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Abstract

Nipah Virus (NiV) is a highly virulent pathogen that poses a significant threat to human and animal populations. This
review provides a comprehensive overview of the latest control and prevention strategies against NiV, focusing on
vaccine development, antiviral drug discovery, early diagnosis, surveillance, and high-level biosecurity measures.
Advancements in vaccine research, including live-attenuated vaccines, virus-like particles, and mRNA-based
vaccines, hold promise for preventing NiV infections. In addition, antiviral drugs, such as remdesivir, ribavirin, and
favipiravir, have the potential to inhibit NiV replication. Early diagnosis through molecular and serological assays,
immunohistochemistry, and real-time reverse transcription polymerase chain reaction plays a crucial role in timely
detection. Surveillance efforts encompassing cluster-based and case-based systems enhance outbreak identification
and provide valuable insights into transmission dynamics. Furthermore, the implementation of high-level biosecurity
measures in agriculture, livestock practices, and healthcare settings is essential to minimize transmission risks.
Collaboration among researchers, public health agencies, and policymakers is pivotal in refining and implementing
these strategies to effectively control and prevent NiV outbreaks and safeguard public health on a global scale.

Keywords: Antivirals, Control, Nipah virus, Prevention, Vaccines.

Introduction
Nipah virus (NiV) is a zoonotic paramyxovirus
transmitted by bats, which causes lethal encephalitis
in humans and has been reported in several countries,
including Singapore (Paton ez al., 1999), Malaysia (Goh
et al., 2000), Bangladesh (Rahman and Chakraborty,
2012), India (Chadha et al., 2006), and the Philippines
(Ching et al., 2015). NiV is categorized under the order
Mononegavirales, which includes other deadly viruses,
such as Hendra, Ebola, and Marburg (Amarasinghe
et al., 2019). The first NiV outbreak was identified
in 1999 when pig farmers and exporters in Malaysia
and Singapore were affected, leading to the collapse
of the billion-dollar pig export industry (Doucleff and
Greenhalgh, 2017). Initially, control measures focused
on the Japanese encephalitis (JE) outbreak, and the
spread of NiV could not be detected until the isolation
of NiV from the cerebrospinal fluid of a victim after 2
months (Looi and Chua, 2007). The virus was named
after the village of Kampung Sungai Nipah, where it
was first discovered (Kulkarni et al., 2013). Subsequent
NiV outbreaks occurred in India and Bangladesh
in 2001 and 2007 (Mahedi et al., 2023), and eight
outbreaks from 2001 to 2012 (Ambat et al., 2019).

The most recent outbreak was reported in Kozhikode
district, Kerala, India, on May 19, 2018 (Table 1)
(Thomas et al., 2019).

NiV and Hendra virus (HeV) are closely related and
share 80% genome sequence identity (Ang et al., 2018).
These viruses have been categorized within the genus
Henipavirus, alongside the Cedar virus (Marsh et al.,
2012), Ghanaian bat virus (Drexler et al., 2009), and
Mojiang virus (Wu et al., 2014). Fruit bats of the genus
Pteropus have been identified as natural reservoirs for
NiV. This pathogen poses a significant threat to both
humans and animals, including pigs (Orosco, 2023), with
human-to-human and animal-to-human transmission
occurring via infected bats and pigs (Thomas et al.,
2019). Notably, NiV has an alarming case fatality rate
of up to 100% (Table 1). Owing to its high fatality rate
and the absence of effective therapeutics or vaccines,
the World Health Organization has designated NiV as
a biosafety level 4 (BSL4) pathogen (Freiberg et al.,
2010). Consequently, urgent measures are required
to effectively prevent and control NiV infection and
safeguard vulnerable populations.

In light of the persistent threat posed by NiV to
human and animal health, this review paper seeks to
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Table 1. Case fatality rates of NiV infection in humans.

Outbreak . No. of No. of Case fatality
No. Year/Month Country Location cases deaths rate, %
Sep 1998-April . Perak, Selangor, Negeri

1 1999 Malaysia Sembilan states 265 105 39.6

2 Mar-1999 Singapore Singapore 11 1 9

3 Jan-Feb 2001 India Siliguri 66 45 68.2

4 Apr-May 2001  Bangladesh Meherpur 13 9 69.2

5 Jan 2003 Bangladesh Naogaon 12 8 66.7

6 Jan-Apr 2004 Bangladesh Rajbari, Faridpur 67 50 74.6

7 Jan-Mar 2005 Bangladesh Tangail 12 11 91.7
Kushtia, Naogaon, Natore,

8 Jan-Apr 2007 Bangladesh oo, Tl erimram 18 9 50

9 Apr 2007 India Nadia 5 5 100

10 Feb-Apr 2008 Bangladesh Manikganj, Rajbari 11 9 81.8

11 Jan 2009 Bangladesh Gaibandha, Nilphamari, 4 1 25
Rangpur, Rajbari

12 Feb-Mar 2010 Bangladesh Faridpur, Gopalganj, Kurigram, 17 15 88.2
Rajbari
Comilla, Dinajpur, Faridpur,

13 Jan-Feb 2011 Bangladesh e 44 40 90.9
14 Jan 2012 Bangladesh Joypurhat 12 10 83.3
Gaibandha, Manikganj,

15 Jan-Apr 2013 Bangladesh N, Wi, S, 24 21 87.5
16 Jan-Feb 2014 Bangladesh 13 districts 18 9 50
17 Mar-May 2014  Philippines Philippines 17 9 52.9

Faridpur, Magura, Naogaon,
18 Jan-Feb 2015 Bangladesh NFormir, o s, el 6 66.7
19 May 2018 India Kozhikode and Malappuram 18 17 94.4
Total 643 380 59

Adapted from WHO: http://www.searo.who.int/entity/emerging diseases/links/nipah_virus_outbreaks_sear/en/.

comprehensively address the multifaceted challenge
of developing effective control and prevention
strategies. The paper aims to explore the current state
of knowledge in areas including vaccine development,
antiviral drug discovery, early diagnosis, surveillance,
and high-level biosecurity measures. By delving into
these interconnected aspects, this review endeavors
to offer a synthesized understanding of the current
landscape and prospects in combatting NiV infections.
Molecular biology of Nipah virus

Nipah virus, a member of the Paramyxoviridae family,
shares its viral family with notable human pathogens,
including HeV, measles virus, mumps virus, respiratory
syncytial virus, and human parainfluenza virus
(Amarasinghe et al., 2019). These paramyxoviruses

possess a single-stranded, nonsegmented, negative-
sense RNA genome, which is entirely enclosed by
envelope proteins consisting of a cell receptor-binding
protein known as the glycoprotein (G) specific to
henipaviruses, as well as hemagglutinin (H) or
hemagglutinin/neuraminidase (HN), along with a
distinct fusion (F) protein (Fig. 1). In-depth analyses
of various gene regions of the Nipah virus compared
to other paramyxoviruses have affirmed that NiV,
alongside HeV, constitutes a unique cluster within the
Paramyxoviridae family, ultimately designated as the
Henipavirus genus (Chua et al., 2000).

NiV-G and NiV-F proteins exhibit a close physical
association, and viral fusion is triggered by
conformational changes that occur subsequent to
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receptor binding (Guillaume et al, 2006). Among
these proteins, residue E533 of the NiV-G protein
plays a crucial role in receptor binding, and shares
structural and functional similarities with residue
R533 of the measles virus attachment hemagglutinin
(Sawatsky et al., 2016). In contrast, the NiV-F protein
undergoes glycosylation at multiple sites, resulting
in reduced fusion efficiency compared to mutated F
proteins. Interestingly, unlike other paramyxoviruses,
the N-glycans present in NiV may shield proteins from
neutralizing antibodies (Aguilar ef al., 2000).

While the NiV-G and NiV-F proteins are vital for
host cell binding, fusion, and entry, their involvement
in viral budding is relatively minor compared to
the essential role played by the viral matrix protein
M. The M protein appears to be integral to the viral
organization and budding processes (Patch et al., 2007).
Notably, the NiV genome encompasses six genes that
encode structural proteins of the viral envelope (F,
G, and M), as well as the nucleocapsid protein (N),
polymerase (L), and phosphoprotein (P). Within the P
gene, in addition to encoding phosphoprotein P, crucial
proteins, such as C, V, and W, contribute significantly
to the pathogenicity of NiV (Fig. 1) (Uchida et al.,
2018; Hauser et al., 2021).

The genomes of NiV-Bangladesh (NiV-B) and NiV-
Malaysia (NiV-M) exhibit a substantial homology of
91.8%. However, a noteworthy difference between
the two genomes lies in their length, with the NiV-B

genome being six nucleotides longer than that of
NiV-M. Interestingly, these additional nucleotides are
specifically located in the 5’ nontranslated region of the
F protein gene (Harcourt et al., 2004). Furthermore,
while minimal variations were observed among the
open reading frames of the two strains, the V gene
displayed variability (Patch et al., 2007). The V' gene
encodes a protein (V) that has been implicated in
multiple mechanisms aimed at suppressing the host
immune response during NiV infection. Nevertheless,
the precise implications and significance of these
variations within the V gene among different NiV
strains remain to be fully elucidated (Uchida et al.,
2018).

Transmission of Nipah virus

Bat-to-bat transmission

Pteropus spp. bats, commonly known as flying foxes,
serve as natural reservoir hosts for both the Hendra
and Nipah viruses. These bats have a broad geographic
distribution, and evidence of Henipavirus infection has
been detected in bats from various regions, including
Southeast Asia, Africa, and South and Central America
(Enchéry and Horvat, 2017). However, the impact of
henipavirus infection on naturally infected bats remains
poorly understood. Experimental studies involving
Pteropus spp. bats have revealed that they do not exhibit
signs of disease and display only limited pathological
changes upon infection (Halpin ez al., 2011).
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Fig. 1. NiV structure and genome organization.
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During infection, henipaviruses are primarily shed
through wurine, although viruses have also been
detected in throat and rectal swabs (Edson ef al., 2015).
Vertical transmission of HeV has been observed in
experimentally infected pregnant bats (Williamson
et al., 2000). However, no HeV RNA has been detected
in fetal tissues of naturally infected bats (Goldspink
et al., 2015). Furthermore, contact transmission of HeV
from P. poliocephalus bats to naive animals has not been
observed in previous studies, likely due to the absence
of virus shedding from the inoculated bats (Williamson
et al., 2000). In contrast, the transmission of NiV
among bats is believed to occur through direct contact,
facilitated by the high population density within roosts
and the use of urine during grooming (Middleton et al.,
2007; Agarwal and Singh, 2020).

Horse-to-horse transmission

In horses, natural infection with henipaviruses manifests
as depression and fever, progressing to neurological and
respiratory manifestations, with a notable presence of
copious frothy nasal discharge observed in the advanced
stages of the disease (Selvey et al, 1995). Horses
affected by henipaviruses experience a high case fatality
rate, estimated to be approximately 90% (Field, 2016).
Experimental studies involving infected horses have
demonstrated the detection of viral RNA in urine and
oral and nasal swabs, with nasal swabs exhibiting the
highest viral shedding levels that persist for an extended
duration (Marsh et al., 2011). Notably, environmental
swabs collected from stalls housing naturally infected
horses also yielded detectable viral RNA, indicating a
potential for environmental contamination (Field et al.,
2010; Chowdhury et al., 2022).

Viral shedding can occur before the onset of clinical
signs in experimentally infected horses, suggesting that
asymptomatic horses have the potential to contribute to
the spread of infection (Marsh ef al., 2011). However,
in the context of housing experimentally infected and
naive horses in adjacent stalls, no transmission of the
virus to naive animals has been observed (Williamson
et al., 1998). It is important to note that this lack of
transmission could potentially be attributed to the
absence of the copious frothy nasal discharge that has
been proposed to play a crucial role in both inter-horse
transmission and zoonotic transmission (Marsh et al.,
2011; Alaoui et al., 2021).

Collectively, the available data from both natural and
experimental infections in horses strongly suggest that the
primary route of HeV transmission between horses occurs
through close contact with infected horses during the end
stage of the disease when viral shedding is at its peak.
In addition, the extensive handling of horses by humans
without adequate measures to prevent cross-contamination
could contribute to the spread of henipaviruses among
horses (Field et al., 2010; Shams ef al., 2023).

Pig-to-pig transmission

Naturally infected pigs exhibit acute febrile illness
characterized by respiratory signs, including nasal

discharge, barking cough, labored breathing, and
neurological manifestations (Mohd Nor et al., 2000).
The severity of NiV disease in pigs is influenced by
their age. In experimental studies involving pigs
inoculated with NiV, a spectrum of disease signs was
observed, ranging from subclinical to clinical, with
respiratory and neurological symptoms. Viral shedding
was detected in the nasal and throat secretions of
experimentally infected pigs, with the highest viral load
observed in the nasal samples. Viral shedding has been
observed in both clinically and clinically infected pigs
(Weingartl et al., 2005; Rashid ef al., 2022).
Transmission of the virus from experimentally infected
pigs to naive pen-mates has been observed several
days after the onset of viral shedding in inoculated
animals (Middleton et al., 2002). Consistent with
epidemiological data from the NiV outbreak in Malaysia
and transmission studies in experimentally infected
animals, it has been established that the transmission
of NiV among pigs in close proximity is rapid and
efficient. The primary mode of transmission is likely
direct contact with nasal secretions, and both clinically
and subclinically infected pigs have the potential to
transmit the virus (Mohd Nor et al., 2000).
Human-to-human transmission

In humans, NiV infection results in an acute febrile
illness accompanied by respiratory symptoms (Table 2).
The virus is shed in the urine and respiratory secretions,
including those from the mouth and nose, during the
acute phase of the disease (Chua et al., 2001). The
clinical course often involves progression to acute
respiratory distress syndrome and severe neurological
disease, which can have long-term consequences
(Sejvar et al., 2007) and relapses (Tan et al., 2002).
Human-to-human transmission has played a significant
role in the spread of NiV in India, Bangladesh, and the
Philippines. Notably, during the 2001 outbreak in India,
75% of cases were acquired through human-to-human
transmission (Chadha et al., 2006). Patients with
respiratory symptoms and coughing are more likely to
transmit the virus, and fatal cases were more prone to
transmission compared to nonfatal cases (Luby et al.,
2009, pp. 2001-2007). Transmission of NiV from
deceased patients to individuals who come in contact
with the body after death has also been reported (Halpin
etal.,2011; Sazzad et al., 2013).

Although nosocomial transmission of NiV is rare
in Malaysia (Mounts ef al, 2001) and Bangladesh
(Gurley et al., 2007b), it is the primary source of cases
in Siliguri, India, where 25 out of 66 NiV infections
occur among hospital staff (Chadha et al, 20006).
Despite the potential for transmission through aerosols
or respiratory droplets, given the respiratory tract
infection caused by the virus, epidemiological studies
have consistently shown that close contact is necessary
for human-to-human transmission of NiV (Gurley
et al., 2007a; Homaira et al., 2010).
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In Bangladesh, the contact transmission of NiV is
facilitated by healthcare and cultural practices that
involve family members caring for hospitalized patients
and the significance of physical contact with sick
relatives and friends (Blum et al., 2009). Although there
is a risk of transmission through aerosols or respiratory
droplets, epidemiological evidence underscores the
importance of close contact for the spread of NiV
(Gurley et al., 2007a; Homaira et al., 2010).
Bat-to-pig-to-human transmission

In Malaysia, human cases of NiV infection are primarily
attributed to the transmission of the virus from infected
pigs, which serve as intermediate amplifying hosts
(Looi and Chua, 2007). The spillover of the virus
from bats to pigs is believed to occur through the
consumption of partially eaten fruits contaminated by
bats carrying NiV (Luby, 2013). The transmission of
the virus from pigs to humans is facilitated through
direct contact with infected pigs, whereas human-to-
human transmission can occur through direct contact
with aerosols or fomites (Looi and Chua, 2007).
Abattoir workers, who come into contact with excretions
and secretions such as urine, saliva, pharyngeal, and
respiratory secretions of infected pigs, as well as raw pig
meat and other contaminated products, are particularly
at risk (Paton et al., 1999). In addition, because infected
pigs experience severe respiratory distress, the aerosol
spread of NiV to humans is considered an important
route of respiratory transmission (Mohd Nor et al.,
2000). The importation of infected pigs from Malaysia
to Singapore has resulted in the spread of infection
among pig farmers living in close proximity to pig sites
(Paton et al., 1999).

Prevention and control strategies

NiV vaccines

Various vaccines have been extensively explored
(Table 3) in light of the expanding understanding of the

molecular biology of NiV (Fig. 2). Initial investigations
demonstrated the generation of neutralizing antibodies
and protection against fatal infections in mice and
hamsters upon vaccination with vaccinia virus
recombinants expressing either NiV-G or F proteins
(Guillaume et al., 2004). Recent vaccine studies
have focused on the G and F proteins (Hauser et al.,
2021). Notably, a subunit vaccine incorporating the G
glycoprotein of HeV, which shares 83% amino acid
identity with the NiV G protein, displayed promising
efficacy in safeguarding ferrets against NiV infection
following exposure to lethal doses of the virus (Pallister
etal.,2013).

Several vector-based vaccines are currently being
developed. The ChAdOx1 NiV-B vaccine employs
a replication-deficient simian adenovirus vector that
encodes glycoprotein G of NiV-B (Doremalen et al.,
2019). Female Golden Syrian hamsters were immunized
with this vaccine at different intervals before being
challenged with NiV-B, with some hamsters receiving
a booster dose of the vaccine before the challenge.
Following a single vaccine dose, all animals exhibited
virus-neutralizing antibodies. Throughout the study,
all vaccinated animals survived without viral RNA
detection in oropharyngeal swabs or during necropsy
(Doremalen et al., 2019).

Recombinant vesicular stomatitis virus (rVSV) has
emerged as a widely employed vector for vaccine
delivery and has been used to develop a NiV vaccine
that expresses the NiV G glycoprotein in conjunction
with an incompatible F protein (Prescott et al., 2015).
To assess its efficacy, three African green monkeys
were intratracheally challenged with NiV-M three
weeks after vaccination (Orosco, 2024). Remarkably,
all three vaccinated monkeys survived the duration of
the study, without exhibiting any clinical disease or
detecting the presence of the virus. In contrast, two

Table 2. Laboratory and radiological diagnosis of Nipah virus disease.

Diagnostic Tests

Clinical Presentation

Routine hematological tests
* Leucopenia

» Thrombocytopenia

* Raised liver enzymes

* Hyponatremia

Cerebrospinal fluid analysis

» Lymphocytic pleocytosis
* Raised proteins

* Normal glucose levels

Imaging
matter

NiV specific tests

» 2-7 mm multifocal discrete lesions in the subcortical and deep white

* ELISA for detection of antibodies

« Positive PCR reaction

« Virus isolation
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Table 3. Different vaccine prototypes are under development for NiV infection.

Vaccines Description Animal Model References
Subunit-based
HeV-sG (Equivac® HeV) Subunit vaccine based on soluble HeV Ferret Pallister ez al. (2013)
G glycoprotein. Elicits cross-protective
immune response against HeV and NiV.
Available for horses in Australia
Vector-based
ChAdOx1 NiVB Recombinant simian adenovirus-based Golden Syrian Van Doremalen
vaccine encoding NiV-B glycoprotein G hamster et al. (2019)

rVSV-AG-NiVB/F-GFP
rVSV-AG-NiVB/G-GFP
rRABV/NIV (NIPARAB)
NiV G
rVSV-EBOV-GP-NiV-G

rMV-NiV-G

Recombinant vesicular stomatitis virus
(VSV) vaccine expressing NiV-B F or G

Recombinant rabies virus vector expressing

Recombinant VSV vector expressing Ebola
virus glycoprotein and NiV G

Recombinant measles virus vaccine (rMV)

African green
monkey challenge

Mire et al. (2019)

C57BL/6 mice Keshwara et al.

(2019)

African green Prescott et al. (2015)

monkey challenge

African green Yoneda et al. (2013)

expressing NiV G monkey challenge
BoHV-4-A-CMV-NiV-GATK Recombinant bovine herpesvirus vaccine Pig Pedrera et al. (2020)
BoHV-4-A-CMV-NiV-FATK (BOHV) expressing NiV G or NiV F
Virus-like particle-based
NiV-VLP vaccine Purified Nipah virus-like particles G, F, and ~ Golden Syrian Walpita et al. (2017)
M proteins hamster challenge
mRNA-based
sHeVG mRNA LNP mRNA vaccine encoding soluble HeV Syrian hamster Lo et al. (2020)

glycoprotein (sHeVG) subunit

of the three control monkeys experienced symptoms,
such as increased work of breathing and lethargy, and
NiV RNA was detected in their oropharyngeal swabs
and blood samples. However, both control monkeys
eventually recovered and survived until the end of the
study period (Prescott et al., 2015).

To address the seemingly heightened pathogenicity
of NiV-B compared to NiV-M, a vaccine specifically
targeting NiV-B was constructed utilizing rVSV
that expressed either the G or F protein. Following
vaccination, all animals developed NiV-B-neutralizing
antibodies within three weeks. Upon subsequent
challenge with NiV-B, the mice demonstrated
remarkable survival without any evidence of infection
(Mire et al., 2019).

An examination was conducted to explore the potential
of a live attenuated rabies virus-based vaccine as
a preventive measure against NiV in wildlife. This
approach capitalizes on robust humoral immune
responses elicited by vaccines based on the rabies virus.
The inclusion of the NiV-B glycoprotein G within the
rabies virus vector resulted in seroconversion in mice
subjected to the vaccination regimen (Keshwara ef al.,
2019). The authors proposed the development of a live-
attenuated rabies-NiV hybrid as a promising vaccine

candidate for wildlife, offering the potential for dual
protection against both rabies and NiV (Keshwara
etal.,2019).

Virus-like particles (VLPs) offer a promising
approach to vaccine development as they elicit robust
immune responses by presenting both native F and G
glycoproteins without the potential risks associated
with using complete virions. A study conducted on
Syrian golden hamsters demonstrated the protective
efficacy and induction of neutralizing antibody titers by
a vaccine based on NiV VLPs (Walpita et al., 2017).
In addition, an mRNA vaccine encoding the soluble
subunit of the HeV glycoprotein is currently in the
developmental stage and exhibits partial protection
against NiV infection in Syrian hamsters (Lo et al.,
2020). Further preclinical and clinical investigations
are necessary to validate the effectiveness of these
vaccine constructs.

Anti-NiV therapeutics

Several antiviral agents have been investigated for their
potential in treating NiV infection, although only a
limited number have been evaluated in animal model
studies (Table 4). Notable examples include ribavirin,
remdesivir, and favipiravir. Ribavirin was one of
the first antiviral drugs used against NiV. During the
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Fig. 2. Transmission routes of NiV. (A) In Malaysia, bat-bitten fruits contaminated with
NiV-M were consumed by pigs, and workers handling the pigs were infected with NiV-M.
(B) In Bangladesh, bat saliva- and excreta-contaminated palm sap consumption led to
NiV-B infection in humans and was spread further via nosocomial mode. Infected bats
shed the virus in their urine, excreta, and saliva. (C) In India, the possibility of direct
bat-to-human transmission has been reported in Kerala state, but this was not supported
by adequate evidence. Nosocomial spread of NiV-B has been reported in two different

states—Kerala and West Bengal.

outbreak in Malaysia between 1998 and 1999, ribavirin
treatment resulted in a 36% reduction in the mortality
rate of 140 NiV-infected patients (Goh et al., 2000).
However, in vitro evaluation using a combination of
ribavirin and chloroquine in hamsters did not yield a
significant reduction in mortality (Freiberg ez al., 2010).
The efficacy of ribavirin was further examined during
the 2018 NiV outbreak in Kerala, where oral ribavirin
was administered to six patients, but only two survived
(Banerjee et al., 2019).

Considering the limited therapeutic options available
for NiV, recent efforts have focused on evaluating the
potential of alternative antiviral drugs. Among these,
remdesivir, an adenosine nucleoside antiviral drug, has
shown promise in preclinical studies in African green
monkeys. Notably, when African green monkeys were

treated with remdesivir, only two out of four animals
developed mild respiratory symptoms, whereas
all untreated animals exhibited severe respiratory
symptoms, highlighting the potential efficacy of
remdesivir against NiV infection (Lo et al., 2019). It is
worth mentioning that remdesivir has gained significant
recognition in the field of viral therapeutics, as it has
received approval from the United States Food and
Drug Administration for the treatment of SARS-CoV-2
infection. Moreover, numerous countries, including
Bangladesh, Singapore, Taiwan, India, Japan, and
Australia, have authorized its emergency use, further
attesting to its therapeutic potential (Beigel et al., 2020).
During the NiV outbreak in Singapore in 1999, a
combination therapy consisting of acyclovir (Zovirax)
and ceftriaxone was administered to nine abattoir
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workers, resulting in a remarkable survival rate of eight
out of nine individuals (Paton ef al., 1999). However,
it is worth noting that no in vitro data are available
regarding the effectiveness of acyclovir against NiV.
In contrast, favipiravir, marketed as Avigan, has
demonstrated inhibitory effects on NiV replication in in
vitro studies (Srinivasan and Rao, 2021). Moreover, in
a hamster model study, favipiravir exhibited the highest
antiviral activity against NiV infection compared with
other compounds (Dawes et al., 2018). Another potential
therapeutic candidate, rintatolimid (Ampligen), an
immunomodulator, has shown efficacy in inhibiting
NiV replication and in providing protection against
viral challenges in hamsters through the induction
of IFN-a and IFN-B (Georges-Courbot et al., 20006).
Nonetheless, it is imperative to highlight the need
for further comprehensive investigations to establish
solid evidence regarding the efficacy of antiviral drugs
suitable for the treatment of NiV infections in humans.
Currently, available in vitro and in vivo studies are
limited. Continued research efforts are warranted to
identify and develop effective treatment options against
NiV infections (Liew et al., 2022).

Early diagnosis

The early and accurate diagnosis of NiV infection plays
a pivotal role in mitigating the significant fatality rate
associated with this disease. To achieve this objective,
a comprehensive diagnostic approach encompasses
the collection of diverse specimens from both infected
individuals and animals. In human patients, various
samples such as nasal swabs, throat swabs, urine,
blood, and cerebrospinal fluid (CSF) are obtained for
diagnostic purposes (Mazzola and Kelly-Cirino, 2019).
Similarly, deceased animals provide valuable diagnostic
specimens, such as lungs, spleen, and kidneys, which
aid in the identification and isolation of NiV (Daniels
etal.,2001).

Diagnostic procedures for NiV are conducted in highly
controlled and specialized facilities, specifically in
enhanced Biosafety Level 3 (BSL3+) or Biosafety Level
4 (BSL4) laboratories. A range of diagnostic tests is
available for the detection of NiV, including molecular
and serological assays, immunohistochemistry,
histopathology, virus isolation, and neutralization
techniques (Mazzola and Kelly-Cirino, 2019). Notably,
Vero cells are employed for the cultivation of NiV, with
observable cytopathic effects typically manifesting
within a three-day timeframe (Daniels et al., 2001).
Among the various diagnostic methods available for
NiV detection, polymerase chain reaction (PCR) is the
most preferred and highly sensitive. This molecular
approach utilizes reverse-transcription PCR (RT-PCR)
and nested PCR, targeting conserved segments of the
viral genome, namely N, M, and P (Mazzola and Kelly-
Cirino, 2019). In particular, real-time RT-PCR, despite
its relatively high cost, is widely used because of its
exceptional sensitivity, enabling accurate and efficient
NiV detection and diagnosis (Wang and Daniels, 2012).

The utilization of PCR-based methods, particularly
real-time RT-PCR, has revolutionized the field of NiV
diagnostics by providing rapid and highly sensitive
results.

In addition to traditional diagnostic approaches,
next-generation sequencing (NGS) has emerged as
a valuable method for accurate identification of NiV
strains. Although NGS offers substantial benefits in
terms of strain characterization, its utilization in routine
diagnosis is limited owing to cost considerations
(Mazzola and Kelly-Cirino, 2019). Alternatively,
immunohistochemistry is a safe and reliable method for
NiV detection, particularly when using formalin-fixed
tissue samples (Wang and Daniels, 2012).

The enzyme-linked immunosorbent assay (ELISA)
plays a crucial role in the detection of NiV antigens
and antibodies in serum samples. ELISA is an effective
and widely employed technique that is often followed
by confirmatory tests such as serum neutralization or
PCR to enhance diagnostic accuracy (Daniels et al.,
2001). In addition, virus isolation and neutralization
methods are utilized for NiV diagnosis; however, their
implementation is restricted to high-containment BSL4
facilities because of the infectious nature of the virus
(Wang and Daniels, 2012; Mazzola and Kelly-Cirino,
2019).

NiV surveillance

The NiV outbreak in 2018 was a significant occurrence
characterized by a high case fatality rate, whereas the
subsequent outbreak can be considered comparatively
minor in scale. The primary cases in both outbreaks
likely resulted from inadvertent exposure to NiV-
infected bats or the consumption of food contaminated
by bat secretions (Bruno ef al., 2023). However, in the
2018 outbreak, it is plausible that the initial spillover
event was further propagated through person-to-person
transmission within hospital settings, as subsequent
cases were predominantly from close family or
hospital contacts. These two incidents can be regarded
as isolated and localized occurrences, indicating
containment of outbreaks within specific geographic
areas and populations (Singhai ef al., 2021).

The early warning signs of this outbreak could have
been detected through diligent reporting of unusual
events, such as the unexpected sudden death of an
otherwise healthy young male. Epidemiologically
linked cases in subsequent outbreaks could have been
prevented through strict adherence to surveillance,
infection control, and biomedical waste management
practices at all levels of healthcare centers (Singhai
et al., 2021). In response to the 2018 outbreak, the
Indian National Center for Disease Control established
guidelines for the definition of suspected, probable,
and confirmed cases of NiV infection to facilitate early
detection and control of future outbreaks (Table 5)
(Bruno et al., 2023).

Through surveillance efforts, the analysis of viral
strains and monitoring of viral factors have been
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Table 4. Drugs with potential antiviral activity against NiV.

Drug Description Experimental Model References
Chloroquine 4-aminoquinoline In vitro Freiberg et al. (2010)
Ribavirin Guanosine analogue In vitro Freiberg et al. (2010)
Acyclovir Guanosine analogue Historical review Paton et al. (1999)
Favipiravir Purine analogue In vitro Syrian hamster Dawes et al. (2018)

Remdesivir (GS-5734) Adenosine analogue
Balapiravir
(R1479)
Poly(I)-poly(C12U)

Cytidine analogue

Interferon inducer

Lo et al. (2017)
Lo et al. (2019)
Hotard et al. (2017)

In vitro
African green monkey
In vitro

In vitro Hamster Georges-Courbot et al. (2006)

Table 5. Surveillance case definitions for Nipah virus infection as defined by the National Centre for Disease Control, India.

Case type

Description

Suspect case

Person from a community affected by a Nipah outbreak who:

* Fever with new onset altered mental status or seizure and/or
* Fever with headache and/or

« Fever with cough or shortness of breath

Probable case

Suspect case-patients/s who resided in the same village where confirmed case-patient/s

were living during the outbreak period and who died before diagnostic specimens could be

collected.

OR

Suspect case patients who came in direct contact with confirmed case patients in a hospital
setting during the outbreak period and who died before complete diagnostic specimens

could be collected.

Confirmed case

Suspected case who has laboratory confirmation of Nipah virus infection either by:

* Nipah virus RNA identified by PCR from respiratory secretions, urine, or cerebrospinal

fluid.

« Isolation of Nipah virus from respiratory secretions, urine, or cerebrospinal fluid.

instrumental in understanding the Nipah outbreaks.
Cluster-based surveillance has been effective in
identifying two distinct types of Nipah outbreaks that
are characterized by high fatality rates. Similarly,
case-based surveillance has helped detect sporadic
introductions of NiV in Bangladesh (Naser et al.,
2015). In Bangladesh, the establishment of a
surveillance system in five hospitals along the NiV
belt has contributed to early detection of outbreaks
(Dhillon and Banerjee, 2015). During the 1999
outbreak in Malaysia, a comprehensive surveillance
study encompassed human health, animal health,
and reservoir hosts. Within the human health sector,
three categories are covered: disease surveillance,
patient surveillance, and high-risk group surveillance
(Ambat et al., 2019). These surveillance efforts have
been crucial for improving our understanding of NiV
dynamics and informing effective prevention and
control strategies (Dhillon and Banerjee, 2015).

High-level biosecurity

Given the absence of specific standardized therapy and
the limited availability of large-scale vaccines against
NiV, the implementation of biosecurity measures is
crucial for preventing disease outbreaks and effectively
mitigating the risk of transmission to both humans
and animals (Bruno et al., 2023). Particularly in the
agricultural and livestock sectors, the adoption of
good pig farming practices and the prevention of
crop contamination by bats play a fundamental role
in averting further outbreaks (Chua et al., 2001).
Rigorous enforcement of proper hygiene protocols and
thorough handwashing by all personnel involved are
of paramount importance. In the event of a suspected
outbreak, it is imperative for all personnel to strictly
adhere to the use of personal protective equipment
(PPE), including masks, gloves, protective goggles,
gowns, and boots. Furthermore, meticulous cleaning
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and disinfection of PPE after use must be performed
(Lam and Chua, 2002).

Within hospital settings, strict adherence to standard
infection control precautions is imperative for all
healthcare personnel involved in patient care activities
and procedures that generate aerosols. In the event
of a NiV infection, additional measures, including
droplet, contact, and airborne precautions, should
be implemented (Gurley et al, 2007a). Droplet
precautions involve the isolation of patients from
individual rooms or cohorts with existing roommates.
Immediate isolation and implementation of infection
control measures are essential when a patient meets the
criteria for a suspected Nipah infection (Siegel et al.,
2007). Hospitals located in high-risk areas must be
adequately prepared to manage Nipah cases through
the implementation of hospital screening, admission
procedures, triage systems, and regulation of visitor
access and movement to minimize potential exposure.
Standard precautions must be rigorously observed when
handling patients, managing deceased individuals,
handling specimens, and carrying out cleaning and
waste disposal procedures (Boyce et al., 2002).
Thorough hand hygiene is of the utmost importance
in preventing the transmission of NiV and should
be practiced by healthcare workers before and after
every patient contact. Evidence from Bangladesh has
highlighted the ability of NiV to survive on surfaces,
posing a potential risk of transmission of infection
to caregivers (Gurley et al., 2007b). A lack of hand
hygiene practices and limited access to water in
healthcare settings have been implicated in the infection
of healthcare workers during outbreaks (Boyce et al.,
2002). The significance of proper hand hygiene cannot
be overstated, as it serves as a critical cornerstone for
preventing the spread of infection (Siegel et al., 2007).
Implementing hand washing with soap and water
or utilizing alcohol-based hand rubs is essential for
maintaining hand hygiene standards and reducing the
risk of NiV transmission (Boyce et al., 2002).

Conclusion

In conclusion, control and prevention strategies for NiV
represent a critical area of research and development
that has gained significant attention in recent years.
The multifaceted approach encompassing vaccine
development, antiviral drug discovery, early diagnosis,
surveillance, and high-level biosecurity measures
holds great promise for mitigating the impact of NiV
outbreaks and safeguarding public health.

Several areas warrant further exploration to enhance our
understanding and control of NiV. First, comprehensive
clinical trials are needed to assess the safety and efficacy
of candidate vaccines and antiviral drugs in humans.
Long-term monitoring of vaccine recipients and the
development of strategies to optimize vaccine coverage
and delivery should also be prioritized.

Advancements in diagnostic technologies and
accessibility to resource-limited settings are crucial.
The development of rapid point-of-care diagnostic tests
can facilitate early detection and timely intervention.
In addition, the integration of surveillance data from
multiple sources, including humans, animals, and the
environment, can enhance our ability to detect and
respond to potential outbreaks of NiV.

Collaborative efforts among researchers, public
health agencies, and policymakers are paramount for
strengthening NiV control and prevention strategies.
Establishing international partnerships and knowledge-
sharing platforms can foster an exchange of information,
resources, and expertise to help combat NiV infections
on a global scale.
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