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Nipah virus (NiV) is a highly lethal zoonotic paramyxovirus that emerged in Malaysia in 1998. It is a human
pathogen capable of causing severe respiratory infection and encephalitis. The natural reservoir of NiV, Pteropus
fruit bats, remains a continuous virus source for future outbreaks, although infection in the bats is largely

asymptomatic. NiV provokes serious disease in various mammalian species.
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| 1. Introduction

In the events of the recent COVID-19 pandemic, more attention and effort has been devoted to studies and
research on potential pandemic-causing pathogens, one of which is the Nipah virus (NiV). NiV is an emerging
paramyxovirus with a high pathogenicity that has been causing near-annual outbreaks in the South Asia region
since its discovery in Malaysia in 1998 [ It is currently listed as one of the top 10 emerging viruses that require
urgent research and development in public health emergency contexts by the World Health Organization (WHO) [,
and it has been made a priority for vaccine development by the Coalition for Epidemic Preparedness Innovations
(CEPI) Bl and the United Kingdom Vaccine Network 41,

NiV is a negative-sense single-stranded RNA enveloped virus and is a member of the genus Henipavirus in the
family Paramyxoviridae B8, The genome of the virus is non-segmented and is approximately 18 kb nucleotides
long [BIIEIE The viral genome encodes six structural proteins: nucleoprotein (N), phosphoprotein (P), matrix
protein (M), fusion glycoprotein (F), attachment glycoprotein (G) and the RNA polymerase or large protein (L). In
addition, there are three accessory proteins within the P: the V, W and C proteins, as a result of mRNA editing and
the alternative start codon. Overall, NiV genome sequence analyses have identified two main clades: the M
genotype, which comprises the Malaysian NiV isolates (NiV-M), and the B genotype, which includes Bangladesh
(NiV-B) and India NiV isolates (Niv-1) 191 Despite the three strains sharing a high percentage of homology
(NiV-M and NiV-B strains share 91.8% homology, and NiV-I sharing 85.14-96.15% homology with both NiV-M and

NiV-B), the B clade infections were shown to be significantly more pathogenic than the M clade L9I[12][13][14]

In the Malaysia outbreak, NiV infection was characterized as a respiratory and neurological disease that resulted in
over 250 cases and fatalities exceeding 100 cases . Besides Malaysia, NiV was reported in neighboring countries
such as Singapore, the Philippines and South Asia (Bangladesh and India). In South Asia, cases were reported

almost annually, with the most recent case of NiV infection reported in 2021 in Kerala, India 3. Clinically,
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respiratory infections were more common and the mortality was higher among the NiV cases reported in
Bangladesh and India, as compared to the cases in South East Asia. The variation in severity of symptoms and
mortality between NiV cases in both regions could be attributed to the different genetic makeup of the strains
pervasive in either region, or the differences in access and quality of medical care between the two regions 18],
Nevertheless, NiV infections are generally associated with acute respiratory distress, encephalitis and in some
cases myocarditis 2], Additionally, some patients experienced drowsiness, extreme lethargy, mental confusion and
in the worst cases coma. In fact, a percentage of patients experienced residual neurological complications, such as

late-onset encephalitis, years after the initial infection (181129,

Fruit bats of the Pteropus genus have been suggested as the natural reservoir for NiV. The bats harboring NiV
remain asymptomatic (292822 and therefore could facilitate the spread of the virus to susceptible hosts during
spillover events. In humans, epidemiological studies have implicated animal-to-human and human-to-human
transmissions as the main routes of NiV spread; the former was connected to exposure to infected animal fluids
such as its saliva, urine and excreta, whereas the latter was connected through contact with body fluids from
infected individuals, specifically via respiratory droplets (2223241 The route of NiV transmission in the Malaysia and
Singapore outbreaks was identified to be animal-to-human, whereby bats harboring NiV transmitted the virus to
pigs through direct contact, which then acted as amplifying hosts and subsequently transmitted the virus to humans
via aerosol droplets B! Meanwhile, in the Bangladesh and India NiV outbreaks that occur almost annually,
transmission of the virus is also animal-to-human, but via ingestion of food or fluid contaminated by NiV-infected
bats or via direct contact with NiV-infected bats. Besides this, the human-to-human transmission of NiV was also
reported, and this was a common mode of transmission in Bangladesh, comprising half of the NiV cases reported
between 2001 and 2007 (221281271 Sociocultural expectations to care for ill family members, poor infection control
practices and lack of healthcare resources are factors that could have contributed to the higher number of human-

to-human NiV transmissions in Bangladesh relative to Malaysia 2411261,

Despite NiV outbreaks occurring almost annually and the pandemic potentiality of the virus, no vaccines or
therapeutics have yet been approved and made available for human use [28129l30] \/accines in general are
targeted to induce humoral immunity, specifically protective antibodies; recent vaccine development also aims to
generate cellular immunity. This is because both immune subsystems are crucial to provide an effective immune
response towards the infection and for protection against the disease. However, inadequate clinical specimens
available for in-depth analysis due to no following NiV outbreak in Malaysia and small sporadic outbreaks of NiV in
Bangladesh and India result in constraints to the recapitulation of clinical signs of the human NiV disease, as well

as the monitoring and evaluation of the immune response following NiV exposure.

| 2. Replication Cycle of NiV

The NiV particle has six structural proteins, namely the N, P, M, F, G and L, which are arranged accordingly in the
RNA genome from 3' to 5' (Figure 1) [&. The replication cycle of NiV starts when the virion attaches to the host cell
receptors, ephrin-B2 and -B3 via the NiV G protein BLIE233] Next, the NiV F protein mediates the fusion of the viral

envelope with the host cell membrane, releasing the viral genome into the cytoplasm. The viral genomic RNA is
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associated with N, P and L proteins, which forms the ribonucleoprotein complex and is involved in the transcription
and replication of the virus. The L polymerase catalyzes the transcription of the virus genomic RNA into mRNAs for
protein translation. The translated viral surface glycoproteins F and G are inserted into the host cell endoplasmic
reticulum for post-translational modifications, particularly glycosylation. The other translated viral proteins—N, P, M
and L—remain in the cytoplasm. When abundant viral mRNA transcripts are produced, full-length anti-genomes
are then synthesized to generate more copies of the NiV genome. These new copies of genome assemble with the
viral proteins near the host cell membrane where F and G proteins are studded, and the budding of new virions

facilitated by the M protein will occur.
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Figure 1. Schematic representation of the structure of an NiV particle and the viral genome organization. The NiV
N, P and L proteins interact with the viral RNA to form the ribonucleoprotein complex, which is surrounded by a lipid
bilayer envelope containing the NiV glycoproteins F and G. The NiV M protein is associated with the inner side of
the envelope. The viral proteins and arrangement of genes in the viral genome from 3'-5' are color-coded,
respectively, for identification. The NiV P gene products (V, W and C proteins) as a result of mRNA editing are

illustrated. The V protein contains a single G insertion, and translation shifts it to +1 reading frame. The W protein
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contains two G insertions, shifting the translation to the +2 reading frame. The C protein is translated from an

internal open reading frame of the P gene.

| 3. Pathogenesis of NV

NiV enters through the oronasal route into human and other animal hosts to cause an infection. The virus infects
the epithelium cells along the respiratory tract, and a high concentration of viral antigens could be detected in the
lymphoid and respiratory tissues 2. Initial viremia then spreads the virus to other parts of the body, while
secondary replication occurs in the endothelium. The NiV infection of host cells starts when the viral G protein
attaches to the cellular receptors ephrin-B2 and -B3 [BHE2E3] The virus then rapidly disseminates to different
organs, including the spleen, kidneys, heart and liver within the first week of infection 41341351 Both ephrin-B2 and
-B3 are found on a wide range of cell types including epithelial and endothelial cells, as well as neurons. Both
these cellular receptors are highly conserved across animal species, which explains the broad species and tissue
tropism of NiV (8 Interestingly, a recent study has observed that smooth muscle cells that lack the cellular
receptors ephrin-B2 and -B3 were permissive to NiV infection and produced high viral titers similar to permissive
cells expressing the cellular receptors B4, There was prolonged NiV production in the smooth muscle cells with no
cytopathogenic effects. Together, the study suggested the likely existence of an unidentified entry receptor for NiV
or a non-specific virus entry mechanism. Besides, NiV was also reported to enter and infect the central nervous
system via circulating immune cells, specifically immature dendritic cells and monocytic cells 8. These cells were
noted to be NiV-permissive; however, the virus did not replicate efficiently in them. Nevertheless, the NiV-infected
immune cells migrated across the in vitro blood—brain barrier and infected susceptible cells in a focused manner,

similar to observed neuronal infection and the presence of focal lesions in the brain of both NiV-infected human
and animals 391491,
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