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Abstract: Nipah virus (NiV) is an emerging pathogen that, unlike other priority pathogens identified by the WHO, is endemic to
Southeast Asia. It is most commonly transmitted through exposure to saliva or excrement from the Pteropus fruit bat or direct
contact with intermediate animal hosts, such as pigs. NiV infection causes severe febrile encephalitic disease and/or respiratory
disease; treatment options are limited to supportive care. The serological and nucleic acid amplification techniques have been
developed for NiV and are used in laboratory settings, including some early multiplex panels for differentiation of NiV infection.
The rural and remote nature of NiV outbreak settings, there remains a need for rapid diagnostic tests that can be implemented at
the point of care. Additionally, more reliable assays for surveillance of communities and livestock will be vital to achieving a
better understanding of the fruit bat host and transmission risk to other intermediate hosts, enabling the implementation to
outbreak prevention and the management of this NiV. An improved understanding of NiV viral diversity and infection kinetics
or dynamics will be central to the development of new diagnostics to enable effective validation and external quality assessments.
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I. INTRODUCTION
Nipah virus infection is an emerging bat-borne zoonotic disease transmitted to humans through infected animals (such as bats and
pigs) or food contaminated with saliva, urine, and excreta of infected animals [1]. It can also be transmitted directly from person to
person through close contact with an infected person (although this represents a less common transmission route). Nipah virus
infection in humans causes a range of clinical presentations including acute respiratory infection and fatal encephalitis [2]. The
case-fatality rates in outbreaks across Bangladesh, India, Malaysia, and Singapore typically range from 40% to 100%. Nipah virus
(NiV) has been recognized as a highly pathogenic virus due to its high mortality in humans [2], [3].

A. Epidemiology (India)

India experienced five episodes of NiV outbreaks in West Bengal (2001, 2007) and Kerala (2018, 2019, 2021, and 2023). In India,
From September 12 to 15, 2023, the Ministry of Health and Family Welfare, Government of India, reported six laboratory-
confirmed Nipah virus cases, including two deaths, in Kozhikode district, Kerala (Fig.1) [4]. As of September 27, 2023, 1288
contacts from the confirmed cases were traced, including high-risk contacts and healthcare workers who are under quarantine and
monitoring for 21 days. Since September 12, 387 samples have been tested, of which six cases were positive for Nipah virus
infection, and all remaining samples tested negative. Since September 15, no new cases have been detected. All Indian outbreaks
have seen person-to-person transmission. Though the epidemiology of NiV in India is similar to that in Bangladesh, since only three
outbreaks have been reported so far, definitive evidence is unavailable [5]. There was a large outbreak (66 cases and 45 deaths) in
Siliguri, West Bengal, in 2001, and another smaller outbreak (five cases, 100% fatality) in 2007 in Nadia district, West Bengal. In
May 2018, an outbreak of NiV was declared in Kozhikode and Malappuram districts of Kerala, a southern state on the west coast
that is geographically disconnected from previously affected areas [6]. There were 18 confirmed cases and 17 deaths as of June 1,
2018. All NiV cases belonged to the economically productive age group ([7], [8]-[10]).

B. Clinical indications

NiV causes severe encephalitis in humans, characterised by vasculitis and necrosis in the central nervous system (CNS). The
incubation period of NiV is 4-14 days. NiV primarily affects the CNS via endothelial, vascular, and parenchymal cell infection,
with high rates of viral replication in neuronal cells. At the early stage, NiV infection typically presents as febrile encephalitis, and
can be difficult to distinguish from other febrile illnesses. Respiratory distress was a hallmark in approximately 20% of cases in the
Malaysia—Singapore outbreak and 70% of cases in Bangladesh—India [11].
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The patients can present with fever, malaise, headache, myalgia, nausea, vomiting, vertigo and disorientation. The encephalitis cases
with attending drowsiness and disorientation, which can rapidly progress to seizures and coma within 48 hours. Approximately 20%
of encephalitis survivors sustain neurological dysfunction including persistent seizures, disabling fatigue and behavioural
abnormalities [12], [13].

C. Disease Management and Prevention

Due to the high pathogenicity associated with henipa virus, NiV and HeV are classified as Biosafety Level-4 agents. Safe handling
of specimens requires personal protection equipment, physical infrastructure, and strict operating procedures for both clinical and
research operations [14]. As BSL-4 facilities may be limited in many endemic settings, BSL-3 and BSL-2 facilities may be
sufficient if the virus can be inactivated following specimen collection. At present, there are no antiviral drugs or human vaccines
available for NiV. Australia has developed the Hendra G protein-targeted vaccine, which can protect horses against NiV and HeV.
Treatment is limited to supportive care. In preclinical animal models, NiV glycoprotein (G) and fusion (F) proteins are used in a
number of vaccine candidates in development to stimulate a protective immune response [15].

This landscape analysis provides an overview of the current state of NiV diagnostics for screening, diagnosis and surveillance,
highlighting further research and development needs.

Kozhikode
EenIFleonIs

Fig. 1 Detection of Nipah virus in 2023 outbreak from Kozhikode district, Kerala, India.

Il. NIPAHDETECTION AND DIAGNOSTIC TEST
The increasing awareness and threat of NiV have boosted the development and commercialization of diagnostics. Accurate
diagnosis of NiV has traditionally relied on serological, molecular, or virological analyses, genome detection by PCR and
quantitative PCR, and virus isolation. The NCDC, India, recommends with sterile nylon swabs in sterile 3ml viral transport medium
contained in 15 ml conical tubes. Collected VTM samples were stored at -70°C until viral RNA extraction. BSL 4 facility required
for samples processing. However, virus inactivation by sample irradiation may be an effective technique to make the samples safe to
use in a BSL-2 laboratory ([5]-[7], [9]-[12]). The main different methods to determine virus infection and immunity are:

A. Virus Isolation

Virus isolation should be performed for definitive diagnosis in an area with a newly suspected outbreak. NiV is detectable in
oropharyngeal and nasal swabs as early as two days post-infection; experimentally infected animals continued to shed virus until
three weeks post-infection [16]. African green monkey kidney or rabbit kidney cell lines are commonly used for virus isolation. A
cytopathic effect (CPE) is usually seen within two to three days, but multiple passages of five days each are recommended before
concluding that a sample is NiV negative [17].
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B. NiV detection by real time RT-PCR

Nucleic acid amplification tests (NAATS), such as reverse-transcriptase PCR (RT-PCR), are preferred for detection of active viral
infection [18]. Conventional Real Time PCR targeting the N (nucleocapsid protein) gene has been developed by the US Centers for
Disease Control and Prevention. NiVV RNA can be identified by Real Time PCR (RT-PCR) from respiratory secretions, urine or
cerebro-spinal fluid [19]. These tests are highly sensitive and specific and are used commonly for diagnosis. A TagMan probe-based
assay developed in 2004 detects the N gene and has a very high sensitivity of ~1 pfu. A SYBR Green-based assay targeting a
different region of the N gene has also been developed. It has lower sensitivity (~100 pfu) and detects HeV as well [20].

C. ELISA

Under such circumstances, the serological assays can provide appropriate alternative and rapid results. The main advantages of
serological assays for NiV are low cost and easy-to use format which can be easily established in field their areas, remote settings
and tertiary health care. NiV affected cases would be identified in a timely manner by serological test, which could help to curb
further transmission. The availability of validated serological assays would also be useful for serosurveilance activities. As yet anti-
Nipah ELISA reagents developed by the Centers for Disease Control and Prevention, United States of America, are used for
serological confirmation of NiV in India [21]. Serological tests can directly detect NiV antigens, as well as IgM and 1gG antibodies
raised against NiV antigens, due to their high sensitivity, rapidity, ease, and safety of use. ELISAs for the detection of 1gG and IgM
developed by the CDC were used in the confirmation of diagnosis in India. The recombinant protein-based test has been developed
using the more conserved N antigen. IgM antibodies have been found to be detectable in 50% of patients on day 1 of illness, while
100% of patients show 1gG positivity after day 18. 1gG positivity persists for several months ([6],[7], [13]-[16]).

D. Serum Neutralisation Test

This is the gold standard test, but it requires the use of a BSL-4 laboratory. In this test method, test sera are incubated with the virus
and then allowed to infect Vero cells. Positive sera block the development of cytopathic effects, and tests can be read after 3 days. A
modified neutralization test that can be read within 24 hours has been developed. Here, the virus-serum mixture is removed after a
period of adsorption, and immunostaining is used for virus detection. Pseudo-typed viruses can be used to perform a surrogate
neutralization test [22]. A pseudo-typed virus is an enveloped virus. They are one or more foreign envelope proteins. These viruses
can be handled safely in the BSL-2 laboratory but contain NiV envelope proteins capable of being neutralized by positive sera [23].
The NCDC, India, has issued guidelines on the definitions of a suspected, probable, and confirmed case of NiV infection, which
have been used effectively to control known outbreaks in India [21], [23].

11l. CHALLENGES FOR NIV DIAGNOSTICS
The ideal NiV diagnostic RT-PCR tests were developed from Bangladesh-India (NiV-B) or Malaysia-Singapore (NiV-M) strains.
Additionally, further information is needed on the viral and immune kinetics of NiV to identify the pathogenesis of NiV in blood
and non-blood samples.
Understanding the course of NiV infection at different stages of the disease would help to identify the window for effective
intervention and better monitor transmission and recovery [24].
For diagnostic test formulators, clinical samples are crucial to the confirmation process; still, confirmation for NiV tests has been
limited due to the lack of NiV-positive sera available. While animal samples may be used to investigate the performance
characteristics of a test, there's a threat that the antigens found in specific animal- sourced NiV infections aren't the same as those
found in humans or other creatures.
As new individual tests are developed, these agencies could perform routine external quality assessment (EQA) monitoring of tests
using up- to- date clinical specimen panels and reference norms. This part will be particularly important when test developers have
little incitement to seek international nonsupervisory approval [25].
Given the often rural NiV outbreak settings and accurate diagnostics for NiV must be deployable under a range of circumstances,
particularly at the point of care (POC). Existing POC and ‘near-POC’ NAAT platforms have lower infrastructure requirements than
laboratory-based diagnostics, with automated sample preparation resulting in fewer training requirements for healthcare workers and
cartridge-based formats allowing tests to be self-contained. They can therefore be more easily implemented in decentralised
laboratories based settings. Current NiVV PCR assays could potentially be easily converted to the POC format, considering the broad
range of tests currently being developed for these commercial NAAT platforms [26].
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Rapid diagnostic tests (RDTs) are ideal for field testing and low-infrastructure settings. RDTs have been developed to effectively
screen. The pathogenicity of NiV makes specimen processing a challenge in a non-laboratory setting; thus, preliminary work in
antigen ELISA development could serve as a starting point for an antigen NiV RDT. Education campaigns may be helpful to
increase awareness of the risk of NiV infection in the community and promote appropriate care-seeking behavior, as well as to
maintain vigilance for case identification by healthcare personnel. Early detection of NiV outbreaks should trigger a coordinated
mobilization of resources for infection control, as well as patient isolation, care, and contact tracing ([21]-[24],[27], [28]).

IV.CONCLUSIONS
The diagnostic tests can enable a more nuanced understanding of the window of positivity and duration of infection, transmission
risk, and risk factors for severity for NiV, one of the most widespread agents of febrile encephalitic disease. Target product profiles
for NiV should be refined to include the need to identify all known lineages of NiV and the benefits of RDT POC diagnostics and
syndromic panels. Diagnostics are a key element in achieving the goals of research and development. An improved understanding of
NiV viral diversity and infection kinetics or dynamics will be central to the development of new diagnostics to enable effective
validation and external quality assessments.
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