron microscopy (TEM) as described previously (Brenner and
Horne, 1959; Gangodkar et al., 2010).

2.6. Confirmation of novel virus isolate by RT-PCR and sequencing

To identify the virus isolate, various diagnostic tests were undertak-
en targeting NiV and genus Paramyxovirus using specific primers by RT-
PCR (Guillaume et al., 2004; Tong et al., 2008). Further, the isolates were
screened by RT-PCR using primers targeting the nucleocapsid gene and
phosphoprotein gene of paramyxoviruses, as described earlier (Chua et
al,, 2001). Amplified products were further sequenced targeting nucleo-
capsid and phosphoprotein gene. The sequences obtained by sequenc-
ing were curated using Sequencher 5.0 (Gene Codes Corporation, Ann
Arbor, MI, USA) version software. The curated sequences were aligned
using Clustal W (EMBL-EBI, Cambridgeshire, UK), and a phylogenetic
tree was constructed using the neighbor-joining algorithm (Kimura 2-
parameter model) with 500-bootstrap replicates as implemented by
Mega v 6.0 software (Tamura et al., 2007).

2.7. Susceptibility of different vertebrate cell lines to TioV

In order to study susceptibility of different vertebrate cells to TioV,
the infectious virus titer was determined by estimating 50% tissue cul-
ture infective dose (TCIDso) using Reed and Muench method (Reed
and Muench, 1938). Four vertebrate cell lines Vero E-6 cells, Pipistrellus
ceylonicus Bat Embryo cells, Baby Hamster Kidney-21 (BHK-21) and
Madine Darbey Canine Kidney (MDCK) cells were used for virus infec-
tion. The 70-80% confluent monolayer of the cells was infected with
10 multiplicity of infection (m.o.i) virus and observed for seven post-in-
fection days. The methodology of cell infection by the virus was similar
as mentioned above in Section 2.4. Two passages of the virus were made
in all cell lines in order to confirm the susceptibility of the cells. All the
cells were studied for susceptibility based on CPE and further confirmed
using Real-Time RT-PCR.

2.8. Studies on Tioman virus growth in embryonated chicken eggs

To explore the possibility of propagation in embryonated chicken
eggs, 0.2 mL of Vero CCL-81 grown TioV was inoculated in the allantoic
cavities of 10-day-old embryonated White-leghorn chicken eggs. The
eggs were incubated at 37 °C for 5 days and were observed for sluggish-
ness and mortality after every 24 h. Allantoic fluids from infected eggs
were harvested after 5 days of incubation and stored at — 86 °C. First
blind passage was performed and allantoic fluid was tested for Tioman
virus by Real-time RT-PCR.

3. Results
3.1. Isolation of virus from a Pteropus giganteus bat

Cytopathic effect was (CPE) observed in Vero CCL-81cells inoculated
with a kidney tissue homogenate of P. giganteus bat (NIVAN159672).
The characteristics of CPE included cell fusion and formation of syncy-
tium with aggregation of the nucleolus. CPE was prominent on post-in-
fection-day 3 and cell detachment was observed on days post-infection-
4 (DPI) (Isolation dated 21st April 2015) (Fig. 1). The supernatant was
tested by PCR, sequencing and electron microscopy for identification
of the suspected virus isolate.

3.2. Electron microscopy

Negative contrast electron microscopy of the cell supernatant of Vero
CCL-81 infected with virus isolate showed the presence of virus particles
with the typical paramyxovirus morphology. The “herringbone” mor-
phology of the nucleocapsid filaments, a characteristic of the
Paramyxoviridae family, was clearly visible (Fig. 2). Distinct enveloped

Fig. 3. Phylogenetic tree of Tioman virus from Pteropus giganteus bat from India and other reported TiV and paramyxoviruses from GenBank using Neighbor joining method with 1000

bootstrap replicates for nucleocapsid gene (A); and phosphoprotein gene (B).
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paramyxovirus particles with envelope projections of approximately
9 nm in length were also visualized.

3.3. Characterization of the TioV isolate by RT-PCR and sequencing

Out of 68 bat sample processed, kidney samples from two bats
(NIVAN159672, NIVAN151165) were found to be positive by RT-PCR.
PCR products of 473 bp were observed for nucleocapsid gene of TioV.
Amplified products were further confirmed by sequencing partial Nu-
cleocapsid and Phosphoprotein genes of TioV (gene bank accession no.
KT601212, KT601213, KT601214. KT601215). Sequence analysis
showed 99.87% nucleotide sequence identity with both Nucleoprotein
gene and Phosphoprotein gene sequences of the Malaysian TioV isolate
respectively (Bat/2002/Genbank AF298895) (Fig. 3). Partial sequences
of TioV phosphoprotein and nucleocapsid gene revealed that TioV
strains from India and Malaysia are from one lineage, it also makes up
a clade with Menagle virus while Tuhoko, Achimota and Sosuga viruses
make up a separate clade.

3.4. Susceptibility of vertebrate cells to TioV

TioV isolated from kidney tissue homogenate of bat showed a titer of
10*61/100 pL by TCIDs in Vero CCL-81 cell line. CPE-based susceptibility
studies showed that all the studied vertebrate cell lines were susceptible
to TioV with varying productivity. CPE in Vero CCL-81 cell line became
evident by 2nd DPI and there was total degeneration of cells by 4th
DPL. Vero E-6 cells, Pipistrellus ceylonicus bat Embryo cells and BHK-21
cell line showed CPE by 5th DPIL. PS (Porcine stable cell line) cells did
not show CPE in first passage; however it showed distinct CPE at 7th
DPI in the second passage. MDCK cells showed growth of TioV with
rounding and detachment of cells within 72h post-infection. However,
susceptibility study by CPE showed that TioV grows faster in Vero CCL-
81 cells in comparison with other vertebrate cells. The study of suscep-
tibility of different vertebrate cells to TioV indicated that Vero CCL-81
cell lines are best suited for propagation of TioV. This may be useful
for viral replication studies in future.

3.5. Susceptibility of embryonated eggs to TioV

Embryonated eggs did not show any sluggishness or mortality in the
initial passage and first blind passage. Real-time RT-PCR using TioV spe-
cific primers and probe on the allantoic fluid of both the passages did
not show any virus amplification. This showed that TioV did not grow
in embryonated eggs.

4. Discussion

The present study reports the isolation of TioV from Pteropus
giganteus bat from Dhubri, Assam, India (Fig. 4); this is the second report
of TioV isolation besides Malaysia (Chua et al., 2001). TioV is antigeni-
cally related to Menangle virus (Bowden and Boyle, 2005) which is
also harbored by pteropid fruit bats; the Menangle virus caused an out-
break of fetal deformities in pigs in Australia in 1997 (Philbey et al.,
1998). All the above-named Pteropus-borne viruses group in a single
clade, which separates them from other paramyxoviruses.

The bats and flying foxes belonging to the order Chiroptera are eco-
logically remarkable. They are among the most abundant, diverse and
geographically dispersed vertebrates and are natural reservoirs for a
number of highly pathogenic zoonotic viruses. Bats are known to have
persistent viral infections at a rate higher than other mammals, possibly
due to shorter antibody half-life in these animals (Calisher et al., 2006).
Detailed studies are needed on their importance as reservoirs of viruses
and their potential to harbor important pathogen causing human and
animal diseases.

There is scanty information available regarding the hosts, reservoirs
and transmission of TioV, though direct transmission via ingestion of

1. Bat collection area ]
2. Tioman virus (TioV) isolation from bat @

Fig. 4. Geographic locations of bat collection and Tioman virus positivity in Pteropus
giganteus bat, North-East, India.

fruit by humans has been suggested (Lehle et al.,, 2007). However, bat-
to-human transmission of TioV has not yet been reported. Neutralizing
antibodies against TioV have been detected in human serum samples
from Tioman Island in Malaysia, from where the virus was first isolated
(Yaiw et al.,, 2007). TioV's estimated prevalence of 1.8% is suggestive of
its potential to cause subclinical infection in humans. Experimental
studies have shown that TioV is capable of infecting and replicating in
pigs and its main cellular targets are lymphocytes, thymic
epithelioreticular cells and the tonsillar epithelium in these animals
(Yaiw et al., 2008). Hence, pigs could act as an intermediate or amplify-
ing host for human transmission, as has happened during Menangle
Virus and NiV outbreaks (Parashar et al., 2000). During NiV outbreaks
in Malaysia, pigs played a critical role in transmitting the disease to
pig handlers by direct contact. Pig farms are a source of daily livelihood
for a large number of populations in Assam and other states like
Nagaland. The Nagaland pig production and marketing project is funded
by the National Agricultural Innovation Project with a contribution from
the International Fund for Agricultural Development and aims to devel-
op sustainable solutions to livelihood improvement in one of the
poorest districts in India. Pig farming was rampant during the year
2008 and being a good reservoir of many diseases in recent past the
number of Japanese encephalitis cases and outbreaks were increased
in these areas. Undetected mild TioV infection could occur in naturally
infected pigs and this could facilitate viral transmission to humans via
contact with oral secretions; this transmission could cause serious ill-
ness by crossing the species barrier. Therefore, the role of bats and
pigs in transmitting viruses to humans in Asia needs to be determined.
Although no evidence of TioV illness in humans or animals exists, TioV's
close relationship to other disease-causing bat paramyxoviruses, includ-
ing NiV, suggests the possibility that it too may cross the species barrier
(Bowden and Boyle, 2005).

5. Conclusions

Our study has shown the presence of TioV by highlighting its isola-
tion from Pteropus bat from Dhubri District, Assam India. The presence
of large colonies of Pteropus bats in close proximity of human settle-
ments warrants implementation of necessary steps for detection and
identification of emerging bat-borne viruses circulating in North-East
region of India.
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