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Abstract

Nipah virus (NiV) belongs to the biosafety level four (BSL-4) group of human pathogens of zoonotic
origin. It is an emerging pathogen capable of causing a variety of clinical presentations, including
encephalitis and severe acute respiratory illness, which can be fatal. Interestingly, it can also cause
asymptomatic infections, which can relapse after a long period of time ranging from months to years
following initial infection. Zoonotic transmission involves bats or pigs. In addition, transmission via
contaminated food and occasional human to human direct transmission may also occur. It can have
diverse epidemiological features and can have a very high case fatality ratio. Although a variety of
immunological and molecular assays have been developed and epidemiological monitoring procedures
for this disease have been introduced, there are no drugs available for this virus. Vaccines are at
different stages of development. In this mini-review, we present the latest information on the Nipah
virus; primarily focusing on emergence, transmission, pathogenic mechanisms and possible prophylactic
and treatment options.
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INTRODUCTION

Nipah virus (NiV) is a zoonotic pathogen
belonging to the family Paramyxoviridae and
genus Henipavirus. NiV is transmitted by infected
Pteropus bats and contaminated fruits.! Human
to human transmission renders the infection very
contagious.? NiV can cause a variety of illnesses
ranging from asymptomatic infection to fatal
neurological and respiratory manifestations, with
a mortality rate of more than 75 % and sometimes
reaching to 100%. The capacity of transinfection
(unproductively infectingimmune cells and using it
as a carrier to transmit the virus to different body
sites) by the virus is considered as it’s a unique
characteristic feature that contributes to the high
pathogenicity of this virus.? It is a very deadly and
highly transmissible, biosafety level 4 (BSL-4) virus,
and there are neither therapeutic nor prophylactic
treatments yet, making it a serious public health
concern.*

About Nipah virus (NiV)

NiV is an enveloped, negative-sense,
zoonotic RNA virus with a single stranded,
unsegmented genome of approximately 18.2
kb in size.® It was first isolated from the village
‘Sungai Nipah’, in Malaysia; hence it has been
given the name “Nipah”.® It is a member of the
Paramyxoviridae family and its natural host is fruit
bat (Pteropus spp), also known as the flying fox.
In addition, it can naturally infect several other
animals, including cats, dogs, pigs, and horses.”
A total of nine proteins are encoded from the
genome of NiV; six structural and 3 non-structural
proteins. The 3 non-structural proteins are C, Vand
W, which play critical roles in the pathogenesis of
NiV, regulating the early host pro-inflammatory
response, and development of the respiratory
manifestations.*® The six major structural proteins
include matrix protein (M), nucleocapsid (N), fusion
protein (F), phosphoprotein (P), glycoprotein (G),
and large protein (L). The oro-nasal route is used
by NiV to get into the host. Glycoprotein G of NiV
serves as the ligand that binds to the host cell
surface receptors, while Ephrin B2 and Ephrin B3
serve as the receptors.® The ligand and receptor
interaction leads to the fusion of viral membrane
with cellular membrane resulting in disassembling
of viral capsid and the release of viral genome
into the cell.’® Four NiV proteins (P, V, W, and C,
all encoded by the P gene) play important roles

in evading the innate immune response of the
host and establishing successful infection.!* The
interferon based antiviral response is initiated
in the host following infection and viral protein
V plays the key role in the evasion of interferon
(IFN-a.and IFN-y) response.’? The V protein inhibits
tyrosine phosphorylation of STAT proteins, thus
preventing translocation to these proteins to the
nucleus and subsequent induction of IFN-a and
IFN-y. Systemic NiV infection is characterized
by the presence of viral antigens in different
body sites such as respiratory tract, neurons,
lymphoid tissues, and the endothelial cells lining
blood vessels.* The site of initial replication is
still unknown, as the human tissue samples
investigated were mostly collected from those
with the terminal stages of the disease. However,
as analysis of lymphoid and respiratory tissue
samples was done, and revealed the presence of
high concentrations of viral antigens, these tissues
represent the probable sites of initial replication.®
Due toits high virulence and transmissibility of NiV,
it is one of the top pathogens most likely to cause
major epidemics in the near future.'
Epidemiology

The first cases of NiV infection appeared
in late September 1998, at a pig farm, in the village
Sungai Nipabh, district Perak, Malaysia. The disease
presented as a febrile illness with encephalitis
in humans and as respiratory and neurological
symptoms in pigs.** During this first recognized
outbreak in Malaysia, Singapore, a neighbouring
country of Malaysia was also affected through
import of infected pigs from Malaysia and this
outbreak was known as the Malaysia-Singapore
outbreak, which resulted in 276 infections and
106 deaths.® Sporadically, small scale outbreaks
continued to occur in that region which, however,
ceased within one year of the initial report.
From 1999, outbreaks of NiV infections were
emerging in Bangladesh and India.?” Initially, the
cases were thought to be caused by Japanese
encephalitis virus (JEV), as some serum samples
collected from NiV cases tested positive for
JEV specific IgM (due to a previous outbreak of
Japanese encephalitis in Malaysia). However,
several features of NiV outbreak ruled out JEV as
the possible pathogen. Unlike with JEV epidemic,
most patients in NiV epidemic were adult males,
not children. In addition, most patients in NiV
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were in direct physical contact with pigs, unlike
in the case of JEV, which is a mosquito-borne
disease. Furthermore, there were reports of ill pigs
developing a severe barking cough and eventually
dying from the disease, which was also not a
feature of JE. Virologists from the University of
Malaya (Kuala Lumpur, Malaysia) isolated the new
virus from cerebral spinal fluid (CSF) of infected
patients in 1999 and was categorized in the family
Paramyxoviridae. ¢
Outbreaks in Malaysia and Bangladesh

Two different modes of transmission
of NiV were observed when the transmission in
Malaysia-Singapore outbreak was compared with
the transmission in Bangladesh-India outbreak.
In Malaysia-Singapore outbreak, transmission
occurred from bats to pigs to humans.! In contrast,
analysis have shown seasonal outbreaks in
Bangladesh, where transmission of NiV to humans
takes place when people consume contaminated
raw date palm sap with bat’s secretions, during
the winter season (harvest season for date palm
sap).”!® Subsequently, the cycle of person-to-
person transmission is initiated as the virus can
be transmitted via droplet infection.’3® Nipah
Virus isolates in Bangladesh (NiV-Bangladesh)
are reported to be capable of efficient person to
person transmission, occurring in all outbreaks in
this geographic region.? The saliva of patients is
commonly tested positive for NiV and contributes
to droplet transmission. The difference between
the mode of transmission in both countries is

k:“ \

shown in Fig. 1. Following the first outbreak in
2011, several countries of East Asia and South
East Asia (Malaysia, India, Bangladesh, Indonesia,
Vietnam, Thailand, Papua New Guinea, East Timor)
witnessed sporadic outbreaks of NiV almost every
year.” In 2021, two NiV cases were reported in
Bangladesh in September 2021.%° which is less
than the incidence of the year prior (6 cases were
reported).
Outbreaks in Kerala, India

The Indian state of Kerala has become
a hot spot of NiV infection with 3 outbreaks
since 2018. After the first outbreak in 2018, the
second outbreak was in 2019, and the most
recent outbreak occurred in September 2021.%*
During the first outbreak in 2018 in the Kozhikode
district, Kerala, the first patient had a febrile illness
and was diagnosed to have acute respiratory
distress syndrome (ARDS); NiV was detected,
and the patient did not survive. This incidence
was followed by a series of 18 cases that tested
positive for the virus; ¢ of them did not survive.
Strict infection control methods were followed,
and fortunately, this outbreak was controlled
without an increase in the number of cases.?? In
the 2019 outbreak, only one case was reported
in the Ernakulam district of Kerala, and there was
no death. During the 2018 outbreak, bats were
screened with 19 % appearing positive for NiV and
33 % of the screened bats were positive during
the outbreak in 2019.% The 2021 outbreak, which
started in September, again occurred in the district

"
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Fig. 1. Difference in transmission of Nipah virus between the Malaysian outbreak and Bangladeshi outbreak.
(A) Shows the mode of transmission in Malaysia; bats roosting in fruit trees contaminate fruits, which are in turn are
consumed by pigs, then pig to human transmission occurs. (B) Shows mode of transmission of NiV in Bangladesh,
during the winter months, the season of harvesting date palm sap, the fruit bats contaminate the date palm sap
stream and sap collection containers with saliva or urine. Subsequently, consumption of contaminated raw date
palm sap leads to human infection, thus person-person transmission is initiated.
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Kozhikode of Kerala. This resulted in the death
of a boy who reportedly ate a bat bitten fruit. In
addition to other symptoms, he had encephalitis
and myocarditis.?* Following transmission of the
bats to the livestock, amplification of the virus
occurs in the infected host, thus creating an ideal
situation for a person-to-person aerosol borne
transmission. The NiV circulating Kerala is reported
to be genetically same as NiV-Bangladesh (NiV-B).
Genome comparison revealed that NiV-B diverged
significantly from NiV-M (Nipah virus from
Malaysia, the original NiV which first appeared
in 1998).%* It is interesting to note that although
NiV-Bangladesh (NiV-B) is causing infection almost
every year in Bangladesh and infrequently in India,
there has been no report of re-emergence of
NiV-M).2425

The most common route of transmission of
NiVis through the oro-nasopharyngeal route. Initial
replication of the virus is thought to happenin the
respiratory airways, then systemic dissemination
of NiV takes place targeting the endothelial cells
in multiple organs.” The microvascular endothelial
cells in the central nervous system are primarily

infected by the virus and this represents the
clinical manifestation of multifocal encephalitis.
The pathologic effect of NiV was most pronounced
on medium-size and small blood vessels. This
virus-associated microangiopathy and subsequent
ischemic microinfarction was detected by MRI.*
Moreover, autopsy samples of NiV victims showed
multiorgan involvement; pathological lesions with
disseminated microinfarction due to vasculitis
induced thrombosis and direct tissue involvement
was noted in the brain, respiratory tract, heart, and
kidneys.?® Nipah Virus suppresses the host antiviral
response, by targeting multiple host proteins.
Once the virus overcomes the innate immunity
barrier, systemic dissemination of the virus occurs.
Therefore, viral antigen can be detected in various
organs across the body."’

The viral proteins engage in overcoming
the innate immune response.® Experimentally, it
has been found that NiV was unable of successfully
infecting human lymphocytes or monocytes;
instead, it efficiently bound to lymphocytes and
utilized them to transfer the infection to different
parts of the body. This unique mode of potent

Nipah Virus Symptoms

» Encephalitis ] e * Headache
* Brainstem dysfunction e U * Fever
* Seizure ’ p.- * Dizziness
* Meningitis | ( * Mental Confusion
L+ Psychaitric symptoms
+ Cough
+ Sore Throat
| * Pharyngitis
* Dyspnea
* Respiratory distress
+ Atypical pneumonia 4[ Myalgia
* Hypotonia
' * Myoclonic jerks
\(' |

Fig. 2. Avariety of clinical features that can develop in patient with NiV are shown in this figure. A small percentage
of infected people remain asymptomatic. Prodromal symptoms like fever, headache, and myalgia appear in the
early stages of the diseases. Encephalitis and respiratory distress are the severe forms of the disease. Encephalitis
can relapse after long period time (months to years) following the recovery from the initial infection.
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systemic dissemination of the virus, is termed
as transinfection. In NiV infection model in the
hamster, leukocytes were capable of capturing and
carrying NiV without themselves being successfully
infected. Such NiV-loaded mononuclear leukocytes
transfer lethal NiV infection into naive animals,
demonstrating efficient virus transinfection in
vivo. Treatment of NiV-bound lymphocytes with
protease and neutralizing antibodies to the virus
rendered such cells incapable of transferring
infection, demonstrating that virus attached to the
cells but there was no internalization.? NiV is thus
capable of hijacking leukocytes and using them as
their carrier to spread the virus to various body
systems and infect the host cells. Transinfection
is considered to contribute to the rapid and high
pathogenicity of NiV.3?®
Clinical features

The incubation period of NiV following
infection is of variable duration depending upon
the host, ranging from 4-21 days. Few infected
people remain asymptomatic. Majority of the
cases manifest primarily with acute encephalitis
and respiratory illness which are markedly
life-threatening.?® The illness initially presents
as 3-14 days of fever, headache, fatigue, and
muscle ache. In addition, it often includes signs
of respiratory illness, such as cough, sore throat,
and difficulty breathing.?® Within a week, a phase
of encephalitis begins, where symptoms can
include dizziness, vomiting, altered consciousness,
mental confusion, hypotonia and prominent signs
of brainstem dysfunction, including mycolic jerks,
vasomotor changes, and abnormal doll's eye
and pupillary reflexes. In severe cases, seizures
are common and can rapidly progress to coma.
Fig. 2, summarizes the symptoms experienced by
NiV-infected patients. Neurologic involvement can
be more diverse, including aseptic meningitis and
diffuse encephalitis. Two unique clinical features
have been reported in a few cases; these are
late-onset encephalitis and relapse.?* The later
refers to encephalitis that can relapse months
or years following recovery from initial infection.
While late-onset encephalitis refers to delayed
development of encephalitis in a person who
did not suffer from it during the initial infection.
Various psychiatric features, including attention
deficits, depression and personality changes, were
reported also reported, which often are apparent

after infection is resolved.*

When comparing the Malaysian and
Bangladeshi outbreaks, few differences in clinical
features were described. Cases in Bangladesh and
India had higher rates of respiratory involvement
as well as higher mortality rates, as opposed to
cases in Malaysia where respiratory involvement
was immensely lower. However, Neurological
manifestations and neuropsychiatric changes were
more prominent in the Malaysian outbreak cases
than in Bangladeshi ones.*?

Diagnosis

Symptoms of NiV infection are often non-
specific and are similar to other viral infections,
hence early diagnosis is crucial for initiation of
appropriate patient care, and for implementation
of appropriate epidemiological measures for
the confinement of the outbreak. NiV should be
suspected in people with constitutional symptoms
who have been in areas where Nipah is more
common.?® It is also necessary to rule out other
infectious diseases that are common in those
regions, like malaria, West Nile virus infection,
dengue infection, and Japanese encephalitis.
Thorough clinical history along with laboratory
tests should be performed to diagnose the
infection.®* Procedures for laboratory diagnosis
include ELISA, serology, polymerase chain reaction
(PCR), immunohistochemistry, histopathology, and
virus isolation.*

PCR

The most commonly used initial test
for rapid detection of NiV is RT-PCR (reverse
transcriptase-polymerase chain reaction). It is a
highly sensitive and highly specific technique for
rapid detection of the virus in the early stages of
the infection.? Specimens can be gathered from
a symptomatic patient’s blood, CSF, urine, tissue
samples, and nasopharyngeal swabs.*

ELISA

In the later stage of infection, antibody
detection can be carried out using ELISA. This
serological test is used to detect IgM and IgG
antibodies. IgM antibodies are detectable during
the first five days of symptomatic illness in more
than 50% of patients.®*¢ Both IgM and IgG were
universally present in the sera of patients who
survived 2 weeks post-infection. Although IgG
positivity persists for several months, IgM levels
start decreasing by 2-3 months of onset of
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symptoms and eventually become negative in all
survivors. Since IgG persists for long period of time
after convalescence, its detection by ELISA is used
for seroprevalence studies and surveillance.*”
Virus Isolation

Virus isolation can be carried out using
Vero E6 cells, human lung fibroblast cells (MRC5)
and human neuronal cells (SK-N-MC).2 The clinical
samples can be taken from respiratory secretions,
urine, CSF, or any other tissue specimen for virus
isolation. The virus has the ability to induce
syncytia formation with nuclei arranged around
the periphery. This arrangement differs from
most syncytia seen in cell cultures induced by
Hendra virus, a closely related virus. Definitive
identification of the virus from cell culture can be
done by PCR orimmunohistopathology. In view of
the fact that NiV is a BSL-4 pathogen, an utmost
care is required when processing the clinical
samples.®
Immunohistochemistry

Immunohistochemistry is carried out
on formalin-fixed-tissue to preserve the cellular
morphology and proteins. For proper diagnosis, it
isimportant to analyse various tissue samples, not
solely the lung or brain, as the virus can replicate in
a vast range of tissues such as lung, brain, spleen,
kidney and lymph nodes, and uterus, as its primary
site of infection.?”® Serum neutralisation test
(SNT) in cell culture is considered and accepted as
the reference standard test, and just like the virus
isolation, it requires a BSL-4 facility.*
Prevention

Although the virus can be transmitted
easily from person to person, it is possible to
control its spread by adopting combination
of interventions. First of all, practicing proper
handwashing regularly with soap and water
should be encouraged. Moreover, it’s crucial to
raise awareness among populations at higher risk
about the signs, symptoms, and complications
of Niv. Furthermore, efforts should be made to
make people in high-risk areas aware of how
consumption of raw date sap can cause infection
that spreads readily from person to person.*
According to the WHO guideline for containing NiV
outbreaks, thorough cleaning and disinfection of
pig farms should be done routinely, movement of
animals out of an infected farm should be banned,
Animal premises should be isolated immediately

when an outbreak is suspected.1 Efforts towards
prevention of transmission of NiV need to focus
on the following; (a) boiling of freshly collected
date sap (b) thorough washing and peeling of
fruits before consumption (c) discarding fruits
with signs of bat bite (d) use protective date
palm coverings (such as bamboo sap skirts) to
decrease access of bats to date palms saps (e)
Gloves and other protective clothing should be
worn while handling sick animals or their tissues.
Suspected infected people and their contacts
should be isolated until they recover or prove
they are not infected.!® (Health-care workers
caring for patients with suspected or confirmed
infection or handling specimens from them should
implement standard infection control precautions
at all times. Surveillance programs of animals and
people should be implemented in areas where NiV
is known to exist.?*
Treatment

According to WHO Research and
Development Blueprint, NiV infection is a priority
disease.! As there are no specific drugs or
vaccines, hospitalization for supportive care
and close observation is generally required to
optimize survival.»** Treatment can only relieve
the symptoms and treat severe respiratory
and neurologic complications but cannot
eliminate the disease entirely. Supportive care
might consist of anticonvulsants, treatment of
secondary infections, mechanical ventilation, and
rehabilitation. Ribavirin and purine nucleoside
analogue have shown effectiveness against the
Nipah virus; however, more studies are required
to confirm these findings that have been largely
based on in vitro data and few human studies.*
Remdesivir, a potent antiviral nucleotide analogue
prodrug, is reported to be efficacious against the
lethal challenge of NiV in the African green monkey
model. Although, mild respiratory symptoms were
observed, the drug could protect the experimental
monkeys against NiV challenge, whereas all the
control animals with no drug succumbed to
infection.* Favipiravir, a purine analogue antiviral
drug has been found to inhibit replication of
Nipah Virus in in vitro cell culture and the drug
also fully protected hamsters in lethal challenge
experiments.*® During the 2018 Nipah outbreak in
Kerala, M102.4 was imported for treating patients
though it was not used as the outbreak ended.
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M102.4, a monoclonal antibody which recognizes
the G envelope protein of NiV and appears to block
the receptor-binding site on the protein preventing
adhesion of the virus to the Ephrin B2 receptor
protein and thereby inhibiting viral entry into the
host cell.*”
Vaccine

Three characteristics make Nipah virus
(NiV) a pathogen of pandemic potential, (a)
high pathogenicity (b) capacity to infect humans
either directly from natural reservoirs or following
amplification in an intermediary animal host
and (c) capacity to initiate human to human
transmission.>?® The WHO declared NiV to be
a priority pathogen likely to cause outbreaks,
requiring urgent intervention and critical
exploration. The development of highly effective
and durable vaccines against this virus remains
a key priority in order to prevent forthcoming
outbreaks. Global efforts gathered to develop an
efficient vaccine and as a result, a Hendra virus-
Nipah virus recombinant vaccine, HeV-sG-NiV,
has been developed.”® NiV and HeV have strong
resemblance as they are both enveloped, single-
stranded negative sense RNA virus and both are
bat-borne zoonotic pathogens; implying that a
single recombinant subunit vaccine against both
Nipah and Hendra virus may be possible. A portion
of the G glycoprotein of Hendra virus (HeV-sG) has
been used to develop a subunit vaccine against
both viruses. This recombinant vaccine has been
found to protect against both viruses in several
animal models including pigs.***° Pigs are used as
a model for the development of a vaccine against
NiV for pigs.*® These preclinical findings support
the initiative to vaccinate the people at risk. This
Hendra-sG vaccine has been approved in Australia
for use in horses to vaccinate against the Hendra
virus.4st

CONCLUSION

NiV causes lethal zoonotic disease
affecting primarily the respiratory and nervous
system. It emerged 23 years ago in Malaysia and
it continues to be a cause of severe morbidity
and mortality in Bangladesh and India (mainly in
the state of Kerala), two neighbouring countries
located in the South-East Asia region. The virus
causes a neuro-respiratory disease with clinical

features ranging from asymptomatic infection
to severe encephalitis and respiratory distress
with high mortality. Currently, there are no
effective therapeutic agents leaving prevention
of infection and supportive care as the mainstays
of management. Fortunately, several vaccines are
at different stages of preparation and are already
showing promising results on animals. The lack
of easily available and affordable diagnostic tests
and equipped facilities to handle viral samples
make diagnosis challenging. Threats of probable
outbreaks are rising, as the Pteropus bats, the
reservoir of NiV has been found in many countries.
NiV from the natural reservoir (bats) can directly
infect humans and indirectly via livestock following
the amplification of the virus. Moreover, NiV
has recognized capacity for human to human,
and nosocomial transmission. Also, every time
the virus infects a human being, it gets exposed
to the human environment, which elects for
more adaptation and transmissibility in humans.
Considering these facts, the epidemiologists are
of the opinion that NiV has the potential to cause
a pandemic in future.
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