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Genomic characterization, transcriptome analysis, and pathogenicity of the 
Nipah virus (Indian isolate)
Sreelekshmy Mohandasa, Anita Shetea, Prasad Sarkalea, Abhinendra Kumara, Chandrasekhar Moteb, 
and Pragya Yadava

aMaximum Containment Facility, Indian Council of Medical Research-National Institute of Virology, Pune, Maharashtra, India; bDepartment of 
Veterinary Pathology, Krantisinh Nana Patil College of Veterinary Science, Shirwal, Maharashtra, India

ABSTRACT
Nipah virus (NiV) is a high-risk pathogen which can cause fatal infections in humans. The Indian 
isolate from the 2018 outbreak in the Kerala state of India showed ~ 4% nucleotide and amino 
acid difference in comparison to the Bangladesh strains of NiV and the substitutions observed 
were mostly not present in the region of any functional significance except for the phosphopro-
tein gene. The differential expression of viral genes was observed following infection in Vero 
(ATCC® CCL−81™) and BHK−21 cells. Intraperitoneal infection in the 10–12-week-old, Syrian 
hamster model induced dose dependant multisystemic disease characterized by prominent 
vascular lesions in lungs, brain, kidney and extra vascular lesions in brain and lungs. 
Congestion, haemorrhages, inflammatory cell infiltration, thrombosis and rarely endothelial syn-
citial cell formation were seen in the blood vessels. Intranasal infection resulted in respiratory tract 
infection characterised by pneumonia. The model showed disease characteristics resembling the 
human NiV infection except that of myocarditis similar to that reported by NiV-Malaysia and NiV- 
Bangladesh isolates in hamster model. The variation observed in the genome of the Indian isolate 
at the amino acid levels should be explored further for any functional significance.
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Introduction

Nipah virus (NiV) was first discovered during an ence-
phalitis outbreak in the state of Perak, Malaysia in 1998 
in pig farmers [1,2]. The disease was later reported 
from other states of Malaysia and countries like 
Singapore, Bangladesh, Philippines and India [1,3–6]. 
The virus belongs to the genus Henipavirus of family 
Paramyxoviridae. In India, the NiV outbreak has been 
reported from two geographically distant regions i.e., 
from the West Bengal state bordering Bangladesh and 
Kerala state which is in the southern part of the country 
[7–9]. The outbreaks reported from Silguri (2001), 
Nadia (2007) and Kozhikode, Kerala (2018), in India 
have shown very high fatality rate [4,7,9].

The NiV genome encodes for six structural proteins 
i.e., the nucleocapsid (N), phosphoprotein (P), matrix 
(M), fusion (F), glycoprotein (G) and polymerase (L); 
and three accessory proteins i.e., C, V and W. The 
genomic studies have shown the NiV strains identified 
from the Malaysia (NiV-M) and Bangladesh (NiV-B) 
shows about ~ 9% nucleotide difference in their gen-
omes suggesting evolution of the virus in the local 

animal reservoirs in the outbreak areas [10]. Genetic 
analysis of the NiV sequences from India i.e. the West 
Bengal and Kerala states showed it to be sub clustering 
within the NiV-B clade. The later was proposed to be 
a separate genotype as “I” [9,11]. Many amino acid 
substitutions were observed in the viral structural and 
non-structural proteins especially the P gene products 
of NiV-B isolates which are linked to the regulation of 
host immune response and virulence [12,13].

The phenotypic characteristics of NiV-M and NiV- 
B strains also differed in terms of incubation period, 
fatality rate, transmission pattern and symptoms 
[1,2,14,15]. Systemic vasculitis was reported from 
NiV human cases in Malaysia whereas such reports 
are not available from Bangladesh outbreaks [16]. 
Acute respiratory distress, myocarditis and encephali-
tis were the reported clinical findings from the Kerala 
outbreak and the autopsy of a deceased patient 
revealed lung involvement with vasculitis [17,18]. 
Multiple animal models have been described for NiV 
and Golden Syrian hamsters appears to be a promising 
model [19–21].
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The NiV isolate sequences from Bangladesh showed 
marked heterogeneity [14]. Till date all the pathogeni-
city studies using the Bangladesh isolates in animal 
model have used a 2004 NiV-B (Rajbari) isolate [20– 
22]. Here we have used NiV isolate obtained from 
a patient during the Kerala outbreak of 2018 from 
India which caused about 90% case fatality rate for 
studying the genomic characteristics, transcription pat-
tern and disease characteristics in hamster model.

Materials and methods

Ethics statement

All the animal experiments were performed in the 
Biosafety Level (BSL) −4 facility of the Indian Council 
of Medical Research-National Institute of Virology 
(ICMR-NIV), Pune. The experiments were approved 
by the Institutional Animal Ethics committee 
(Approval no. IAEC/2019/MCL/10) and were per-
formed as per the guidelines of Committee for 
Control and Supervision of Experiments on Animals 
(CCSEA), Government of India.

Virus and cells

NiV isolated from the throat swab sample of a patient 
during the 2018 outbreak in Kerala state, India was 
used [11]. The isolate (Accession no.: MH523642.1) 
was passaged four times in Vero (ATCC® CCL−81™) 
cells (ATCC, USA) and the titre of the virus was 1.4 ×  
106 median Tissue Culture Infectious Dose (TCID50)/ 
millilitre (ml). The isolate was further sequence verified 
using Mega 7.2 software.

To understand the NiV growth kinetics, Vero 
(ATCC® CCL−81™) cells (ATCC, USA) in confluent 
six well plates were infected with 0.1 mutiplicity of 
infection (MOI). The plates were incubated for 
an hour at 37°C in a CO2 incubator. After one hour, 
the cells were washed with 1× PBS and were incubated 
with 2% foetal bovine serum supplemented minimal 
essential media (MEM) at 37°C. The cell culture super-
natant was collected at 24-hour intervals and were 
titrated in Vero (ATCC® CCL−81™) cells and titres 
were determined by the Reed and Muench method.

Transcriptome analysis

Vero (ATCC® CCL−81™) cells and baby hamster kidney 
cells (BHK−21) seeded in 6-well tissue culture plates 
were infected with NiV (1.4 × 105 TCID50/100 µL, 0.1 
MOI). Supernatants and cells were harvested at 1 hour 
(h), 24 h, 40 h, 48 h, and 72 h after infection. 

Supernatants treated with RNase A (10 µg/ml) for 1 h 
at 37°C were used as a control. Total RNA was 
extracted using the Tripure method followed by col-
umn purification with a Qiagen viral RNA extraction 
kit. Poly-A-containing mRNAs were purified from total 
RNA using oligo-dT beads provided in the Illumina 
TruSeq Stranded mRNA LT Sample Preparation Kit. 
cDNA libraries were prepared and sequenced using the 
Illumina MiniSeq platform using the mid-output car-
tridge (300 cycles, 150 × 2 paired-end sequencings).

Total reads from both the cell lines were mapped 
with the reference genome (accession number: 
AY988601). Transcription of each gene was quantified 
using the reads per kilobase million (RPKM) method 
for each time point [23]. Read coverage and RPKM 
values were determined using CLC Genomics 
Workbench Software (version 11, Qiagen 
Bioinformatics).

Lethal dose 50 (LD50) determination

For the experiments, female Golden Syrian hamsters 
(Mesocricetus auratus) of 10–12-week-old age procured 
from a CCSEA approved facility were used. The ani-
mals were housed in individually ventilated cages in the 
containment facility with ad libitum access to food and 
water. The hamsters were randomly assigned to four-
teen experimental groups (n = 5 hamsters/group) after 
a week period of acclimatization in the facility. Six virus 
dilutions ranging from 1.4 × 106 to 1.4 × 10° TCID50/ 
ml dose were used for LD50 determination. For the 
intraperitoneal LD50, five hamsters each were infected 
with 0.5 ml of virus doses through intraperitoneal route 
under isoflurane anaesthesia. A group of five hamsters 
were kept as uninfected control. For the LD50 assess-
ment by intranasal route, 0.1 ml of NiV was used with 
same virus dilutions as used for the intraperitoneal and 
one group was kept as control after mock infection with 
0.1 ml sterile media. The animals were monitored twice 
daily for a period of 28 days. Lethal dose 50 was calcu-
lated by Reed and Muench method considering death 
and more than 15% body weight loss as endpoints. 
The percent survival was plotted for the intraperitoneal 
and intranasal LD50 studies with the number of ani-
mals which survived the infection with < 15% or with-
out weight loss.

Pathogenicity experiments

Thirty Syrian hamsters of 10–12 weeks of age were 
used. Twenty-five hamsters were infected with 7 × 105 

TCID50 virus dose (100 × LD50 dose) intraperitone-
ally and four hamsters each were sequentially sampled 
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and euthanized on day 1,3,5,7, and 9 days post infec-
tion. Blood, throat swab, nasal wash, conjunctival 
swab, and rectal swab were collected from animals 
before euthanasia. All the visceral organs and brain 
samples were collected after necropsy for viral RNA/ 
viral load estimation, cytokine estimation as well as 
for histopathology. For intranasal pathogenicity 
assessment, fifteen Syrian hamsters were infected 
intranasally with a dose of 1.4 × 105 TCID50. Four 
animals each were euthanized on day 3, 5, and 7 to 
collect the throat swab, nasal wash, rectal swab, blood 
and organs for viral RNA load and histopathology. 
Five animals were kept as uninfected control for 
both the experiments.

Real time quantitative PCR (RT-qPCR)

The samples (serum/swab/tissue homogenate) in lysis 
buffer were transferred to the BSL−2 facility for RNA 
extraction. The extraction was performed using 
Magmax Viral RNA isolation kit (Thermoscientific, 
USA) and RT-qPCR was performed using published 
primers for NiV N gene as described earlier [24]. For 
cytokine and chemokine mRNA (IL−1, IL−4, IL−6, IL 
−10, IL−12 and IFN-γ) quantification, published pri-
mers were used [25]. The RNA concentrations of the 
samples were adjusted as that of the uninfected control 
animal samples and relative quantification were per-
formed. HPRT gene was used as an internal control. 
The fold change was calculated based on delta-delta Ct 
method.

Anti-NiV hamster immunoglobulin G ELISA

The detection was performed using an in-house devel-
oped enzyme linked immunosorbent assay (ELISA) 
using gamma irradiated (24 KGy irradiation dose) 
Nipah virus whole antigen. Four rows of the ELISA 
plates were coated with inactivated NiV antigen and 
four rows with normal Vero (ATCC® CCL−81™) cell 
lysate as negative antigen. After overnight coating at 
4°C, liquid plate sealer (Candor, USA) was used to 
block the wells. After washing the plates, 100 µl of 
hamster serum samples were added to both positive 
and negative antigen wells in 1: 100 dilutions. The 
plates were incubated at 37°C for one hour followed 
by washing using the wash buffer. Anti-hamster IgG 
Horseradish Peroxidase antibodies (1:3000 dilution) 
were added and incubated for 60 minutes at 37°C. 
3,3′,5,5′-Tetramethylbenzidine substrate was added 
and incubated for 10 minutes for colour development 
and the reaction was terminated and plates were read at 
450 nm.

Virus titration

Tenfold dilution of the samples was added to Vero 
(ATCC® CCL−81™) cell monolayers and incubated for 
1 hour at 37°C. After removing the inoculum, the 
media containing 2× carboxymethyl cellulose in MEM 
was used and incubated for 5 days. The media was 
decanted and the plates were counted for plaques. The 
titre was determined by Reed and Muench method and 
was expressed as TCID50/ml.

Histopathology

The organ samples were fixed in 10% neutral buffered 
formalin and were processed by routine techniques for 
Haematoxylin and Eosin staining as described earlier 
[26]. The slides were blindly screened and evaluated by 
two pathologists.

Results

Genome characterization

The nucleotide and amino acid identity of the Indian 
isolate was about 97% and 95% with the NiV-B 
sequences whereas it was about 91% and 83% with 
the NiV-M sequences respectively (Table 1). The 
amino acid substitutions in the structural and non- 
structural proteins of the isolate in comparison to the 
NiV-B and NiV-M isolates are given in the supplemen-
tary table S1. The substitutions in the N protein except 
the 387N were not in the minimum contiguous 
sequence (30–404 position) and in the four conserved 
hydrophobic regions demonstrated for the capsid 
assembly [27]. The reported P binding regions (1- 
54,135–146, 468–496) of the N protein were found 
conserved in the Indian isolate [28–30]. The substitu-
tions described in the signal transducer and activator of 
transcription (STAT)−1 binding domain (position 114– 
140) of the P/V/W protein known to decrease the 
STAT−1 binding were not present in the Indian isolate 
[31–33]. The first 38 residues of P important for 
N binding were conserved in the isolate whereas 
C terminal domain which binds to the N protein 
showed many substitutions in the NiV-B and Indian 
isolate [28,34]. Numerous substitutions were found 
between the 100–130 position of P/V/W protein impor-
tant for STAT−2 binding whereas the motifs between 
the residues 230 and 237 which are critical were found 
conserved [35]. The other substitutions observed in the 
P/W/V proteins were not located in any positions 
described for the STAT binding [4,28,31,32]. A single 
substitution was observed within residues 81 to 113 
important for polymerase cofactor function of P at 
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105 position in the Indian isolate whereas the critical 
residue R555 defined was intact [32,36]. The N and 
C terminal residues of the C protein were found con-
served except at the position Y98H. Apart from the 
NiV-B sequences, I40T and Y98H were found in the 
C protein of the Indian isolate. The amino acid motifs 
YMYL and YPLGVG important for budding in the 
M protein were found intact in the isolate [37,38]. No 
mutations were found in the amino acid residues in the 
globular head of G protein which can affect the fusion 
promotion capacity and ephrin binding [39,40] and in 
the F protein cytoplasmic tail motifs important for 
fusion and protein trafficking [41]. The predicted 
mutations in the NiV glycoprotein which can affect 
the binding of m102.4 monoclonal antibody were 
absent in the Indian isolate [42]. The substitutions 
found in the L protein were same as that of the NiV- 
B sequences.

Replication kinetics and transcriptome analysis

The growth curve in Vero (ATCC® CCL−81™) cells 
showed an exponential increase in TCID50 from day 
1 to reach peak titre by day 3 followed by decrease in 
the further days (Figure 1a and b). The cytopathic 
effects (cell rounding, aggregation, syncitia forma-
tion) were observed in Vero (ATCC® CCL−81™) 
cells from day 1 post infection (Figure 1c and d). 
The time point study analysis showed high expres-
sion levels for M,P/V/W/C,N mRNAs in the infected 
Vero (ATCC® CCL−81™) cells and intermediate levels 
for F and lower levels for G and L (Figure 1e). The 
CPE were observed in the BHK−21 cells from 3 days 
post infection (Figure 1f and g). The transcriptional 
pattern in BHK−21 cells showed higher expression 
levels of M and P/V/W/C mRNAs, intermediate 
levels for the N, F and G; and lower levels of 
L (Figure 1h).

Lethal dose 50

For the intraperitoneal route of infection, LD50 was 
found to be 7000 TCID50 (Figure 2a). Sickness was 
observed in virus dilutions ranging from 7 × 105 

TCID50 to 7 × 102 TCID50 dose. The signs observed 
were ruffled hair coat, slow movement, head tilting, 
circling, hind limb paralysis, blood-tinged nasal dis-
charge, and body weight loss (Figure 2b). The disease 
onset in hamsters infected with 7 × 105 TCID50 was 
faster (within 5 to 7 days) compared to the further 
virus dilutions. In hamsters inoculated with 7 × 104, 
7 × 103 and 7 × 102 TCID50, disease onset was by 7 to 
11, 9 to 15 and 9 to 15 days respectively. No overt 

clinical signs or seroconversion were observed in ham-
sters infected with further lower dilutions.

In case of intranasal route of infection, limited body 
weight gain was observed and lethality was observed 
only in 1/5 animals of 1.4 × 105 on day 12 and in 1.4 ×  
104 TCID50 inoculated animals on day 18 (Figure 2c 
and d). Seroconversion was observed in 1.4 × 105 and 
1.4 × 104 TCID50 infected groups.

Pathogenicity by intraperitoneal route of infection

Nasal wash showed the presence of viral RNA till day 7 
with peak on day 5 in most of the hamsters and in ¼ 
hamsters on day 9. Conjunctival swabs of only two 
severely sick hamsters on day 5 and 1 sick hamster 
on day 9 showed viral RNA positivity. The rectal 
swab, oral swab and nasal wash samples of these three 
hamsters showed viral RNA positivity. Other than this, 
none of the animals showed oral or conjunctival RNA 
positivity. Rectal swab of two hamsters showed viral 
RNA positivity on day 1 (Figure 3a). Viremia was 
observed from day 1 [mean genome copies/ml ± stan-
dard deviation (SD) = 5955.8 ± 5401.8] till day 7 (1290  
± 2581.3) with a peak on day 3 (20345 ± 13528) 
(Figure 3b).

The organ viral RNA load observed was highest in 
brain followed by lungs, kidney, liver, heart, trachea, 
spleen and intestine (Figure 4). In brain, kidney and 
heart, viral RNA load was found increasing, reaching 
a maximum by day 9. In lungs, peak viral RNA load 
was seen on day 5 (mean genome copies/ml ± SD = 5.0 
× 107 ±45395035.73) which decreased on further time 
points. On virus titration, brain showed highest virus 
titre.

The major histopathological changes observed in the 
organs were thrombosis, vasculitis in brain and lungs, 
severe engorgement of the blood vessels of kidney and 
liver (Figure 5). In lungs, congestion of the large vessels 
as well as alveolar capillaries, haemorrhages in the 
parenchyma, thrombus formation and vasculitis in the 
vessels were observed. Vasculitis in lungs was evident 
from day 3 post infection and inflammatory changes 
were observed in the nearby alveolar parenchyma along 
with haemorrhages. Degenerative changes in the 
bronchiolar epithelium, oedema, alveolar septal thick-
ening and haemorrhages in parenchyma became pro-
minent from 5th day post infection. Two hamsters each 
which were severely sick on day 4 and 6 post infection 
showed diffuse haemorrhages in lungs. Few blood ves-
sels in the lungs also showed endothelial cell syncitia 
formation. In the kidney, severe congestive changes in 
the renal cortex were observed from 1D day post infec-
tion. The glomerular and peritubular capillaries showed 
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severe engorgement and thrombosis was evident in the 
glomerular capillaries in the further days. In brain, 
perivascular cuffing, gliosis and degenerative changes 
were observed in two hamsters euthanized on day 7 
and 4 hamsters euthanized on day 9. Congestive 
changes and haemorrhages were observed in the 

ependymal blood vessels. Rarely, haemorrhages were 
observed in the brain and perivascular space. Liver 
parenchyma also showed diffuse vascular and sinusoi-
dal engorgement.

Four hamsters which survived were observed till 28  
days and the anti-NiV IgG response was observed 

Figure 1. Characterization of NiV in cells: Growth kinetics in the Vero (ATCC® CCL − 81™) cells expressed in a) TCID50 and b) viral RNA 
copy number/ml. c) Vero CCL − 81 cells showing cytopathic effects after 1 day post NiV infection, and d)cell control. Differential 
expression of NiV genes in e) Vero-CCL81 cells expressed as RPKM values at different time points. f) BHK − 21 cells infected with NiV 
showing cytopathic effect on 3 days post infection and g) BHK − 21 cell control. Differential expression of NiV genes in h) BHK − 21 
cells expressed as RPKM values at different time points.
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from day 18 in these hamsters. The cytokine levels i.e. 
IL−4, IL−6, IL−12 and IFN-Gamma in brain samples 
were found slightly upregulated compared to the lungs 
and spleen samples at various time points (Figure 6). 
A mean 5-fold increase was seen in the brain samples. 
IL−4, IL−6, IL−10, and IFN-Gamma were highest at the 
9 days post infection. The spleen and lung samples did 

not show any consistent upregulation of the host genes 
studied.

Pathogenicity by intranasal infection in hamsters

No respiratory or neurological signs were observed in 
animals post infection. Viral RNA shedding was 

Figure 2. Survival and body weight changes in hamsters after NiV infection. a) Percent survival and b) body weight change in 
hamsters post intraperitoneal infection. c) Percent survival and d) body weight change in hamsters post intranasal infection.

Figure 3. NiV RNA shedding and viremia in hamsters post intraperitoneal infection. a) Viral shed through the nasal wash, oral and 
rectal route. b) Viral RNA in serum samples collected from hamsters on various time points. The individual values along with median 
value are plotted in the graph.
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observed through the oral, nasal and alimentary tract in 
these infected animals (Figure 7a). In contrast to the 
intraperitoneal infection, we could not observe any 
viremia and viral RNA in brain in animals by intranasal 
infection (Figure 7b–h). Lungs showed the maximum 
viral RNA load followed by liver, kidney and spleen. 
Viral RNA could be detected in heart of only one 
animal each on day 3 and 7. Intestine showed viral 
positivity till day 5. Lungs sections showed severe 
broncho-interstitial pneumonia, vasculitis and throm-
bosis from 3 days after infection in these animals. 
Severe congestion and thrombosis were evident in the 
glomerular capillaries. All the other organs including 
the brain showed normal histology.

Discussion

In the present study, we have characterized the NiV 
isolate obtained from a patient during the outbreak in 

Kerala, India. The nucleotide and amino acid identity 
observed in the Indian and NiV-B strains with the NiV- 
M were similar with around < 0.5% difference. The 
majority of substitutions observed in the Indian isolate 
viral proteins were similar to that already reported for 
NiV-B genotype. These changes are mostly not present 
in the region of any functional significance which is 
defined for NiV except for the P gene, the importance 
of which needs to be studied further. The growth 
kinetics observed were similar to that reported for 
NiV-M in Vero cells [43]. BHK−21 cells were permis-
sive for infection as demonstrated earlier [20]. In the 
mRNA expression study, M gene mRNAs were the 
most abundant in both the cells, followed by the P/V/ 
W/C and N. Non-segmented ssRNA viruses differen-
tially express their genes, with the level of transcripts 
regulated by their position relative to the single promo-
ter [44].

The isolate was found pathogenic in hamsters and 
we observed two types of diseases, i.e., rapid onset 

Figure 4. NiV load in organs of hamsters after intraperitoneal infection. Viral RNA load in a) brain b) heart c) lungs d) trachea e) 
intestine f) spleen g) liver and h) kidney. i) Live virus load in brain, lungs, spleen and kidney. The individual values along with median 
value are plotted in the graph.
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respiratory disease and a delayed onset nervous sign 
[20,45,46]. Respiratory/neurological signs and lethality 
by both intranasal and intraperitoneal routes have been 
demonstrated with the NiV-B in hamster model [20]. 
The signs in hamsters can range from mild (hypo 
activity or abnormal gait) to severe (severe dyspnoea, 
neurological signs, weight loss, death) and animal may 
recover completely[45,46] . Different combinations of 
acute respiratory distress syndrome (ARDS), encepha-
litis and myocarditis were reported in the NiV disease 
in humans [17].

The virus dose, strain and route of infection plays 
role in pathogenicity in hamsters [47]. Wong et al 
reported a 174 fold higher LD50 dose for NiV-M intra-
nasal infection in comparison to the intraperitoneal 
infection [47]. This could probably due to the faster 
access of the virus to the systemic circulation after the 
intraperitoneal infection. The hamsters infected with 
the lower doses like 10 or 100 pfu did not show any 
clinical signs or seroconversion in the above study as 
we observed here [47]. Intranasal infection showed only 
limited virus spread probably due to the lesser dose 
used in the present study for the intranasal infection 

and the multiple immunological barriers which need to 
be encountered for successful viral replication and 
spread. A faster disease progression was observed with 
NiV-M strain (with seven times higher LD50) com-
pared to NiV-B strain in hamsters [20]. The variation 
in the mortality observed with different administration 
routes could be due to the difference in the virus doses 
used.

The intranasal route of infection may be more 
appropriate for transmission studies using hamster 
model as it showed consistent viral RNA shedding. 
Even though viral RNA could be detected in the nasal 
cavity till day 7 in the intranasally infected hamsters, 
the presence of viral RNA could not be seen in the 
brain of these animals. Viremia was also not observed 
in intranasally infected hamsters. This indicates that 
blood cell mediated entry could be a more probable 
route for CNS infection rather than the cranial nerves 
[48,49]. Olfactory epithelial infection and transport to 
the brain have been reported in hamsters [50].

Viremia, vascular changes observed in multiple 
organs and endothelial cell syncitia formation are in 
agreement with the endothelial tropism of the virus due 

Figure 5. Histopathological observations in NiV infected hamsters after intraperitoneal infection. a) Lung section showing multifocal 
perivascular inflammatory cell infiltration in the alveolar parenchyma (arrows) on 3 days post infection, (H& E, scale bar = 100 µm). b) 
Lung section showing vasculitis, thrombosis and diffuse alveolar thickening on 7 days post infection, (H& E, scale bar = 100 µm) c) 
Blood vessel in the lungs showing multiple endothelial cell syncitia formation (arrows) and perivascular mononuclear cell infiltration, 
(H& E, scale bar = 200 µm) d) Lung section showing normal histological features, (H& E, scale bar = 200 µm) e) Brain section showing 
blood vessels with haemorrhage in the perivascular space, (H& E, scale bar = 200 µm). f) Brain section showing multiple blood vessels 
with perivascular cuffing, (H& E, scale bar = 100 µm). g) Brain section showing blood vessels with perivascular cuffing (yellow arrows) 
and gliosis (red arrow), (H& E, scale bar = 200 µm). h) Brain section showing normal histological features, (H& E, scale bar = 100 µm) i) 
Kidney section showing diffuse vascular engorgement, (H& E, scale bar = 200 µm).J) Kidney section showing congested blood vessels 
and thrombotic plugs in the glomerular capillaries, (H& E, scale bar = 200 µm).K) Kidney section showing normal histological 
features, (H& E, scale bar = 100 µm).
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to the ephrin B2/B3 receptor expression [51,52]. 
Tropism of NiV to arterial/arteriolar endothelium has 
been demonstrated in NiV infected hamsters [53]. The 
organ changes observed in the present study were simi-
lar to as reported for the earlier NiV isolates [19,20,47]. 
The observations from earlier studies also suggest that 
differences between the NiV-M and NiV-B outbreaks 
may not be due to the intrinsic differences in the virus 
[53]. Cytokine and chemokine mRNAs upregulation 
observed was not marked similar to the earlier observa-
tions of NiV-B infected hamster model [20,46]. Dose 
dependant cytokine response is demonstrated in NiV 
infected hamsters [46]. The IL−4 and IL−6 are 

important for the lymphocyte differentiation and acti-
vation [54,55]. Inflammatory cellular infiltration was 
seen in the hamster brain tissues with prominent peri-
vascular infiltrations. Cytokine upregulation can regu-
late the blood brain barrier transport. The disruption of 
blood brain barrier and lymphocyte mediated transin-
fection has been reported after NiV infection [46,48]. 
A delayed upregulation of cytokines ie after 10 days 
post infection has been reported in the brain of intra-
nasally NiV infected hamsters [46]. IL−6, IL−4, IFN-γ, 
IL−10, and IL−1β were found downregulated in brain 
during the early stages of NiV infection [46]. There is 
limitation of reagents for studying immune response in 

Figure 6. Host gene expression in hamsters after intraperitoneal NiV infection. Fold change of A) IL − 1 B) IL − 4 C) IL − 6 D) IL − 10 E) 
IL − 12 and F) IFN- γ in brain, lungs, and spleen. The individual values along with median value are plotted in the graph.
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detail in hamster model. We also could not compare 
with other NiV isolates like NiV-B or NiV-M in the 
animal model as we don’t possess these isolates with us.

In the present study we have characterized the NiV 
isolate from 2018 outbreak of India. The majority of the 
substitutions observed in the isolate were similar to that 
observed in the NiV-B isolates except in the P gene, the 
functional significance of which needs to be explored. The 
virus replication in different organs and characteristic 
pathological changes in brain, lungs and kidney could 
be demonstrated in the hamster model. A dose and 
route dependant pathogenicity and organ involvement 
were observed in the hamster model.
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