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Malsoor Virus, a Novel Bat Phlebovirus, Is Closely Related to Severe
Fever with Thrombocytopenia Syndrome Virus and Heartland Virus

D. T. Mourya, P. D. Yadav, A. Basu, A. Shete, D. Y. Patil, D. Zawar, T. D. Majumdar, P. Kokate, P. Sarkale, C. G. Raut, S. M. Jadhav

Maximum Containment Laboratory, Microbial Containment Complex, National Institute of Virology, Pashan, Pune, India

During a survey in the year 2010, a novel phlebovirus was isolated from the Rousettus leschenaultii species of bats in western
India. The virus was identified by electron microscopy from infected Vero E6 cells. Phylogenic analysis of the complete genome
showed its close relation to severe fever with thrombocytopenia syndrome (SFTS) and Heartland viruses, which makes it impera-
tive to further study its natural ecology and potential as a novel emerging zoonotic virus.

lobal surveillance for emerging infectious diseases has led to

the isolation of numerous viruses from a variety of bat spe-
cies, which include pathogenic and nonpathogenic zoonotic and
arboviruses (1-4). A large number of zoonotic viruses, such as
rabies virus, Mapueravirus, Menangle and Tioman viruses, filovi-
ruses, Lake Victoria Marburg virus (MARV), and Ebola virus
(EBOV), have been isolated from bats (3, 4). Several other novel
viruses, like Catu virus, Guama virus, Nepuyo virus, Mojui dos
Campos virus (genus Orthobunyavirus), KaengKhoi virus (genus
Phlebovirus), and Bangui virus (ungrouped), have also been iso-
lated from wild caught bats (5).

After the initial confirmation of Nipah virus during an enceph-
alitis outbreak with high case fatality that occurred in Siliguri, in
northeastern India (6), surveillance for zoonotic viruses was ini-
tiated in India by the National Institute of Virology (NIV), Pune.
In this communication, we report the isolation and genetic char-
acterization of a novel phlebovirus, Malsoor virus (named after
Malsoor village), isolated from Rousettus species of bats from Ma-
habaleshwar, Maharashtra State, India.

Geographically, the study area (lat 17.9217, long 73.6556) was
in the mountain terrain of the Western Ghats that run north-
south along the western coast of India and have an average eleva-
tion of 1,353 meters. The bats were harvested and necropsies were
carried out in field laboratories under appropriate biosafety con-
ditions. Liver and spleen tissues of bats were homogenized to-
gether and used for virus isolation in Vero E6 cells as described
earlier (7, 8). Cytopathic effect (CPE) was observed in inoculated
cells on the 4th day of the 3rd passage. Typically, CPE included
rounding of cells, shrinking, and progressive cell detachment (Fig.
1). Cytopathic effect was seen in material from two different bats,
suggesting the possibility of two virus isolates, which were desig-
nated NIV 1050639 and NIV 1050650.

Cell culture supernatants of Vero E6-infected cells showing CPE
were examined by negative-staining transmission electron micros-
copy (TEM). A morphologically typical bunyavirus showing mostly
enveloped spherical virions having an average size distribution of
75 = 5 nm (Fig. 2) could be observed in both isolates. The envelope
projections were double fringed and consistent with the morphology
of the family Bunyaviridae, as described earlier (9).

Based on electron microscopy findings, genus-specific reverse
transcriptase PCRs (RT-PCRs) were carried out as described ear-
lier for Orthobunyavirus, Phlebovirus, Hantavirus, and Nairovirus
among the family Bunyaviridae (10-13). Phlebovirus-specific RT-
PCR amplified the partial S and L segments. Amplification of
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complete segments was carried out using genus-specific conserved
primers as described earlier and newly designed primers derived
from Rift Valley fever virus (RVFV) for amplification of the S gene
(SVES-A Fwd, 5'-ACA CAA AGC TCC CTA G-3', and SVFS-A
Rev, 5'-ACA CAA AGA CCC CCT AG-3’), L segment (SVFL-A
Fwd, 5'-ACA CAA AGG CGC CCA ATC-3', and SVFL-A Reyv,
5'-ACA CAA AGA CCG CCC A-3'), and M segment (SVMF,
5'-ACA CAAAGA CGGTGC-3',and SVEMR, 5'-ACA CAA AGA
CCG GTG C-3") (14, 15). Initial sequencing of the L, M, and S
genes was performed using PCR primers. Further sequences ob-
tained were used to design additional primers, and published
primers for severe fever with thrombocytopenia syndrome (SFTS)
and Heartland viruses were also used to cover the complete ge-
nome (16, 17). Cyclic sequencing, purification, and sequencing of
products were carried out at as defined earlier, using an ABI 3100
genetic analyzer (7, 8).

The nucleotide sequences obtained were edited and converted
into amino acids for determining the open reading frames (ORFs)
and molecular weights of the putative proteins (Kodon Software,
USA). Genus-specific primers amplified 3,460 nucleotides of M
segment, 6,408 nucleotides of L segment, and 1,785 nucleotides of
S segment of both phleboviruses. The L genome ORF codes for the
RNA polymerase with 2,026 amino acids (aa). The M segment
codes for the glycoprotein with 1,075 aa. The 1,785 nucleotides of
the small segment, the S segment, contained two open reading
frames in opposing orientations and coded for 243 aa of NP and
297 aa of NSs.

Phylogenetic analysis of the three segments of the two genomes
of the new isolates was performed with 975 phlebovirus sequences
available in GenBank as of August 25, 2013 (Fig. 3). Coding re-
gions of genes were aligned using MEGA version 5.2, and phylo-
genetic trees were constructed using the neighbor-joining (NJ)
algorithm. Distances were calculated using a p-distance model
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FIG 1 Susceptibility of different cell lines to Malsoor virus based on cytopathic effect (CPE) with 10X magnification. Cells were infected at a multiplicity of
infection of 10. The areas of CPE were seen as microfoci of clearing in PS cells showing cellular changes (lower left panel) and distinct rounding of RD cells
showing cellular changes on the 3rd p.i.d. (lower middle panel). There was no cytopathic effect in C6/36 cells on the 4th p.i.d. (lower right panel). The cultures
were monitored for CPE until the 7th p.i.d. The arrows and the boxes outlined in red indicate areas of CPE. The magnification bar for all photomicrographs

represents 1 pm.

with 1,000 bootstrap replicates (18). The percent nucleotide iden-
tity (PNI) and percent amino acid identity (PAI) values were cal-
culated as pairwise p-distances.

We then studied the susceptibility of different cell types from
mice and Aedes mosquitoes to the Malsoor virus isolates. Several
mammalian cell lines, baby hamster kidney (BHK-21), rhabdo-
myosarcoma (RD), porcine stable kidney (PS), Vero CCL81
clone, and Pipistrellus bat, maintained at 37°C and one mosquito
cell line (C6/36) maintained at 28°C were infected with virus at a
multiplicity of infection of 10. The cultures were monitored for
CPE until the 7th postinfection day (p.i.d.). The nature of CPE in
the Vero CCL81 cells appeared by the 4th p.i.d. as rounded and
floating cells, and the cell sheet degenerated by the 6th p.i.d. The
PS, RD, and BHK-21 cells also showed a similar CPE by the 4th
p-i.d. (Fig. 1; see also Fig. S1 in the supplemental material). Virus
growth was detected by an indirect immune fluorescence assay
(IFA) using antisera against the virus raised in mice. All the cell
lines studied except C6/36 and Pipistrellus bat cells showed evi-
dence of virus susceptibility. RT-PCR was also performed on these
infected cells (see Fig. S2, panels A and B, in the supplemental
material) using the phlebovirus-specific RT-PCR primers Phle-
bopoly 1292F (5'-GTG CTG CTG CCA ATA TGC TA-3') and

Phlebopoly 3243R (5'-ATC CCA GTT TCT GTT TGG ATG TAT-
3"), which were designed based on the L gene for detecting repli-
cation of Malsoor virus. PCR positivity with amplification of 2.0
kb was observed in all the cells except C6/36 and Pipistrellus bat
cells. The Vero CCL81 cell line infected with the Malsoor virus had
a titer of approximately 10>° 50% tissue culture infective doses
(TCIDs,)/ml on the 4th p.i.d.

The three mouse groups (0 to 1 day old) were either inoculated
with one of the virus isolates (two groups) or left uninoculated
(control group) and were observed for 15 days for sickness and
mortality. No mortality was observed in any of the groups. Anti-
sera against Malsoor virus was raised in mice as described earlier
(19).

The susceptibility of female Aedes aegypti mosquitoes (labora-
tory-reared colony in the NIV, Pune) to Malsoor virus was studied
using an earlier-described method (20, 21). No positivity was re-
corded in mosquitoes infected with virus.

Phlebovirus amplicons were sequenced, and BLAST results
suggested the highest homology with known sequences of phlebo-
viruses close to Heartland and SFTS viruses. Further, the nucleo-
tide and deduced amino acid sequences of the S, M, and L seg-
ments of Malsoor virus were compared with the corresponding

FIG 2 Representative transmission electron micrographs showing a typical negative stain showing bunyavirus particles in Vero CCL81 cells at the 4th p.i.d.. Scale
bars are integrated into the micrograph. The arrows indicate representative bunyavirus particles showing distinct envelopes.
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FIG 3 Phylogenetic analysis of N, NSs, M, and L segments of Malsoor virus. The phleboviruses and GenBank sequences used for phylogentic analysis of M, L,
and S segments are as follows: Aguacate virus (HM566137, HM566138, HM566139), Alenquer virus (HM119402, HM119401, HM119403), Arbia virus
(JX472401, JX472400, JX472402), Armero virus (HQ661806, HQ661805, HQ661807), Arumowot virus (HM566143, HM566144, HM566145), Bhanja virus
(JQ956377, JQ956376, JQ956378), Bhanja virus (JX961617, JX961616, JX961618), Bhanja virus (JX961620, JX961619, JX961621), Bhanja virus (JX961623,
JX961622, JX961624), Bhanja virus (KC521441, KC521440, KC521442), Candiru virus (NC_015373, NC_015374, NC_015375), Durania virus (HM566157,
HM566155, HM566156), Echarate virus (HM119411, HM119410, HM119412), Forecariah virus (JX961626, JX961625, JX961627), Heartland virus (JX005844,
JX005846, JX005842), Heartland virus (JX005845, JX005847, JX005843), Ixcanal virus (HM566163, HM566162, HM566161), Maldonado virus (HM119414,
HM119413, HM119415), Massilia virus (EU725772, EU725771, EU725773), Mucura virus (HM 119420, HM 119419, HM119421), Munguba virus (HM566165,
HM566164, HM566166), Palma virus (JQ956380, JQ956379, JQ956381), Palma virus (JX961629, JX961628, JX961630), phlebovirus JS24 (HQ830164,
HQ830163, HQ830165), phlebovirus WCH/97/HN/China/2011 (JQ341189, JQ341188, JQ341190), Punique virus (JF920134, JF920133, JF920135), Rift Valley
fever virus (RVFV) (DQ380186, DQ375398, DQ380180), RVFV (DQ380207, DQ375412, DQ380152), RVFV (DQ380193, DQ375430, DQ380157), RVFV
(JQ820488, JQ820485, JQ820476), RVFV (NC_014396, NC_014397, NC_014395), Salehabad virus (JX472404, JX472403, JX472405), sand fever Naples-like
virus (HM566177, HM566176, HM566178), severe fever with thrombocytopenia syndrome virus (SFTSV) (AB817989, AB817981, AB817997), SFTSV
(AB817994, AB817986, AB818002), SFTSV (KC505133, KC505132, KC505134), SFTSV HNXY 319 (KC292319, K(C292345, KC292292), Toscana virus
(JX867535, JX867534, ]X867536), and outgroup Uukuniemi virus (M33551, M17417, D10759).
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genes of previously identified phleboviruses and phylogenetic
analysis showed grouping of Malsoor virus with SFTS, Bhanja,
and Palma viruses. Importantly, it showed closer clustering with
Heartland virus and with SFTS group viruses of Japanese and Chi-
nese origins (Fig. 3).

In the past, a number of bunyaviruses have been isolated from
India. While some of these viruses, like Bhanja virus, Batai/Chit-
toor virus, Nairobi sheep disease virus (NSDV)/Ganjam virus,
Sathuperi virus, sandfly fever Naples and Sicilian viruses, Palma
virus, Ingwavuma virus, and Thottapalayam virus, have shown
serosignatures in humans and animals (22-25), the role of many
of these viruses in causing human diseases remains incompletely
understood. Importantly, human infections with Ganjam virus
have been reported in laboratory workers involved in the isolation
of this virus (26). Recently, activity of the pathogenic Crimean-
Congo hemorrhagic fever virus (CCHFV), a risk group 4 agent
responsible for human infections with high mortality, has been
documented from western India (27). Another highly pathogenic
agent, Nipah virus, a member of the genus Henipavirus, family
Paramyxoviridae, was detected from Pteropus bats in India, Cam-
bodia, and Thailand (8, 28, 29). Subsequently, China, Bangladesh,
Malaysia, and India have witnessed many outbreaks of Nipah
virus-associated encephalitis (6, 30, 31). Moreover, the demo-
graphic factors affecting a large population movement from Ban-
gladesh, which has a high level of activity of Nipah virus in areas
bordering India, brings into focus the urgent need to initiate stud-
ies on viruses present in wild bats.

Here, we describe a novel phlebovirus, named Malsoor virus
after Malsoor village, located in a region where the bats were col-
lected. Importantly, this is the first report of the isolation of a
phlebovirus from Rousettus bat species. Although this novel virus
was seen to infect several different mammalian cell types, experi-
mental studies with ticks would be important, as its close “cous-
ins,” the SFTS and Heartland viruses, are both tick borne. More-
over, this study also rationalizes the importance of coordinated
application of virology techniques like cell culture isolation and
electron microscopy in identifying novel viruses, consistent with
earlier reports (32).

The importance of this finding is further highlighted by the
close genetic relatedness of Malsoor virus with SFTS and Heart-
land viruses (16, 17), both of which have caused severe human
diseases elsewhere, which makes it imperative to further study the
host distribution, possible human exposure, and detailed ecobiol-
ogy of this novel phlebovirus in India.

Nucleotide sequence accession numbers. The GenBank ac-
cession numbers assigned to the NIV 1050639 and NIV 1050650
strains are KF186494 to KF186496 and KF186497 to KF186499 for
the S, M, and L segments.
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