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Strengthening preparedness
and response to emerging
henipavirus diversity

Kok Keng Tee* and Xueshan Xia*

Yunnan Province Key Laboratory of Public Health and Biosafety, School of Public Health, Kunming
Medical University, Kunming, Yunnan, China
Henipaviruses, including the highly pathogenic Nipah virus and Hendra virus,

represent a major zoonotic threat with high mortality rates and potential for

human-to-human transmission. Recent discoveries of novel henipaviruses in

China, Europe and other regions highlight the urgent need for enhanced

surveillance in both wildlife reservoirs such as bats, shrews, rodents, and human

populations, particularly in high-risk areas. Despite advancements in

metagenomic sequencing, gaps in integrated surveillance, fragmented One

Health implementation, and insufficient diagnostic infrastructure in large parts

of the world hinder global preparedness. This paper identifies key challenges in

henipavirus detection and control and proposes an operational roadmap for

surveillance, diagnostics, and cross-sectoral collaboration. With the known

animal hosts of henipaviruses and related henipa-like orthoparamyxoviruses

now documented across more than 130 countries and territories, strengthening

these capabilities is critical to preventing future epidemics and addressing the

evolving threat of emerging henipavirus diversity.

KEYWORDS

emerging infectious diseases, henipavirus, nipah virus, one health, public health
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Introduction

Henipaviruses belong to the Paramyxoviridae family (Orthoparamyxovirinae subfamily)

and include some of the most pathogenic zoonotic viruses known to infect humans. The

genus Henipavirus currently includes several recognized species, based on International

Committee on Taxonomy of Viruses classification: Henipavirus hendraense (commonly

referred to as Hendra virus, HeV), nipahense (Nipah virus, NiV), cedarense, ghanaense, and

angavokelyense (Walker et al., 2022). Since the initial emergence of HeV in Australia in 1994

(Murray et al., 1995b) and NiV in Malaysia in 1998 (Chua et al., 1999), several significant

NiV outbreaks have been documented, including a single outbreak in Singapore in 1999

(linked to transmission from Malaysia) (Paton et al., 1999), a single outbreak in the

Philippines in 2014 (Ching et al., 2015), and recurrent outbreaks in India and Bangladesh

from 2001 to the present (Harcourt et al., 2005; Chadha et al., 2006; Arankalle et al., 2011; Lo

et al., 2012; Islam et al., 2016; Thomas et al., 2019; Yadav et al., 2019; Rahman et al., 2021;

Sudeep et al., 2021; Paul et al., 2023; World Health Organization, 2025) (Supplementary

Figure S1). Henipaviruses are primarily hosted by natural reservoirs such as Pteropus bats

(commonly known as fruit bats or flying foxes), shrews, and rodents, which serve as

asymptomatic carriers (Mougari et al., 2022; Li et al., 2023). Current evidence indicates that
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NiV transmission to humans occurs through zoonotic spillover,

often via contact with contaminated animal excretions or

consumption of infected food, such as date palm sap

contaminated by bat saliva (Tan et al., 2024). NiV has repeatedly

demonstrated human-to-human transmission in close-contact

settings, with variability by lineage and context; outbreak

amplification often occurs in healthcare or household clusters

(Hegde et al., 2024). Human HeV infection occurs almost

exclusively through close contact with infected horses, particularly

via exposure to their respiratory secretions and other bodily fluids.

Horses are the established intermediate host in human infections

and direct bat-to-human transmission has not been confirmed

(Murray et al., 1995a).

Clinically, henipaviruses cause severe disease, with symptoms

ranging from febrile neurological disease and acute respiratory

distress to pneumonia and fatal encephalitis. Outcomes are

frequently severe, with reported case fatality rates reaching up to

75% for NiV and 57% for HeV, subject to variation across

outbreaks, healthcare settings, and diagnostic criteria (Chua et al.,

1999; Eaton et al., 2006). NiV and HeV diagnosis relies mainly on

real-time RT-PCR for detecting viral RNA in respiratory samples,

blood, urine, or cerebrospinal fluid during acute illness (Mazzola

and Kelly-Cirino, 2019; World Organization for Animal Health,

2022). Serological assays such as ELISA for IgM/IgG are used in

later stages or retrospectively, with confirmatory neutralization tests

performed at reference laboratories. In research or fatal cases, virus

isolation and immunohistochemistry on tissue samples may also be

applied. Emerging point-of-care platforms show promise for rapid

detection, but most remain in experimental or validation phases

(Pollak et al., 2022; Miao et al., 2023; van den Hurk et al., 2025).

There are no licensed human treatments or vaccines for

henipaviruses; clinical management is supportive for severe

respiratory and neurologic complications (US Centers for Disease

Control and Prevention, 2024). Among antiviral agents, remdesivir

confers protection in non-human primates when treatment is

initiated early, but only partial protection when treatment is

delayed (Lo et al., 2019; de Wit et al., 2023); favipiravir shows

activity in hamsters (with reports ranging from complete to partial

protection) (Dawes et al., 2018; Johnston et al., 2025), while human

efficacy data are lacking and ribavirin evidence remains limited to

observational reports (Levine et al., 2025). The monoclonal

antibody m102.4 (anti-G) is safe and well-tolerated in Phase 1

and has supportive animal and compassionate-use data (Bossart

et al., 2011; Playford et al., 2020). Vaccines are progressing – PHV02

(rVSV-NiV-G) completed Phase 1 and is moving toward Phase 2 in

Bangladesh (Coalition for Epidemic Preparedness Innovations,

2025), while ChAdOx1-NiV received European Medicines Agency

(EMA) PRIority MEdicines (PRIME) support in 2025 (Oxford

Vaccine Group, 2025) – and, in a One Health measure,

Australia’s Equivac HeV equine vaccine is licensed to protect

horses and reduce spillover risk (Zoetis, 2022). Taken together,

the lack of specific antiviral treatments or approved vaccines for

humans underscores the threat of NiV infection. Due to its high

mortality, potential for human-to-human spread, and absence of

effective medical countermeasures, NiV is prioritized by the WHO
Frontiers in Cellular and Infection Microbiology 02
for urgent research to prevent future epidemics (World Health

Organization, 2024).

Since the initial outbreaks of NiV in Southeast Asia and HeV in

Australia, several novel henipaviruses have subsequently been

discovered across Asia, Europe, Africa, and the Americas

(Table 1). The frequency of new henipavirus and henipa-like

orthoparamyxoviruses discoveries in recent years, especially in

China and Europe, reflects intensified surveillance of high-risk

small mammals and increased access to metagenomic approaches

(Vanmechelen et al., 2022; Chen et al., 2023; Horemans et al., 2023;

Haring et al., 2024; Kuang et al., 2025). In contrast, the

relative paucity of detections in other regions may reflect

surveillance gaps rather than true biogeographic restriction

(Sun et al., 2024). To date, more than twenty genetically distinct

henipaviruses (species demarcation withinHenipavirus and henipa-

like orthoparamyxoviruses is based on phylogenetic divergence of

complete large (L) protein amino acid sequences, with distinct

species defined by branch length separation (~0.03 substitutions per

site) in L protein–based trees (Rima et al., 2019)) have been reported

across all continents except Antarctica, with nearly half of these

identified in China (Supplementary Figures S2, S3). For instance,

within the shrew- and rodent-borne genetic cluster, Mojiang virus

(MojV) was temporally linked to a fatal pneumonia cluster among

miners in Yunnan province; however, a causal role remains

unproven (Wu et al., 2014). Langya virus (LayV) has been

detected in febrile patients in Shandong and Henan provinces,

with no deaths reported to date (Zhang et al., 2022). In addition,

several henipaviruses are identified from the shrews (Crocidura,

Chodsigoa, and Suncus genus) and rodents (Apodemus genus) hosts:

Wenzhou shrew henipavirus 1, Wenzhou Apodemus agrarius

henipavirus 1, Jingmen Crocidura shantungensis henipavirus 1

and 2, Wufeng Crocidura attenuata henipavirus 1, and Wufeng

Chodsigoa smithii henipavirus 1 (Chen et al., 2023). Interestingly,

two novel henipaviruses are detected for the first time from bats in

the Yunnan province in southwestern China, bordering a number

of Southeast Asian countries (Kuang et al., 2025). Designated as

Yunnan bat henipavirus 1 and Yunnan bat henipavirus 2, these

henipaviruses are grouped within the bat-borne cluster – with the

Yunnan bat henipavirus 1 identified as the closest known relative of

NiV and HeV (Supplementary Figure S2). These viruses are

detected in the kidneys of Rousettus leschenaultii, or the fulvous

fruit bats, which are relatively widespread across South and

Southeast Asia that thrive in diverse habitats, such as tropical

forests, caves, agricultural areas and even urban environments.

Similar to other henipavirus lineages newly discovered in China,

no human infections or seropositivity are reported to date, although

the pathogenicity and spillover risks of these viruses remain

unclear (Table 1).

The recent detections of novel henipaviruses emphasize the

critical need for comprehensive disease surveillance across human,

animal, and environmental sectors. These findings raise concerns

about emerging threats from previously undetected henipavirus

lineages. With their potential capacity for cross-species

transmission, such viruses pose a serious risk of future outbreaks.

Strengthened surveillance, research, and regional as well as
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TABLE 1 Overview of the genus Henipavirus and henipa-like orthoparamyxoviruses (family Paramyxoviridae, subfamily Orthoparamyxovirinae), including geographic origin and year of first identification, reservoir

hosts, potential for human infection, clinical disease characteristics, and reported case fatality rates.

Genome size, base pair
(GenBank accession number)

References

18,234 (NC00190) Murray et al., 1995b

18,246 (NC00272) Chua et al., 1999

18,162 (NC02535) Marsh et al., 2012

18,530 (NC025256) Drexler et al., 2009

16,740 (ON613535) Madera et al., 2022

Genome size, base pair
(GenBank accession

number)

References
(or GenBank
accession
number‡)

18,406 (NC025352) Wu et al., 2014

18,402 (OM101125) Zhang et al., 2022

19,755 (PQ621839) Kuang et al., 2025

17,723 (PQ621840) Kuang et al., 2025

18,426 (OQ715593) Chen et al., 2023

18,309 (MZ328275) MZ328275

18,535 (OM030314) OM030314

19,461 (OM030315) OM030315

18,379 (OM030317) OM030317

18,443 (OM030316) OM030316

19,471 (MZ574409) Lee et al., 2021

18,460 (MZ574407) Lee et al., 2021

19,944 (OK623353) Vanmechelen et al., 2022
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Genus Henipavirus
Country of first
identification

Year Hosts
Human
infection

Disease
characteristics

Case
fatality
rate

Hendra virus Australia 1994
Bats (Pteropus alecto,
conspicillatus, poliocephalus,
scapulatus)

Yes
Acute respiratory
distress, encephalitis

57%

Nipah virus Malaysia 1998
Bats (Pteropus vampyrus,
hypomelanus, lylei, medius)

Yes
Acute respiratory
distress, encephalitis

40-75%

Cedar virus Australia 2009
Bats (Pteropus alecto,
poliocephalus)

ND* NR† NR

Ghana virus Ghana 2009 Bats (Eidolon helvum) ND NR NR

Angavokely virus Madagascar 2019 Bats (Eidolon dupreanum) ND NR NR

Henipa-like
orthoparamyxoviruses

Country of first
identification

Year Hosts
Human
infection

Disease
characteristics

Case
fatality
rate

Mojiang virus China 2012 Rodents (Rattus flavipectus)≈ Yes Pneumonia 100% #

Langya virus China 2018
Shrews (Crocidura lasiura,
shantungensis)

Yes Fever, cough, fatigue No deaths

Yunnan bat henipavirus 1 China 2017 Bats (Rousettus leschenaultii) ND NR NR

Yunnan bat henipavirus 2 China 2017 Bats (Rousettus leschenaultii) ND NR NR

Wenzhou shrew henipavirus 1 China Unknown
Shrews (Suncus murinus),
rodents (Apodemus agrarius)

ND NR NR

Wenzhou Apodemus agrarius
henipavirus 1

China 2016 Rodents (Apodemus agrarius) ND NR NR

Jingmen Crocidura
shantungensis henipavirus 1

China 2016 Shrews (Crocidura shantungensis) ND NR NR

Jingmen Crocidura
shantungensis henipavirus 2

China 2016 Shrews (Crocidura shantungensis) ND NR NR

Wufeng Crocidura attenuata
henipavirus 1

China 2016 Shrews (Crocidura attenuata) ND NR NR

Wufeng Chodsigoa smithii
henipavirus 1

China 2016 Shrews (Chodsigoa smithii) ND NR NR

Daeryong virus South Korea 2017 Shrews (Crocidura shantungensis) ND NR NR

Gamak virus South Korea 2017 Shrews (Crocidura lasiura) ND NR NR

Melian virus Guinea 2018 Shrews (Crocidura grandiceps) ND NR NR
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international coordination are essential to address these

evolving threats.
Overarching challenges & research
priorities

Integrated surveillance

One of the most pressing challenges in responding to the

emergence of novel henipaviruses is the widespread lack of

integrated genomic and serological surveillance systems. In many

low- and middle-income countries (LMICs), particularly across

Asia where henipavirus outbreaks have occurred and in parts of

Africa where henipaviruses or their natural hosts have been

identified (Supplementary Figures S1, S3), surveillance remains

limited or narrowly focused on known pathogens, leaving

divergent henipavirus strains undetected. For instance, WHO

reported that one in three countries (about 33%) do not have in-

country genomic surveillance capacity for pathogens (World Health

Organization, 2022), despite the major investments made in

genomic surveillance in response to the COVID-19 pandemic.

Even fewer countries have established comprehensive serological

monitoring that spans human, animal, and wildlife species (Schulz

et al., 2020; Akoi Bore et al., 2024). Moreover, most surveillance

efforts are disease-specific and fail to capture the broader virome

present in wildlife or the environment. This fragmented approach

hampers early warning capabilities, delaying outbreak detection and

impeding rapid response, as seen in some previous spillover events

of NiV where rapid and early case identification was not available

(Hassan et al., 2025). Similarly, the identification of MojV as the

etiological agent for fatal cases of pneumonia was established six

months after the initial outbreak that occurred in an abandoned

mine in Yunnan province (Wu et al., 2014).

To close critical knowledge and preparedness gaps related to

novel and under-characterized henipavirus species, there is an

urgent need to strengthen surveillance systems across both animal

and human health domains (Supplementary Figure S4). A top

priority is the expansion of genomic and serological surveillance

in wildlife reservoirs, particularly bats, shrews, and rodents that

have been identified as natural hosts or potential carriers, with

coordinated sampling in human populations living in at-risk areas

(Moore et al., 2024). To improve efficiency and impact, surveillance

should be geographically targeted using spatial risk mapping that

integrates ecological and environmental determinants of spillover

risk, such as land-use change, climate variability, and host species

distribution (Sun et al., 2024). By aligning surveillance activities

with areas where cross-species transmission is most likely, data can

be generated to identify high-risk interfaces (e.g., bat-livestock-

human contact zones, wildlife markets) and to guide preventive

interventions. Standardized protocols for specimen collection (e.g.,

blood, oral swabs, urine, feces) and sequencing workflows are

needed to ensure both the quality and comparability of datasets

across studies and regions. Strengthening surveillance also requires

clear data governance frameworks to ensure timely but responsible
T
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sharing of genomic and epidemiological data across sectors and

borders. Equally important are enabling conditions for safe wildlife

sampling practices that emphasize personal protective equipment,

cold chain maintenance, and biosafety standards.

Within this broader framework, serological surveillance plays a

particularly important role in detecting past exposure and silent

transmission, especially in the absence of active infection

(Supplementary Figure S4) (Wang et al., 2023). Currently, assays

are available only for NiV, HeV, LayV, and Cedar virus (largely

limited to in-house or research-use platforms, as no commercialized

diagnostic kits are available), but interpretation remains

complicated by cross-reactivity with other paramyxoviruses.

Using more specific antigens (e.g., glycoprotein or prefusion

proteins) together with a tiered approach, such as ELISA or bead-

based multiplex assays screening followed by neutralization assays,

is recommended (Fischer et al., 2018). Such approaches not only

enhance diagnostic accuracy but also provide more reliable data for

understanding the true extent of henipavirus circulation in humans

and animal reservoirs.

In tandem with environmental and animal surveillance, there is

a critical need to establish longitudinal human cohort studies

focusing on patients presenting with febrile, respiratory and

neurological syndromes – clinical manifestations that may signal

early or atypical henipavirus infections. Continuous clinical

surveillance and systematic biobanking of patient samples in

endemic or high-risk areas can facilitate the detection of

emerging or cryptic viral threats. Integrating these patient-based

cohorts with genomic diagnostics, metagenomic sequencing, and

syndromic surveillance frameworks will enhance early outbreak

detection and allow for better characterization of clinical spectrum

and disease burden. Such cohort-based studies are especially

important in resource-limited settings, where underdiagnosis is

common and disease etiology often remains unresolved. Case

surveillance studies have shown an alarmingly high frequency of

febrile illnesses (~60%) (Rainey et al., 2022) and acute meningitis

and encephalitis (~70%) (Wang et al., 2022) of unknown etiology,

signaling under-detection of known and possibly novel pathogens,

and point to systemic blind spots in diagnostic capacity and disease

surveillance. Expanding access to syndromic and genomic

surveillance will be essential to closing these gaps. Strengthening

this clinical surveillance pillar alongside environmental and animal

health monitoring is essential to building a comprehensive, real-

time early warning system for henipaviruses (Supplementary

Figure S4).

In the regional context of disease surveillance in China,

sustained investment in laboratory capacity, including next-

generation sequencing and biospecimen repositories, is critical for

rapid detection and long-termmonitoring. Yunnan province, where

MojV and Yunnan bat henipaviruses 1 and 2 have been detected, is

particularly vulnerable to cross-species transmission due to its

exceptional biodiversity. The Yunnan Provincial Center for

Disease Control and Prevention (CDC), for example, has been

central to surveillance and genetic characterization of novel

henipaviruses, bat coronaviruses, and other high-risk zoonoses in

southern China (Luo et al., 2018; Yang et al., 2023; Kuang et al.,

2025). Its continuous field sampling and collaborative virus
Frontiers in Cellular and Infection Microbiology 05
discovery efforts have contributed valuable genomic data to global

early warning systems.

At the policy level, cross-border surveillance networks, capacity

building, and real-time data sharing are critical to accelerate

recognition of emerging threats and enable timely public health

responses. Because southern China and mainland Southeast Asia

are linked by ecologically connected, transboundary habitats, the

risk of henipavirus spillover extends across rather than within

national boundaries. Yunnan province, which borders Myanmar,

Laos, and Vietnam, is a region of particular concern. Strengthening

cross-border collaboration is therefore essential. The Mekong Basin

Disease Surveillance (MBDS) network has facilitated joint outbreak

investigations, data governance and sharing, and workforce training

since the early 2000s (Mekong Basin Disease Surveillance (MBDS)

network, 2025), and renewed post-COVID-19 momentum offers an

opportunity to reinvigorate this platform with a focus on emerging

zoonoses. Likewise, the Association of Southeast Asian Nations

(ASEAN)-China Health Cooperation has advanced diagnostics,

surveillance, and preparedness through regional dialogue and

technical collaboration (ASEAN-China Health Cooperation,

2024). Proactive inclusion of henipaviruses within these health

security agendas is both timely and necessary, and we propose

establishing a joint framework that bridges ASEAN-China

platforms with Bangladesh and India to strengthen preparedness

across the wider Asian corridor of risk.

One Health implementation

Despite growing global recognition of the One Health approach, its

implementation remains fragmented and inconsistent across countries

and sectors. Human, animal, and environmental health sectors often

continue to function independently, hindering data sharing and joint

risk assessment. The natural hosts of henipaviruses and related henipa-

like orthoparamyxoviruses are now documented in more than 130

countries and territories (Figure 1; Supplementary Table S1),

underscoring a wider potential for spillover than previously

recognized. However, geographic presence does not equate to local

abundance, and neither distribution nor density alone determines

spillover risk, which is shaped by additional ecological and

anthropogenic factors. Critical interfaces such as those between

wildlife, livestock, and humans remain under-studied, particularly in

rural and peri-urban settings where risk is likely elevated. A recent

global assessment reported that formal coordination mechanisms

across One Health sectors are underdeveloped in many LMICs

(Zhang et al., 2024). Additionally, ecosystem-level drivers of disease

emergence, including deforestation, agricultural intensification, and

biodiversity loss, are rarely monitored in tandem with health

surveillance systems. Southeast Asia, a known hotspot for zoonotic

spillovers, has experienced rapid land-use changes, with over 60million

hectares of forest lost in the last two decades (Feng et al., 2021),

intensifying contact between wildlife and human populations (Sanchez

et al., 2022). Without stronger intersectoral coordination and

environmental monitoring, the world remains vulnerable to future

henipavirus outbreaks and other zoonotic threats.

Effective implementation of the One Health approach for

henipavirus prevention requires a research agenda that addresses
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critical gaps in transmission ecology and environmental risk. One

priority area is the characterization of viral shedding dynamics in

reservoir and intermediate hosts, particularly bats, shrews, and

livestock species. Longitudinal surveillance studies that monitor

viral shedding in host urine across different seasons and

physiological states (e.g., breeding, gestation, or migration) could

help identify temporal patterns associated with increased zoonotic

risk (Plowright et al., 2015). Such data, when coupled with

ecological and climatic variables, would enable more accurate

modeling of spillover risk and inform targeted interventions at

high-risk interfaces.

Spatial risk models that integrate remote sensing data, species

distribution records, and land-use change metrics offer a promising

tool for predicting potential hotspots of viral emergence (Plowright

et al., 2021; Carlson et al., 2022). By combining satellite-derived

environmental indicators (e.g., vegetation cover, rainfall anomalies,

temperature shifts) with high-resolution maps of host and reservoir

species distributions, these models can capture ecological

conditions that facilitate viral maintenance and transmission.

Incorporating land-use dynamics, such as deforestation,

agricultural expansion, and urban encroachment, further helps

identify areas where human activities increase contact with

wildlife reservoirs (Jones et al., 2013). Operationalizing these

insights requires a dashboard of environmental drivers that

integrates deforestation alerts, livestock density data, and

culturally relevant risk practices (e.g., unprotected date palm sap

harvesting) into a public, quarterly updated platform. Such a tool

enables real-time monitoring of spillover drivers and issues timely

advisories to national and regional stakeholders. Measurable

outputs include the public availability of the dashboard, the

number of risk advisories generated, and documented evidence of
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their uptake in preparedness actions. Together, these integrated

approaches can pinpoint geographic zones of elevated spillover risk

and support scenario-based forecasting, providing evidence to guide

targeted surveillance, early warning systems, and preventive

interventions (Supplementary Figure S4).

Diagnostic infrastructure

Diagnostic capacity for henipaviruses remains severely

constrained, with testing confined to a limited number of

specialized reference laboratories equipped with advanced

biosafety facilities (World Health Organization, 2022). This gap

represents a critical barrier to timely outbreak detection and case

confirmation, especially in regions at highest risk of zoonotic

spillover. A recent survey highlighted that fewer than 20% of

health facilities in low-income settings, particularly across Africa,

had access to diagnostic platforms, even for high-burden diseases

such as HIV/AIDS and malaria (Yadav et al., 2021), underscoring

the magnitude of inequities in laboratory capacity. Within this

context, point-of-care assays and rapid diagnostic tools for

henipaviruses remain scarce, especially in rural and high-risk

regions where they are most needed (Hassan et al., 2025).

Addressing these diagnostic gaps requires urgent investment in

both tool development and system-level strengthening (Okeke and

Ihekweazu, 2021). A priority is the development and validation of

multiplex PCR assays and rapid antigen tests capable of detecting a

broad range of known and novel henipaviruses, enabling differential

diagnosis in febrile, respiratory, and encephalitic illness

presentations. While metagenomic sequencing offers unparalleled

breadth for pathogen discovery, its implementation in low-resource

settings is constrained by cost, infrastructure requirements, and
FIGURE 1

Global distribution of animal hosts of henipaviruses and related henipa-like orthoparamyxoviruses. Mapped regions (in red) indicate the ranges of all
known natural hosts of henipaviruses and related henipa-like orthoparamyxoviruses (Table 1), including bats (Pteropus, Eidolon, Rousettus spp.),
shrews (Crocidura, Chodsigoa, Suncus, Sorex, Blarina spp.), rodents (Rattus, Apodemus spp.), and marsupials (Marmosa spp.). Host range data were
obtained from the International Union for Conservation of Nature (IUCN) Red List of Threatened Species (version 2025-1). Countries and territories
overlapped with these ranges were identified through a vector–raster overlay analysis, using global administrative boundaries from the Natural Earth
dataset (version 5.1.1); a unit was classified as included if at least 1%, 5% or 10% of its land area intersected a host range. This provides an
approximate but reproducible method, with minor uncertainty related to resolution and classification thresholds.
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technical complexity, making multiplex PCR a more feasible

frontline solution. Equally critical is the establishment of global

validation pipelines, such as WHO prequalification and regional

reference standards, to ensure diagnostic accuracy and

comparability across platforms.

Emerging point-of-care platforms such as reverse transcription

loop-mediated isothermal amplification (RT-LAMP), reverse

transcription recombinase polymerase amplification (RT-RPA),

and CRISPR-based assays offer promising alternatives for rapid

detection of NiV and HeV (Pollak et al., 2022; Miao et al., 2023; van

den Hurk et al., 2025). Compared with multiplex PCR, these

methods are generally faster, easier to use, and less reliant on

advanced laboratory infrastructure, which makes them attractive

for deployment in resource-limited settings (Supplementary Table

S2). They also have the potential to reduce costs and cold-chain

dependence, although reagent stability in tropical environments

remains a challenge. CRISPR-based assays, in particular, offer high

specificity through programmable guide RNAs, but like other

isothermal methods, they remain in early development or

validation with limited performance data, constraining their

immediate application for large-scale surveillance or outbreak

response. It is also important to note that primer and probe

design for henipavirus assays requires particular attention to

lineage divergence within the G, N, and F genes. For broad

coverage, degenerate primers or pooled primer sets are often

necessary, complemented by in silico inclusivity analyses against

all available NiV and HeV sequences. Such analyses are essential to

ensure that assays can reliably detect both prototype and divergent

strains, and to minimize false negatives when applied in surveillance

across regions where multiple lineages co-circulate. Therefore, while

these assays represent promising complements to multiplex PCR,

significant hurdles must be overcome before they can reliably

support henipavirus surveillance and outbreak response.

Accordingly, multiplex RT-PCR remains the primary clinical

confirmatory method (Guillaume et al., 2004; Feldman et al.,

2009; Mazzola and Kelly-Cirino, 2019), while isothermal and

CRISPR-based assays are better positioned for field screening and

surge triage pending further validation.

Expanding local laboratory capacity, especially in LMICs where

spillover risk is concentrated, will require improving assay

performance, strengthening regional networks, workforce

training, and collaborative technology transfer. Together, these

measures are essential to close the diagnostic divide and enhance

early detection of henipavirus spillover events.

While genomic characterization and molecular diagnostics

remain central to henipavirus detection and surveillance, it is

important to note that functional virological assays are often

required to assess host range and zoonotic potential of newly

identified henipaviruses. In particular, pathogenic henipaviruses

such as NiV and HeV are known to utilize the highly conserved

ephrin-B2 and ephrin-B3 cellular receptors, a feature that

underpins their broad mammalian tropism and severe

pathogenicity (Bonaparte et al., 2005; Negrete et al., 2005).

Accordingly, receptor-binding and pseudotyped virus entry

assays, as well as reverse-genetics-based systems, have been widely

employed to interrogate viral entry, fusion efficiency, and
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replication competence across species (Yun et al., 2015).

Comprehensive descriptions of functional approaches for receptor

usage studies and reverse-genetics platforms for henipaviruses have

been reported elsewhere, and are not further discussed in this

article, which focuses on molecular diagnostics and detection

strategies applicable to surveillance and outbreak settings.
Concluding remarks

The identification of novel henipaviruses and henipa-like

orthoparamyxoviruses underscores the persistent risk of zoonotic

spillover and the need for proactive global health measures. Current

limitations in surveillance, fragmented One Health coordination, and

inadequate diagnostic tools in high-risk regions leave the world

vulnerable to outbreaks. Addressing these challenges requires a

multifaceted approach: expanding genomic and serological

surveillance in wildlife and human populations, fostering

intersectoral collaboration under the One Health framework, and

investing in accessible diagnostic technologies. By prioritizing these

strategies, the global community can enhance early detection, improve

outbreak response, and mitigate the threat of henipaviruses. As these

viruses continue to evolve, sustained research, international

cooperation, and equitable resource allocation will be essential to

safeguarding public health against future epidemics.
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