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[bookmark: _GoBack]ABSTRACT
Nipah virus (NiV) is a high-consequence zoonotic pathogen associated with severe human disease, high case-fatality rates, and significant epidemic potential. Although no sustained transmission has been reported in the Philippines since the 2014 outbreak involving 17 human cases and 9 deaths, ecological evidence of viral circulation in bat reservoirs and increasing regional outbreaks emphasize the need for proactive national preparedness. This study conducted a systematic review and national gap analysis to assess Nipah virus readiness in the Philippines, focusing on laboratory diagnostic capacity, biosafety and biosecurity systems, and specimen referral and transport networks. A comprehensive search of peer-reviewed literature and authoritative operational sources published between 2000 and 2025 was performed following PRISMA 2020 guidelines. Data were synthesized thematically and compared against international preparedness benchmarks for high-consequence infectious diseases. Twenty-one sources met inclusion criteria, comprising academic studies and operational reports. The findings indicate that the Philippines has achieved intermediate preparedness, characterized by strengthened surveillance, reference-level molecular diagnostic capability, and coordinated border health measures. However, persistent gaps remain, including centralized confirmatory testing, variable access to diagnostics at subnational levels, limited public documentation of biosafety governance, and logistical challenges in specimen referral across the archipelago. While sector-specific surveillance systems have been strengthened, integration of human, animal, and environmental surveillance data under a unified One Health framework remains limited. Strengthening decentralized diagnostics, reinforcing biosafety systems, and optimizing specimen referral pathways are essential to improve early detection and rapid containment. Addressing these gaps will enhance national readiness for Nipah virus and other emerging zoonotic threats with pandemic potential.
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INTRODUCTION
Nipah virus (NiV) is a highly pathogenic zoonotic, negative-sense, single-stranded RNA virus belonging to the genus Henipavirus within the family Paramyxoviridae. It is capable of causing severe febrile illness, acute respiratory distress, and fatal encephalitis in humans, with reported case-fatality rates ranging from 40% to over 70% in documented outbreaks (Rathish & Vaishnani, 2025; Ang et al., 2018). The natural reservoir hosts of Nipah virus are fruit bats of the genus Pteropus, with spillover to humans occurring through direct contact with infected animals, consumption of contaminated food products, or subsequent human-to-human transmission, particularly in healthcare settings (Ganguly et al., 2025; Epstein et al., 2020; Singh et al., 2019;). Due to its epidemic potential, absence of licensed vaccines or specific antiviral therapy, and significant public health impact, Nipah virus is classified by the World Health Organization as a priority pathogen under the Research and Development Blueprint (WHO, 2023).
From a public health preparedness standpoint, Nipah virus is categorized as a high-consequence infectious disease (HCID) and is associated with biosafety level-4 (BSL-4) containment requirements for live virus handling, although molecular detection on appropriately inactivated clinical specimens may be performed under enhanced containment practices consistent with national biosafety guidance, while live virus work requires the highest containment (CDC, 2023; Chan et al., 2025). Assessment of preparedness for such pathogens typically relies on multidimensional frameworks encompassing laboratory diagnostic capacity, biosafety and biosecurity systems, and specimen referral and transport networks. Diagnostic readiness is primarily evaluated through the availability of molecular diagnostic techniques, particularly real-time reverse transcription polymerase chain reaction (RT-PCR) for Nipah virus RNA detection in clinical specimens, supported by trained laboratory personnel, quality assurance through proficiency testing, and reliable reporting mechanisms (Garbuglia et al., 2023; Borges et al., 2025; Inbanathan et al., 2024; WHO, 2026). In parallel, biosafety and biosecurity assessments for Nipah virus examine laboratory infrastructure (BSL-3/4 with negative pressure and HEPA filtration), personal protective equipment (PPE) availability (PAPRs, impermeable suits, double gloving), waste management procedures (autoclaving followed by incineration), staff training (annual simulations and risk assessments), and compliance with standard operating protocols.(Artika & Ma’roef, 2017; Vaughan, 2022).
At the population level, Nipah virus preparedness has gained increasing relevance due to global trends that heighten zoonotic spillover risk, including deforestation, agricultural intensification, urban expansion, climate change, and increased human mobility (Plowright et al., 2017;WHO, 2025). Outbreaks in South and Southeast Asia have demonstrated that delayed diagnosis and inadequate biosafety measures can result in rapid healthcare-associated transmission, increased mortality, and significant socioeconomic disruption (Arunkumar et al., 2019; WHO, 2022). Consequently, strengthening laboratory systems and referral pathways is widely recognized as a core pillar of global health security and pandemic preparedness, even in countries without prior documented outbreaks (Kluge et al., 2018).
The Philippines represents a setting of particular interest within this regional context. The country hosts widespread Pteropus bat populations, maintains close interfaces between wildlife, livestock, and human communities, and experiences frequent inter-island and international population movement. While no new confirmed Nipah virus cases have been officially reported in the Philippines since the 2014 Mindanao outbreak, which involved 17 human cases and 9 deaths, evidence of henipavirus exposure among bats and the country’s experience with emerging infectious diseases support the need for proactive preparedness (WHO, 2026; Kaku et al., 2025; Khan et al., 2024;Ramos & Nemenzo-Calica, 2025). Furthermore, the archipelagic geography of the Philippines poses logistical challenges to specimen referral and transport, potentially affecting diagnostic turnaround time and coordinated outbreak response, especially during public health emergencies or extreme weather events.
Despite global recognition of Nipah virus as a priority pathogen, existing studies in the Philippines and comparable settings have largely focused on general emerging infectious disease preparedness, surveillance policy, or outbreak response narratives from affected countries. Comprehensive, pathogen-specific national analyses examining laboratory diagnostic capacity, biosafety and biosecurity systems, and specimen referral networks for Nipah virus in pre-emergence contexts remain limited. This gap constrains evidence-based preparedness planning and may obscure critical system vulnerabilities that could delay detection and containment in the event of a future spillover.
This study therefore aims to conduct a national gap analysis of Nipah virus readiness in the Philippines, focusing on laboratory diagnostic capacity, biosafety and biosecurity systems, and specimen referral and transport networks. 
Specifically, the objectives are to:
1. Systematically synthesize available evidence on existing laboratory and public health infrastructure relevant to Nipah virus detection and containment;
2. Identify structural and operational gaps affecting national preparedness; and
3. Propose context-appropriate strategies to strengthen readiness in alignment with international health security standards.
METHODS
Study Design and Reporting Framework
This study was conducted as a systematic review with national gap analysis, designed to assess Nipah virus readiness in the Philippines across three core domains: laboratory diagnostic capacity, biosafety and biosecurity systems, and specimen referral and transport networks. The review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines to ensure methodological transparency, reproducibility, and rigor (Page et al., 2021). A PRISMA 2020 flow diagram was used to document the study selection process.
Search Strategy
A comprehensive literature search was conducted across multiple electronic databases to identify relevant peer-reviewed and grey literature on Nipah virus preparedness. The databases searched included PubMed/MEDLINE, Scopus, Web of Science, Embase, and Google Scholar. In addition, targeted searches were performed on the official websites of international and national public health organizations, including the World Health Organization, national health authorities, and regional laboratory networks. The search strategy combined controlled vocabulary (such as MeSH terms) and free-text keywords related to Nipah virus preparedness, laboratory systems, and public health infrastructure. Search terms included combinations of Nipah virus or Henipavirus, laboratory preparedness, diagnostic capacity, or RT-PCR, biosafety, biosecurity, BSL-3, or BSL-4, specimen referral, sample transport, or laboratory networks, public health preparedness or health system readiness, and geographic identifiers such as Philippines or Southeast Asia. Boolean operators were applied to refine the search strategy. The search period spanned January 2000 to February 2026, reflecting the emergence of Nipah virus and subsequent developments in laboratory and health system preparedness, and only articles published in English were included. 
Other sources included official publications and web-based reports from the World Health Organization (WHO), the Philippine Department of Health (DOH-PH) and its attached agencies including the Research Institute for Tropical Medicine (RITM), the Department of Science and Technology–Philippine Council for Health Research and Development (DOST-PCHRD), the Philippine News Agency (PNA), and established national (PH-Media) and international media organizations (Intl-Media) reporting official surveillance and preparedness updates.
Eligibility Criteria
Studies and documents were included in this review if they addressed Nipah virus or comparable high-consequence zoonotic pathogens and reported on key components of preparedness, including laboratory diagnostic capacity, biosafety and biosecurity practices, or specimen referral and transport systems. Eligible sources were required to present national, regional, or health-system-level data relevant to preparedness or readiness and to be published as peer-reviewed journal articles, technical reports, policy documents, or authoritative guidelines. In addition, included studies had to be applicable to the Philippine context or to comparable low-incidence or pre-emergence settings in South or Southeast Asia, where proactive preparedness planning is critical despite the absence of widespread outbreaks.
Sources were excluded if they focused exclusively on clinical management or therapeutic interventions without addressing laboratory or health system dimensions of preparedness. Case reports and outbreak narratives that lacked substantive discussion of diagnostic systems, biosafety frameworks, or public health infrastructure were also excluded. Experimental animal studies and laboratory infection studies were not considered, as the review emphasized systems-level preparedness rather than virological experimentation. Furthermore, opinion pieces without empirical evidence or policy grounding, as well as sources with insufficient methodological detail or inaccessible full text, were excluded from the final synthesis.
Study Selection Process
All identified records were imported into a reference management system, and duplicates were removed prior to screening. Title and abstract screening were independently performed to assess relevance against the eligibility criteria. Full-text screening was subsequently conducted for all potentially eligible sources. Discrepancies during screening were resolved through discussion and consensus. The selection process was documented using a PRISMA 2020 flow diagram, detailing the number of records identified, screened, excluded, and included in the final synthesis.
Data Extraction
A standardized data extraction form was developed to ensure consistency and comparability across all included studies and documents. Extracted information encompassed the author(s) and year of publication, study design or document type, and geographic scope. Data relevant to laboratory diagnostic capacity were collected, including indicators such as the availability of molecular testing, laboratory tiering, and workforce training. Information on biosafety and biosecurity components, such as containment level, availability and use of personal protective equipment, waste management practices, and standard operating procedures, was also extracted. In addition, characteristics of specimen referral and transport systems, including logistics, cold-chain maintenance, and diagnostic turnaround time, were documented. Key findings related to preparedness gaps and existing system strengths were systematically recorded, and all extracted data were organized according to the three predefined analytical domains of laboratory diagnostics, biosafety and biosecurity, and specimen referral networks.
Data Synthesis and Gap Analysis
A narrative thematic synthesis approach was employed due to heterogeneity in study designs and data sources. Findings were grouped into thematic categories corresponding to laboratory diagnostics, biosafety and biosecurity, and specimen referral systems. A gap analysis framework was applied by comparing existing national capacities against international benchmarks and recommended standards for high-consequence pathogen preparedness. Identified gaps were further analyzed in relation to structural, operational, and geographic factors specific to the Philippine health system. This approach enabled the development of targeted, context-appropriate recommendations.
Preparedness classification
The overall level of preparedness was classified qualitatively based on a structured gap analysis across the three predefined domains: laboratory diagnostic capacity, biosafety and biosecurity systems, and specimen referral and transport networks. No formal numerical scoring tool was applied. Instead, national capacities were interpreted relative to international benchmarks and published expectations for preparedness for high-consequence infectious diseases. ‘Intermediate preparedness’ was used to denote the presence of functional systems and documented capacity-building initiatives, alongside persistent structural or operational gaps that limit full decentralization, integration, and resilience.
Risk of Bias and Quality Considerations
Formal quantitative risk-of-bias tools were not applied, as the review included diverse non-experimental sources such as policy documents and technical reports. However, source credibility was assessed based on issuing authority, methodological clarity, consistency with international standards, and relevance to national preparedness planning.
Ethical Considerations
This study relied exclusively on publicly available secondary data and did not involve human participants, patient data, or experimental procedures. As such, ethical approval was not required.
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Figure 1. PRISMA 2020 flow diagram of evidence selection for Nipah virus preparedness in the Philippines
A total of 132 records were identified through database searches of peer-reviewed literature (PubMed, Scopus, and Web of Science) and targeted searches of government portals and reputable media sources. After removal of 34 duplicate records, 98 records remained for title and abstract screening. Of these, 61 records were excluded due to irrelevance to Nipah virus, lack of relevance to the Philippines or Southeast Asia, or absence of preparedness-related content.
The full texts of 37 articles and reports were assessed for eligibility. Following full-text review, 16 records were excluded because of insufficient methodological detail, duplication of data, opinion-only content, or lack of relevance to diagnostics, biosafety, surveillance, or preparedness outcomes. Ultimately, 21 publications met the inclusion criteria and were incorporated into the final synthesis.
[bookmark: _6cv1cgiurdfb]Study Selection and Included Evidence
Following screening and eligibility assessment, 21 publications were included in the final synthesis (Figure 1). These consisted of 8 peer-reviewed academic studies and 13 operational and contextual sources. The academic literature included epidemiologic analyses, outbreak investigations, diagnostic and laboratory capacity reviews, and wildlife surveillance studies relevant to Nipah virus in the Philippine and regional context. The operational sources comprised government reports, institutional advisories, local health system documents, and reputable media publications, which provided information on surveillance status, preparedness measures, and health system responses not routinely documented in peer-reviewed journals. Together, these sources offered complementary perspectives on Nipah virus epidemiology, diagnostics, biosafety, surveillance, and preparedness.
In accordance with established practices in outbreak preparedness and health systems research, non–peer-reviewed sources were intentionally included to ensure a comprehensive assessment of operational readiness. Key preparedness indicators, such as border health measures, real-time surveillance updates, diagnostic referral pathways, infection prevention policies, and confirmation of the absence of new cases, are often reported first, and sometimes exclusively, through official government advisories and national reporting mechanisms. Excluding these sources would have resulted in an incomplete evaluation of national preparedness. To maintain methodological rigor, only materials from recognized government agencies, official health institutions, and established news organizations were included, and these sources were used to contextualize preparedness activities rather than to infer causal epidemiologic relationships.
For analytical clarity, the included literature was categorized into two evidence streams. Academic evidence (n = 8) comprised peer-reviewed original research and narrative reviews addressing Nipah virus epidemiology, outbreak dynamics, diagnostics, laboratory systems, and wildlife reservoirs. Operational evidence (n = 13) included government surveillance reports, health system advisories, institutional capacity-building documents, and credible media publications documenting real-time preparedness activities, border health controls, surveillance outcomes, and policy responses. This dual-stream approach enabled an integrated assessment of both scientific knowledge and real-world operational readiness, which is essential for evaluating preparedness for high-consequence zoonotic diseases.


RESULTS: SYNTHESIS OF RELATED LITERATURE
Horby, Pfeiffer, and Oshitani (2013) examined prospects for emerging infectious diseases in East and Southeast Asia a decade after the SARS outbreak, providing an important regional context for understanding Nipah virus preparedness. Although not focused on Nipah virus specifically, their analysis identified the region as a persistent hotspot for zoonotic disease emergence driven by rapid environmental change, agricultural intensification, urbanization, and increasing human–animal interfaces. The authors noted that countries in the region had made substantial progress in surveillance and response capacity since SARS, suggesting improvements in laboratory detection and reporting systems. However, they emphasized a major preparedness gap in the lack of sufficiently refined tools and methodologies to assess disease emergence risk across heterogeneous and dynamic settings. This regional perspective underscores the need for pathogen-specific national readiness assessments, including those focused on Nipah virus in the Philippine context.
Population-level evidence further supports the regional relevance of Nipah virus and underscores the importance of preparedness in countries with zoonotic risk. Khan et al. (2024), in a 25-year synthesis of reported outbreaks (1998–2024), described substantial morbidity and mortality across South and Southeast Asia. Within this regional framing, the Philippine Mindanao event (2014) is frequently discussed in the literature as a henipavirus outbreak with Nipah virus or a Nipah-like virus considered the most plausible etiologic agent based on epidemiologic linkage and available laboratory testing (Ching et al., 2015; Clayton, 2017). Although Khan et al. (2024) did not evaluate laboratory systems or biosafety capacity, such syntheses reinforce that recognition and reporting of high-consequence zoonoses depend on timely diagnostics, strong surveillance, and effective referral mechanisms.
According to Ching et al., (2015), The outbreak involved 17 confirmed human cases, including 9 fatalities, corresponding to a case-fatality ratio of approximately 53% in Sultan Kudarat and reported findings consistent with infection due to Nipah virus or a closely related henipavirus. The study documented severe disease among humans and horses, high case fatality, and evidence of both horse-to-human and human-to-human transmission. Infection was associated with exposure to infected horses, slaughtering activities, and consumption of undercooked horse meat, with fruit bats identified as the most likely reservoir. Although serologic testing and epidemiologic linkage supported confirmation of infection with Nipah virus or a closely related henipavirus, details on molecular diagnostic platforms and laboratory tiering were limited. Notably, major biosafety gaps were identified, as caregivers used no protective equipment and healthcare workers lacked eye protection, revealing deficiencies in infection prevention and control during the outbreak.
These findings align with broader regional observations summarized by Clayton (2017), who reviewed Nipah virus transmission dynamics across Malaysia, Singapore, India, Bangladesh, and the Philippines. The review emphasized that human-to-human transmission, particularly during caregiving and healthcare interactions, has played a major role in outbreaks, especially in Bangladesh, and has also occurred in India and the Philippines. While the article did not assess diagnostic infrastructure, it highlighted infection control during patient care as a central preparedness challenge, reinforcing the importance of biosafety practices beyond laboratory settings.
Salvaña (2023) further noted that nucleic acid–based confirmation was limited during the 2014 event, with only a small subset supported by RT-PCR and partial genome sequencing, while the remaining cases were identified through serology and epidemiologic linkage. This observation illustrates both the availability of advanced reference-level diagnostics and limitations in sensitivity, access, and decentralization during outbreak conditions. The commentary again identified biosafety failures among healthcare workers as contributors to secondary transmission, underscoring persistent gaps in frontline infection prevention and control.
Diagnostic readiness and laboratory systems were examined in greater depth by Mazzola and Kelly-Cirino (2019), who reviewed Nipah virus diagnostics in Southeast Asia. They reported the availability of serologic assays and molecular techniques, including early multiplex panels, but emphasized that these diagnostics remain largely centralized in specialized laboratories. The authors identified critical gaps, including the absence of point-of-care tests, limited access to well-characterized clinical specimens, lack of routine external quality assurance, and incomplete understanding of viral and antibody kinetics. These constraints limit early detection, surveillance, and validation of diagnostic tools, with direct implications for national preparedness.
Recent efforts in the Philippines demonstrate progress in addressing these gaps. Dimaano (2024) documented a national laboratory capacity-building initiative led by the Research Institute for Tropical Medicine through its National Reference Laboratory for Special Pathogens. The program trained subnational laboratories in real-time RT-PCR detection of Nipah virus, biosafety precautions, specimen handling, and referral procedures for confirmation and genomic characterization. This initiative represents a significant system strength, indicating advances in decentralized diagnostic capacity, biosafety awareness, and development of a functional referral network under a One Health framework.
Wildlife surveillance findings further reinforce the relevance of preparedness. Rekedal et al. (2025) reported serological evidence of Nipah virus circulation among flying fox populations in Luzon, identifying a measurable seroprevalence and neutralizing antibodies in Pteropus species. Although human diagnostic integration and biosafety governance were not examined, the study confirms ongoing zoonotic risk and highlights the importance of linking animal surveillance with human health systems.
Between 2023 and 2026, multiple national and subnational reports consistently confirmed the absence of new Nipah virus cases in the Philippines since 2014 (Relativo, 2023; Manila Bulletin, 2023; Quismorio, 2023; Matibag, 2026; Clores, 2026). These reports emphasized sustained surveillance, public risk communication, and strengthened infection prevention policies led by the Department of Health, though most lacked technical detail on laboratory readiness. Border preparedness featured prominently in later reports, which described thermal scanning, trained nursing spotters, e-Travel health declarations, and referral to designated hospitals such as the Research Institute for Tropical Medicine (Rocamora, 2026; Sampang, 2026; Flores, 2026; Xinhua, 2026; GMA Integrated News, 2026). While these measures demonstrate strong border health security and coordination, they provide limited insight into diagnostic turnaround times, laboratory containment capacity, or biosafety governance.
Local-level evidence revealed persistent operational constraints. The City Health Office of Cagayan de Oro (2023) reported that suspected samples must be referred to Manila, with diagnostic turnaround times of one to two weeks, highlighting continued centralization of testing and delays in confirmation. Governance-level documents, including advisories from the Philippine Inter-Agency Committee on Zoonoses and the 2026 DOST-PCHRD Call for Proposals, reflect strong intersectoral coordination and political commitment to emerging infectious disease preparedness, but function primarily as policy instruments rather than operational assessments.
Taken together, the literature indicates that the Philippines possesses documented experience with Nipah virus transmission, improving laboratory capacity, active surveillance, and robust border health measures. However, persistent gaps remain in decentralized diagnostics, frontline biosafety implementation, specimen referral efficiency, and publicly available technical documentation of operational readiness. These findings collectively justify the need for a systematic national gap analysis focusing on laboratory diagnostic capacity, biosafety systems, and specimen referral networks to inform evidence-based preparedness for Nipah virus and other high-consequence zoonotic threats.
DISCUSSION
This national gap analysis provides a structured assessment of Nipah virus readiness in the Philippines across three interdependent domains: laboratory diagnostic capacity, biosafety and biosecurity systems, and specimen referral and transport networks. The synthesis of academic and operational evidence indicates that while the Philippines has made notable progress in surveillance, border health measures, and reference-level diagnostic capability, significant gaps persist that could delay early detection and containment in the event of a future Nipah virus spillover.
The findings suggest that the Philippines possesses baseline diagnostic readiness for Nipah virus at the national reference level, particularly through the Research Institute for Tropical Medicine and its National Reference Laboratory for Special Pathogens. Recent capacity-building initiatives, including training of subnational laboratories in real-time RT-PCR detection and specimen handling, represent a major system strength and align with World Health Organization recommendations on integrated laboratory networking and surge capacity for high-consequence pathogens (WHO, 2022; Dimaano, 2024). Similar decentralization efforts have been shown to improve outbreak responsiveness in other Southeast Asian settings (Garbuglia et al., 2023; Inbanathan et al., 2024).
However, the literature also highlights continued centralization of confirmatory testing, limited public documentation of laboratory tiering, and variable access to molecular diagnostics at peripheral and island-based facilities. Reports of diagnostic turnaround times ranging from one to two weeks for suspected cases referred to Manila underscore operational vulnerabilities related to geography and logistics (City Government of Oroquieta, 2023). Delayed confirmation has been identified as a critical risk factor for nosocomial transmission and outbreak amplification in previous Nipah outbreaks in India and Bangladesh (Arunkumar et al., 2019; Khan et al., 2024).
The reliance on serologic testing during the 2014 Philippine outbreak (17 cases, 9 deaths), with limited nucleic acid–based confirmation, illustrates historical constraints in molecular diagnostic access and decentralization (Ching et al., 2015; Salvaña, 2023). Although advances have been made since then, the absence of point-of-care diagnostics, limited reporting on external quality assurance participation, and unclear integration of wildlife and human diagnostic data remain challenges consistent with broader regional observations (Mazzola & Kelly-Cirino, 2019; Rekedal et al., 2025).
Biosafety and biosecurity emerged as one of the most critical and persistent gaps identified in this review. Evidence from the 2014 outbreak revealed substantial deficiencies in infection prevention and control, including lack of personal protective equipment among caregivers and healthcare workers and inadequate risk awareness during patient care (Ching et al., 2015). Similar biosafety failures have been repeatedly implicated in human-to-human transmission of Nipah virus in South Asia (Clayton, 2017; Hughes et al., 2009). While national advisories and recent reports emphasize strengthened infection control policies, PPE availability, and border screening measures, there remains limited publicly available documentation on laboratory containment infrastructure, routine biosafety audits, waste management validation, and the frequency of simulation-based training for high-consequence pathogens.
International guidance emphasizes that preparedness for agents such as Nipah virus requires not only infrastructure but also sustained competency-based training, incident reporting systems, and governance mechanisms that ensure compliance with biosafety protocols (Artika & Ma’roef, 2017; Vaughan, 2022; Chan et al., 2025). The classification of Nipah virus as a biosafety level-4 pathogen for live virus handling further complicates preparedness in pre-emergence settings. Although diagnostic work on inactivated specimens can be conducted under enhanced BSL-2 or BSL-3 conditions, gaps in clarity regarding laboratory authorization, staff credentialing, and escalation pathways may hinder rapid response during suspected events (CDC, 2023; Borges et al., 2025).
The archipelagic geography of the Philippines introduces unique challenges to specimen referral and transport, which emerged as a recurrent theme in the reviewed literature. Centralized confirmatory testing, inter-island transport delays, weather-related disruptions, and cold-chain vulnerabilities can collectively extend diagnostic turnaround times and delay public health action. Comparable challenges have been documented in other geographically fragmented or low-incidence settings, where referral inefficiencies undermined outbreak containment despite available diagnostics (Kluge et al., 2018; WHO, 2022). Although the Philippines has demonstrated strong coordination in border health surveillance and inter-agency communication during regional Nipah alerts, technical details on specimen transport timelines, cold-chain validation, and contingency routing remain limited in the public domain. This lack of transparency constrains objective assessment of system resilience and mirrors broader gaps observed in emerging infectious disease preparedness reporting globally (Horby et al., 2013; Plowright et al., 2017).
The presence of serologic evidence of Nipah virus exposure among Philippine bat populations reinforces the relevance of a One Health approach to preparedness (Kaku et al., 2025; Rekedal et al., 2025). While wildlife surveillance studies confirm ongoing zoonotic risk, integration of animal health data with human diagnostic systems appears limited in operational reporting. International experience indicates that failure to link animal, environmental, and human surveillance delays recognition of spillover events and undermines early warning systems (Plowright et al., 2017; WHO, 2025). Encouragingly, governance-level initiatives and research funding calls reflect growing political commitment to emerging infectious disease preparedness in the Philippines, though these instruments primarily function at the policy level and do not substitute for routine, publicly documented assessments of operational readiness.
Taken together, the findings indicate that the Philippines has transitioned from minimal to intermediate preparedness for Nipah virus since the 2014 outbreak, characterized by improved surveillance, strengthened reference laboratory capacity, and active border health measures. Nonetheless, persistent gaps in decentralized diagnostics, frontline biosafety implementation, specimen referral efficiency, and operational transparency remain. These vulnerabilities are particularly consequential for high-consequence zoonotic pathogens, where early detection and rapid containment are essential to prevent healthcare-associated transmission and societal disruption (Kluge et al., 2018; Chan et al., 2025). The results of this gap analysis underscore the need for sustained investment in laboratory networking, biosafety governance, and resilient specimen referral systems, not only for Nipah virus but also for other emerging zoonoses with pandemic potential.

CONCLUSION
This national gap analysis demonstrates that the Philippines has achieved measurable progress in Nipah virus preparedness since the 2014 outbreak involving 17 cases and 9 deaths, particularly in surveillance activities, reference-level diagnostic capacity, and border health measures. The presence of trained national laboratories, growing molecular diagnostic capability, and coordinated inter-agency response mechanisms reflects increasing alignment with international frameworks for high-consequence infectious disease preparedness.
However, the findings also reveal persistent structural and operational gaps that could delay early detection and containment of a future Nipah virus event. These include continued centralization of confirmatory diagnostics, uneven access to molecular testing at subnational levels, limited publicly documented biosafety governance, and logistical challenges in specimen referral and transport across the country’s archipelagic setting. Gaps in the operational integration of One Health surveillance further constrain early warning capacity despite documented zoonotic risk.
Overall, based on a qualitative, benchmark-referenced gap analysis across laboratory diagnostics, biosafety systems, and specimen referral networks, the Philippines can be characterized as having intermediate preparedness for Nipah virus in a pre-emergence context. Strengthening decentralized laboratory networks, reinforcing biosafety and biosecurity systems, and optimizing specimen referral pathways will be essential to improve readiness. Addressing these gaps will not only enhance national capacity to detect and contain Nipah virus but will also strengthen preparedness for other emerging zoonotic pathogens with pandemic potential, contributing to broader regional and global health security.

STRENGTHS AND LIMITATIONS
A major strength of this study is its integrated national gap analysis approach, which synthesizes both peer-reviewed academic literature and authoritative operational sources to capture scientific evidence alongside real-world preparedness activities. This dual-stream design allowed assessment of laboratory capacity, biosafety systems, and specimen referral networks in a pre-emergence setting where critical preparedness indicators are often documented outside traditional academic publications. The use of PRISMA 2020 guidelines further enhances methodological transparency and reproducibility.
This study also has limitations. First, the analysis relied on publicly available secondary data, and some operational details, such as laboratory tiering, biosafety audit results, and diagnostic turnaround time metrics, were not consistently reported, limiting the granularity of assessment. Second, heterogeneity in study designs and document types precluded quantitative synthesis or formal risk-of-bias scoring. Finally, reliance on grey literature may introduce reporting bias; however, this was mitigated by restricting inclusion to materials from recognized government agencies, health institutions, and established media organizations.
Despite these limitations, the findings provide a solid systems-level assessment of Nipah virus readiness in the Philippines and offer actionable insights to inform national preparedness planning for high-consequence zoonotic diseases.

RECOMMENDATIONS
Based on the identified gaps in laboratory diagnostic capacity, biosafety and biosecurity systems, and specimen referral networks, the following recommendations are proposed to strengthen Nipah virus readiness in the Philippines and enhance preparedness for other high-consequence zoonotic pathogens.
In the short term, priority should be given to strengthening decentralized diagnostic readiness by expanding access to real-time RT-PCR testing at strategically selected subnational laboratories, particularly in high-risk and geographically isolated regions. Clear national guidance on laboratory tiering, referral criteria, and diagnostic escalation pathways for suspected Nipah virus cases should be publicly documented and regularly updated. Standardized protocols for specimen packaging, transport, and cold-chain maintenance should be reinforced, with defined turnaround time targets to minimize delays in confirmation. In parallel, routine biosafety refresher training and simulation exercises for healthcare and laboratory personnel should be institutionalized by maximizing existing free or low-cost biosafety and biosecurity trainings and workshops offered by national and academic institutions (e.g., university-based public health programs and professional partners), with emphasis on infection prevention and control during suspected high-consequence pathogen events.
In the medium term, investments should focus on strengthening biosafety governance and laboratory networking. This includes establishing regular biosafety audits, incident reporting mechanisms, and competency-based certification for personnel handling high-risk specimens. Participation in external quality assurance programs for molecular diagnostics should be expanded and transparently reported. Integration of human, animal, and environmental surveillance data under a functional One Health framework should be enhanced, with formal data-sharing mechanisms between public health, veterinary, and wildlife authorities to support early warning and risk assessment.
In the long term, national preparedness would benefit from sustained investment in resilient laboratory infrastructure, including enhanced BSL-3 capacity where feasible, and contingency planning for surge diagnostic demand during outbreaks. Development of regional reference hubs could reduce reliance on single central facilities and improve equity in access to diagnostics across the archipelago. Continuous evaluation of specimen referral networks using real-time performance indicators, coupled with climate- and disaster-resilient transport planning, would further strengthen response capacity. Finally, routine national readiness assessments for high-consequence pathogens should be institutionalized and made publicly available to support accountability, continuous improvement, and alignment with International Health Regulations and global health security benchmarks.
Implementing these recommendations would advance the Philippines from intermediate to strengthened preparedness for Nipah virus and reinforce national capacity to detect, contain, and respond to emerging zoonotic threats with epidemic and pandemic potential.
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