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ABSTRACT

Viral meningoencephalitis remains a critical global health priority,
representing a significant burden of neurological disease and mortality
worldwide. Characterised by acute inflammation of the meninges and brain
parenchyma, this disease demands rapid diagnostic precision to guide
clinical intervention and effective outbreak response. This review aims to
provide a comprehensive analysis of viral aetiologies, mapping the
circulating spectrum of common pathogens and discussing various advances
in laboratory diagnosis. Analysis shows that common worldwide pathogens
include herpes simplex virus (HSV) and enteroviruses. Nevertheless,
Japanese encephalitis (JE) and Nipah virus remain persistent public health
threats in Asian countries, including Malaysia. Furthermore, this review
compares traditional laboratory methods with molecular diagnostic
approaches to establish diagnostic protocols. While traditional laboratory
methods which include cerebrospinal fluid analysis, viral culture and
serology provide a reliable baseline, they are often hindered by limited
sensitivity. In contrast, advanced platforms such as multiplex PCR and next-
generation sequencing (NGS) offer rapid, high-sensitivity detection of both
known and emerging pathogens. However, the transition to these
technologies is often limited by high costs and technical complexity in low-
resource settings. By synthesising these issues, this review contributes to
scientific knowledge dissemination as well as prioritises evidence-based
literature to ensure that the rapid detection capabilities of genomic
platforms are utilised effectively alongside accessible conventional tools.
Ultimately, this review serves as a guide for clinicians and public health
authorities to enhance the laboratory diagnosis of viral meningoencephalitis
in an evolving infectious landscape.
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INTRODUCTION

Viral meningoencephalitis, a condition characterised by inflammation of both the meninges and brain
parenchyma, remains a major neurological emergency with potentially devastating consequences (1).
Meningitis is a medical condition characterised by inflammation of the meninges, which are the
protective membranes that surround the brain and spinal cord (2). This specific definition of meningitis is
crucial, as it distinguishes this condition from other neurological diseases (3). Importantly, meningitis
does not involve the brain parenchyma itself, which is the functional tissue of the brain consisting of
neurons and glial cells (4). Furthermore, the definition overtly excludes various types of inflammation
affecting the spinal cord (myelitis) (2). These distinctions are crucial for accurate diagnosis and
appropriate medical treatment, as different conditions require different approaches.

Encephalitis refers to an inflammatory disorder affecting the brain parenchyma, accompanied by clinical
signs of brain dysfunction (5). The causes can be either non-infective, such as acute disseminated
encephalomyelitis (ADEM), or infective, most commonly resulting from a diffuse viral cause (6). Viral
encephalitis affects 3.5 to 7.5 per 100,000 individuals, with higher rates observed in younger and older
populations (7, 8). The prevalence of specific viral causes of encephalitis has evolved over time. For
instance, immunisations show reduced in the incidence of encephalitis caused by mumps and measles (9).
Conversely, Epstein-Barr virus (EBV) and cytomegalovirus (CMV) encephalitis are now more commonly
reported, particularly in immunocompromised patients, including those with acquired immunodeficiency
syndrome (AIDS), organ transplant recipients and individuals undergoing chemotherapy (9).

Viral meningitis which refers to inflammation of meninges following viral infections has contributed to
25,000 to 50,000 hospitalisations in the United States annually (10). In temperate regions, viral meningitis
is observed monthly, with a peak incidence of 1 per 100,000 persons (11). However, many viral meningitis
cases go undiagnosed as it is a self-limiting condition that often resolves without symptoms (12).
Particularly, reported viral meningitis cases are highest during summer and early fall (11). Malaysia,
being located in the equatorial region with high biodiversity and close human-animal interactions, has
reported several viral encephalitis outbreaks in early years which involve Japanese encephalitis (JE) and
Nipah virus outbreak around 1998-1999 that caused morbidity and mortality burdens to the country
with up to 40% fatality reported (13,14,15).

Viral meningoencephalitis is a significant cause of central nervous system (CNS) infections, leading to
substantial morbidity and mortality worldwide (11,12). The disease can be caused by a wide range of
neurotropic viruses, including enteroviruses, herpesviruses, and arboviruses (1,4,7,9,10). However, the
etiological agents often remain unidentified in many clinical cases due to limitations in traditional
diagnostic methods, resulting in delayed diagnosis and inappropriate clinical management.

Early and accurate identification of the causative viral pathogen is essential for timely patient
management, appropriate antiviral therapy and improved clinical outcomes (4). Traditional laboratory
diagnostic approaches, such as viral culture and serological assays, are often time-consuming and may
have limited sensitivity, particularly during the early stage of infection (16). Advances in molecular
diagnostic techniques, including polymerase chain reaction (PCR) and multiplex molecular assays, have
significantly improved the ability to detect viral pathogens rapidly and with higher sensitivity and specificity
(17).
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Despite these technological advances, there is still limited local data on the spectrum of viral pathogens
responsible for meningoencephalitis, particularly in many developing regions. Understanding the
circulating viral aetiologies is important for improving diagnostic strategies, guiding clinical management
and strengthening public health surveillance. Therefore, this review aims to explore the etiological
spectrum of viral meningoencephalitis and evaluate advanced laboratory diagnostic methods that ensure
rapid pathogen detection, ultimately facilitating effective patient management.

MATERIALS AND METHODS

We searched PUBMED, MEDLINE (National Library of Medicine) and Google Scholar for relevant literature
from 1999 to September 2025. The search terms selected were as follows: ‘viral meningoencephalitis’,
‘herpes simplex virus (HSV)’, ‘enterovirus’, ‘viral PCR’, ‘next-generation sequencing (NGS)’. The articles
studied are currently published and the criteria included in this paper are: 1) the disease studied is viral
meningoencephalitis; 2) the subjects are human; 3) diagnostic techniques of etiological agents; and 4)
English writing papers. Meanwhile, exclusion criteria were: 1) non-human studies; 2) non-English articles;
3) treatment of viral meningoencephalitis; 4) animal studies; and 5) no diagnostic evaluation. Review
articles and book chapters were also included if considered to provide comprehensive reviews of the
topic. The included 72 articles were perused and summarized, and the retrieved content was used for
descriptive analysis. A narrative presentation followed the compilation of these data. Ethical approval
was not sought as only published data were used for this review.

RESULTS AND DISCUSSION

ETIOLOGICAL SPECTRUM OF VIRAL MENINGOENCEPHALITIS

Worldwide, viruses signify the most common infectious cause of encephalitis, with herpes simplex virus
(HSV) and enteroviruses consistently among the leading culprits (18). While the etiological spectrum of
viral meningoencephalitis contrasts geographically, for example Southeast Asia, tropical and subtropical
regions, the burden of disease is significantly predisposed by seasonal viruses like JE, enteroviruses,
dengue virus and emerging zoonotic viruses such as Nipah virus (13,14,19,20).

Under the Herpesviridae family, The HSV, particularly HSV-1, is the most common cause of sporadic fatal
viral encephalitis in adults in developed countries (21). HSV-1 encephalitis classically affects the temporal
lobes, presenting with altered mental status, seizures and focal neurological deficits (22). HSV-2 on the
other hand is more commonly affecting neonates and immunocompromised individuals especially related
to meningitis (23). CMV causes meningoencephalitis primarily in immunocompromised hosts, such as
transplant recipients or individuals with advanced HIV infection, in which symptoms are often non-specific
and may include encephalopathy, cranial nerve palsies and ventriculitis (21).

Under the Flaviviridae family, JE is a major cause of viral encephalitis in Asia, including Malaysia (24). It is
transmitted by Culex mosquitoes and preserved in a zoonotic cycle concerning pigs and waterbirds (24).
Mortality rates can be as high as 30%, and 30-50% of survivors have long-term neurological sequelae (20).
Dengue encephalitis, resulting from the direct invasion of the CNS, has also emerged as a critical
neurological complication in hyperendemic regions (25). It is increasingly recognised as a primary
contributor to the morbidity associated with severe dengue (25). On the other hand, Zika virus (ZIKV) has
been identified as an important cause of congenital viral encephalitis (26). Following its
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widespread emergence in South America, ZIKV became globally recognised for its ability to cross the
placental barrier and directly infect foetal neural progenitor cells (26).

Meanwhile, enterovirus A71 (EV-A71) and several other non-polio enteroviruses from the Picornaviridae
family are significant causes of aseptic meningitis and brainstem encephalitis, especially in young children
(27). In Malaysia, EV-A71 outbreaks have been associated to severe neurological complications, including
cardiopulmonary collapse and death (21). Echoviruses especially echovirus 11, are notably associated with
neonatal outbreaks characterised by meningoencephalitis, and often complicated by multi-organ failure
and high mortality (28).

A formidable member of the Paramyxoviridae family, Nipah virus causes a devastating form of acute
febrile encephalitis (29). Its clinical progression is notoriously aggressive, marked by a rapid loss of
consciousness, severe brainstem dysfunction and high mortality (30). Imaging and autopsy studies
frequently expose multiple microinfarcts and necrotising vasculitis in the brain (31). Measles virus,
another paramyxovirus, may cause acute encephalitis, post-infectious encephalomyelitis or subacute
sclerosing panencephalitis (SSPE). Although the incidence is rare now due to vaccination, measles-
associated encephalitis still arises in areas with low immunisation coverage (32).

This review focuses on summarising these pathogens alongside their diagnostic strategies. As shown in
Table 1, this includes primary and alternative diagnostic methods, comprising both traditional and
advanced approaches.

Table 1. Overview of Diagnostic Strategies for Viral Meningoencephalitis.

Pathogen Clinical Significance Primary Diagnostic Alternative / Reference
Secondary
Method
Herpes Simplex = Mostcommon causeof  Cerebrospinal fluid Magnetic 7,23,54,55
Virus (HSV-1 &  sporadic fatal viral (CSF) PCR. Resonance
2) encephalitis in adults. Imaging (MRI)

(temporal lobe
involvement)

or Brain
Biopsy.
Enteroviruses Significant causes of CSF PCR. Faeces and 1,2,27,55
(EV-A71, aseptic meningitis and throat swab
Echoviruses) brainstem encephalitis PCR/ serology
in children.
Varicella-Zoster Causes encephalitisor ~ CSF PCR. Skin vesicle 8,10,21,38
Virus (VZV) meningitis, especially in PCR or Clotted
elderly or blood (IgM).
immunocompromised
populations.
cmv Primarily affecting in CSF PCR. Blood PCR/ 4,6,9,37
immunocompromised serology
hosts
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JE Virus Major cause of viral CSF/Serum IgM Multiplex PCR 13,19,20,
encephalitisin Asiaand  (Serology). or RT-PCR. 2435
Malaysia; high
mortality and long-
term sequelae.

Dengue Virus Endemic in Malaysia; RT-PCR Serology (NS1-  2,17,20,25,
increasingly linked with  (Serum/Plasma) ag/1gM/IgG). 33
neurological
manifestations like
ADEM.

Nipah Virus Emerging RT-PCR MRI 14,15,29,30
paramyxovirus causing (CSF/Tissue/Serum/ (hyperintense ,31
acute febrile Plasma). lesions in white
encephalitis with high matter/brainst
mortality (~40%). em).

Human Rarely causes HIV- Serum PCR CSF HIV Viral 5,12,16

Immunodeficien  related Load, Serology

cy Virus (HIV) meningoencephalitis,

HIV-associated
neurocognitive
disorders (HAND), and
HIV encephalitis

Influenza Causes rare but serious  Respiratory PCR Serology 3,11,18,38

viruses CNS complications (Nasopharyngeal
involving encephalitis (NP) Swab/Aspirate)
and encephalopathy

Measles Virus Causes acute Serum and CSF RT-PCR (NP 12,18,32,47
encephalitis, post- Serology (IgM/1gG) swabs or
infectious aspirates/
encephalomyelitis or Urine)
subacute sclerosing
panencephalitis (SSPE).

Novel/Rare Pathogens notcovered  Metagenomic NGS Targeted 61,62,63,64

Pathogens in standard panels or (mNGS). Sequencing ,65,66
emerging in specific (tNGS).

populations.

TRADITIONAL LABORATORY DIAGNOSIS

One of the most essential diagnostic tools in this process is CSF analysis, which aids in distinguishing viral
from bacterial causes and guides clinical management (33). However, lumbar puncture which is the
primary method of obtaining CSF, is commonly delayed due to the safety use of neuroimaging to rule out
raised intracranial pressure (34). In clinical practice, differentiating viral meningoencephalitis from other
causes of acute encephalopathy, such as bacterial meningitis, autoimmune encephalitis or metabolic
encephalopathies, can be challenging, predominantly in settings with limited access to neuroimaging and
laboratory diagnostics (35). Viral culture has traditionally been considered a gold standard for diagnosing
viral meningoencephalitis, as it permits for the direct isolation of the causative virus from clinical
specimens (36). However, its use has reduced due to the time-consuming nature and lower sensitivity in
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contrast to molecular methods (37). Furthermore, CSF viral culture has low sensitivity, hence not
commonly accomplished in routine clinical practice, in contrast to bacterial cause of infection (38).

Serological testing remains an important diagnostic tool in the identification of viral meningoencephalitis,
predominantly when viral nucleic acids are undetectable by PCR (39). However, preliminary antiviral
therapy can overturn the antibody response, possibly leading to false negatives (40). Serologic assays
are predominantly important in diagnosing infections caused by arboviruses such as JE virus or the West
Nile virus (WNV), where PCR frequently lacks sensitivity due to low viral load in CSF (41). In these cases,
diagnosis relies on measuring virus-specific IgM in the CSF and serum, by which detecting IgM in the CSF
supports a neuroinvasive process, while comparing paired serum samples confirms that the infection is
recent (42).

Despite its value, serological testing is limited by delayed antibody production, cross-reactivity and
variable specificity in early stages of illness. As a result, most guidelines recommend early PCR testing;
however, if these preliminary results are inconclusive, serological testing is recommended 10 to 14 days
after symptoms begin (43). Furthermore, Schibler et al. (2019) highlight the use of paired serum and CSF
samples to confirm intrathecal antibody synthesis, refining specificity and reducing false positives due to
passive transfer of antibodies from blood (44). Recent European studies accentuate the importance of
incorporating serological tests with neuroimaging and molecular techniques to improve the diagnostic
precision for viral meningoencephalitis (45).

This approach is particularly valuable in immunocompetent adults, where delayed or partial immune
responses can affect diagnostic windows. Neuroimaging, mainly CT and MRI, are significant tools for
identifying brain anomalies in patients with viral meningoencephalitis (46). CT scans are beneficial by
showing signs of infection such as calcifications or oedematous brain parenchyma, also for ruling out
other emergencies like brain bleeding or tumours, however may miss indirect or early signs of
encephalitis because it has lower sensitivity compared to MRI, although are usually attained first because
they are fast and broadly available (45,46).

ADVANCES IN LABORATORY DIAGNOSIS
Nucleic acid amplification test (NAAT)

The diagnosis of viral meningoencephalitis has progressed significantly with the initiation of advanced
molecular methods, which have addressed many restrictions of traditional culture and serological
approaches (47). Over the past few decades, nucleic acid amplification test (NAAT), with PCR at the
forefront, has fundamentally converted the diagnostic landscape of CNS infections, mostly those of viral
origin (48). Molecular diagnostics proposed rapidity, increased sensitivity and the capability to detect
viruses directly from CSF or brain tissue, critical for timely therapeutic involvement in this potentially
lethal condition (49). PCR can be applied to diagnose any condition where nucleic acids, such as DNA and
RNA, or their expression as mRNA, are involved (47, 49,50). PCR is broadly employed to detect both DNA
and RNA viruses in CSF (48). NAAT incorporate various techniques, including quantitative PCR and reverse
transcription PCR (RT-PCR), have seen increasing application in the analysis of clinical samples, offering
both sensitivity and specificity in the recognition of viral nucleic acids (49). Emerging evidence from
several studies suggests that the quantification of viral load such as CMV and EBV, expressed as nucleic
acid copy number, may assist as a valuable biomarker for evaluating disease severity or predicting clinical
outcomes, predominantly among immunocompromised people (47,48,49).
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Although traditional PCR can be adapted for quantitative analysis such as by running concurrent standard
curves, real-time quantitative PCR (qPCR) has largely replaced it in clinical diagnostics due to its superior
accuracy and efficiency in measuring viral load (50). These techniques use reagents capable of
constructing fluorescence during the amplification process, allowing real-time monitoring of product
accumulation (46).

The intensity of the fluorescent signal, which associates with the initial quantity of target nucleic acid, is
measured at each cycle, thus allowing for precise quantification (51). In probe-based qPCR assays,
fluorescent reporter molecules are designed to rise in signal proportionally with the amplification of the
target sequence, providing both specificity and dynamic quantification throughout the reaction (49). A
substitute to probe-based methodologies in quantitative PCR is the use of SYBR Green, a highly
sensitive, double-stranded DNA-binding dye (52). This approach depends on the dye’s capacity to
intercalate with any double-stranded DNA generated during amplification, thereby permitting real-time
detection of the PCR product (51).

One of the important advantages of SYBR Green-based assays is their flexibility; the same dye and master
mix can be useful across a range of targets, eliminating the need for synthesising pathogen-specific
probes, as required in probe-based systems (51). Although intercalating dyes such as SYBR Green may
bind to nonspecific amplification products, the application of hot-start PCR protocols suggestively
enhances assay specificity (52). This mechanism suppresses non-specific primer binding and extension
during the initial stages of the reaction, thereby restraining mispriming events and ensuring that
fluorescence signals reflect only the amplification of the proposed target sequence (51,52).

Among the traditional laboratory diagnostic methods of several laboratory methods, namely PCR,
serology, and culture, each varies significantly depending on the viral pathogen and the specimen type
(52). PCR remains the foundation for the rapid and specific detection of viral nucleic acids in CNS
infections, with CSF being the most enlightening sample across a broad spectrum of neurotropic viruses
(53). For instance, in the detection of herpesviruses, particularly HSV-1, HSV-2 and VZV, PCR applied to
CSF yields high sensitivity, making it the diagnostic method of choice as shown in table 1. Skin vesicles or
brain tissue may be used as substitute specimens in VZV and HSV infections, but CSF PCR remains most
applied in clinical settings (55). For viruses such as HSV types 1 and 2 (HSV-1 & HSV-2), VZV and HHV-6,
CSF remains the specimen of choice, particularly in cases presenting with encephalitis or meningitis, with
few other viruses with the CNS symptoms and other useful specimens to take if CSF is not available
(53,54,55).

Steiner et al. (2010) highlight the clinical utility of CSF PCR as a primary diagnostic tool, noting that its
superior sensitivity and specificity provide an unparalleled diagnostic yield compared to alternative
protocols during the early stages of viral infection (6). The incorporation of CSF PCR testing with imaging
and serology provides a robust diagnostic framework, while other modalities such as
electroencephalogram (EEG), viral culture, and biopsy are applied selectively based on clinical situation
and disease progression (40,42,45,48).
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Multiplex PCR

The early and precise diagnosis of viral meningoencephalitis is critical for patient management and
prognosis, predominantly due to the widespread range of potential viral etiologies (56). Multiplex PCR has
emerged as a powerful diagnostic tool for the rapid and simultaneous detection of multiple viral
pathogens in a single reaction from CSF, refining diagnostic yield significantly and reducing both time and
cost compared to singleplex traditional PCR methods (53,55,57). Liesman et al. (2018) assessed a
commercial multiplex molecular panel and found it to be exceedingly effective in diagnosing common
pathogens involved in infectious meningitis and encephalitis, such as HSV-1, HSV-2, VZV and
enteroviruses, as well as it could effectively detect CMV and EBV, which are particularly relevant in
immunocompromised populations (58). The panel established a fast turnaround time and good
sensitivity, giving clinicians a timely tool for diagnosis (58).

Similarly, Shi et al. (2016) developed a novel multiplex PCR Mag-Array system that effectively detected 13
different viruses commonly related with meningoencephalitis, demonstrating high sensitivity and
specificity as for example, ranging from 98.78% to 100% for HSV-1 and HSV-2, providing a promising stage
for clinical laboratories targeting for comprehensive viral screening in neurological infections (59).
Furthermore, the clinical efficacy of multiplex PCR is reinforced by its high diagnostic accuracy in
immunocompromised patients, where extensive pathogen coverage is crucial (59).

In recent years, digital PCR (dPCR) has emerged as a transformative molecular platform for the diagnosis
of infectious diseases, offering noteworthy clinical advantages over standard quantitative PCR (60). By
enabling highly accurate, absolute quantification of pathogenic nucleic acids without the need for
standard calibration curves, dPCR may streamline the diagnostic process (60). Furthermore, it enhanced
sensitivity and high tolerance to the inhibitory substances often found in complex clinical samples make
it a robust tool for facilitating rapid and reliable clinical decisions (60).

Next-generation sequencing (NGS) technology

Despite its advantages, multiplex PCR does present certain drawbacks. False negatives may happen,
mainly during the early stages of infection when viral loads are low (6). Moreover, the limited panel of
viruses targeted by commercial kits can be a disadvantage when dealing with rare or emerging pathogens
(58). In such scenarios, next-generation sequencing (NGS) technologies can supplement PCR-based
approaches (61). For instance, Guan et al. (2016) applied NGS to detect viral genomes in CSF from patients
with meningoencephalitis and identified pathogens that were not covered in standard PCR panels (62).
Although NGS offers comprehensive pathogen detection, it remains constrained by significant expenses
and extended turnaround times (TAT) (63).

Metagenomic next-generation sequencing (MNGS) has emerged as a transformative diagnostic tool for
infectious diseases like viral meningoencephalitis, demonstrating significantly higher sensitivity in
identifying causative pathogens compared to routine microbiological assessments, as evidenced by a 213-
patient study by Xing et al. (64). Supporting these findings, additional research has similarly established
the superior diagnostic yield of mNGS compared to standard PCR and culture-based techniques (62, 63).
Unlike targeted PCR methods that necessitate prior expectations about potential pathogens, mNGS allows
for unbiased detection of an extensive array of pathogens, including novel or unexpected viruses, directly
from clinical specimens such as CSF (62, 63). This broad-spectrum aptitude is particularly critical in
immunocompromised patients or those with atypical clinical presentations, where diagnostic uncertainty
is high (63-65). Yao et al. (2025) also highlighted its effectiveness in detecting EBV CNS infections, where
conventional assays frequently produce false negatives due to low viral loads or mutations in primer
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regions (66). Moreover, the ability of mNGS to detect co-infections or rare pathogens further
strengthens its diagnostic role in complex neurological presentations (66,67). Apart from providing
these enhanced diagnostic capabilities, Nguyen et al. (2020) emphasised the clinical utility of mNGS
within under-resourced environments where traditional testing methods are frequently nonexistent or
impractical (65).

Although mNGS delivers an unbiased diagnostic paradigm, its adoption within routine clinical workflows
remains constrained not only by the previously noted financial and extended turnaround time (TAT)
limitations, but additionally by the critical requirement for advanced bioinformatic interpretation
expertise (64,65). The interpretation of sequencing data remains challenging due to the potential
background contamination and the difficulties in distinguishing between active infection and incidental
findings (62). On the other hand, targeted next-generation sequencing (tNGS) involves selective
sequencing of specific genomic regions using methods such as PCR amplification or probe hybridisation,
which allows for high sensitivity in pathogen detection while minimising sequencing costs by focusing
only on the relevant microbial nucleic acids (68). For example, probe-based hybridisation strategies have
established successful detection of herpesviruses (HSV-1, HSV-2), CMV, all serotypes of human
enteroviruses, and multiple flaviviruses, including WNV and Dengue viruses (43,54,59). One benefit of
tNGS is its ability to simultaneously recognise resistance genes during pathogen detection, thereby
enhancing its clinical effectiveness (68).

Because of the inherent challenges of mNGS, particularly the risk of low pathogen loads and its reliance
on comprehensive reference databases, mNGS frequently require confirmation via targeted approaches
like PCR or tNGS (61,67). Consequently, current literature strongly advocates for a multimodal diagnostic
strategy. As Xu et al. (2023) emphasise, integrating serological testing with molecular methods (PCR and
NGS) maximises diagnostic accuracy and pathogen identification (40). This combinatorial approach
ensures a definitive diagnosis even in the most complex or high-risk clinical scenarios (69). Figure 1
illustrates a comprehensive diagnostic algorithm from the clinical assessment combining multiple testing
modalities for the evaluation of viral meningoencephalitis.
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Visual Diagnostic Workflow for Viral Meningoencephalitis
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Figure 1. This is the visual diagnostic workflow for viral meningoencephalitis.

Beyond individual clinical diagnosis, NGS particularly whole-genome and mNGS also plays a pivotal role
in epidemiological surveillance and outbreak management for viral meningoencephalitis. NGS allows
simultaneous detection and characterisation of virtually any pathogen, including novel, rare, or
unexpectedly mutated viruses that conventional, targeted molecular tests might miss (70). During an
outbreak management, analysis of the high-resolution genomic data and correlating them with
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epidemiological data enables the precise tracking of transmission networks, identification of infection
sources and the real-time monitoring of viral evolution across diverse geographical regions (71,72). In
summary, the high-resolution data provided by NGS transforms the public health response from reactive
to proactive, ensuring that viral meningoencephalitis outbreaks are not only identified with precision but
are also contained through swift, evidence-based interventions.

CONCLUSION

Viral meningoencephalitis remains the main neurological emergency worldwide, related with high
morbidity, mortality and long-term complications. The condition, defined by inflammation of both the
meninges and brain parenchyma, is caused by an extensive spectrum of viruses with epidemiological
outlines predisposed by geography, host immunity and environmental factors. In Malaysia, outbreaks of
JE, Nipah virus, and EV-A71 highlight the substantial public health and socioeconomic impact of emerging
and re-emerging pathogens. As diagnostic technology advances, the incorporation of traditional
methods, serological, molecular and genomic platforms will enhance our capacity for accurate pathogen
identification, improve patient outcomes and strengthen surveillance systems. The future of viral
meningoencephalitis management lies not only in rectifying diagnostic accuracy but also in building
regional and global networks for data sharing, outbreak response and continuous research. Collaborative
efforts between clinicians, laboratorians, epidemiologists and policymakers are essential to guarantee that
lessons from past outbreaks translate into sturdier preparedness for impending threats.

In conclusion, viral meningoencephalitis demonstrates the enduring challenges of infectious diseases at
the interface of neurology, microbiology, and public health. Continued investment in advanced diagnostic
tools, vaccination programs, vector control approaches and international collaboration is critical. With
the emergence of high-throughput technologies such as NGS, the landscape of diagnosis and management
is being redesigned, offering confidence for more detailed, timely and effective interventions. Ultimately,
strengthening both laboratory capacity and public health infrastructure will be pivotal in reducing the
burden of viral meningoencephalitis and safeguarding neurological health globally.
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