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Purpose of review

Infectious encephalitis (IE) is a serious neurological condition that poses a major global health threat. This
review summarizes emerging pathogens, particularly arboviruses, updated diagnostic strategies, and
evolving treatment approaches, emphasizing ongoing gaps in diagnosis and management.

Recent findings

Established arboviruses such as West Nile virus, Japanese encephalitis virus, Powassan virus, and Eastern
Equine virus have regained attention due to their geographic expansion and the appearance of distinct
genotypes. In parallel, increasing reports of encephalitis by newly emerging pathogens such as Oropouche
virus and scrub typhus speak to the evolving nature of the epidemiology of IE. Advances in diagnostics,
including multiplex PCR and metagenomic next-generation sequencing, have enhanced the breadth and
accuracy of pathogen identification. As treatment options remain scarce, the role of immunomodulatory
agents and novel antiviral molecules in the management of IE is actively being investigated.

Summary

The emergence of novel and reemerging pathogens highlights the need for rapid, accurate diagnostics.
Advanced molecular techniques and the identification of novel therapeutic targets have the potential to
change the landscape of IE. However, strengthening surveillance and vaccination strategies, along with
ongoing efforts in vaccine development, remain crucial for optimizing patient outcomes, increasing public
health preparedness, and mitigating future outbreaks.
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INTRODUCTION
Infectious encephalitis (IE) is a complex and poten-
tially fatal condition characterized by inflammation
of the brain parenchyma [1]. It can be caused by a
wide range of etiologies, including viral, bacterial,
fungal, or parasitic pathogens [1]. The incidence of
IE, approximated to be between 1.4 and 13.8 cases
per 100 000 people annually, is expected to increase
due to several ecological factors, including climate
change, urbanization, deforestation, and increased
human–animal interactions promoting zoonotic
spillovers and outbreaks in nonendemic regions
[2&&]. Despite advances in categorization and diag-
nosis, a high proportion of cases presumed to be of
infectious cause are still classified as idiopathic [3,4&].
In this review, we will summarize emerging patho-
genic threats, with a particular focus on arboviruses
as the most rapidly evolving contributors to IE epi-
demiology, while highlighting recent advances in
diagnostics and delineating persistent gaps in the
identification and management of the disease.

UPDATE ON EPIDEMIOLOGY

Arboviruses

Viruses are the leading cause of IE. Of these, arthro-
pod-borne viruses (arboviruses) are themost common
cause of epidemicoutbreaks,withneuroinvasive cases
demonstratingmortality rates ranging fromunder 1%
to 30%, depending on the causative virus [5,6]. Arbo-
viruses are RNAviruses primarily transmitted through
mosquitoes, ticks, andbitingmidges,with rare casesof
transmission throughmucocutaneousor transplacen-
tal routes, or via organ transplantation [7&&]. Their
spread has accelerated due to genetic divergence
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climate change, globalization, and deforestation,
which have expanded vector habitats, increased
breeding sites, and promoted human exposure as
summarized in Table 1[8&].

West Nile virus

West Nile virus (WNV), first identified in Uganda in
1983 has become a major global public health con-
cern due to its remarkable ecological adaptability and
efficient transmission cycles [9,10&&,11]. As a result,
WNV remains endemic in North America, causing
approximately 1300 neuroinvasive cases and 130
deaths annually, while also expanding across
Europe, with recent detection in Germany and as
far north as the Netherlands [9,12,13&]. This wide
geographic range may be partially attributable to its
diverse genetic makeup, with at least nine distinct
lineages, although lineages 1 (L1) and 2 (L2) are most
clinically relevant. L1, which originated from Africa,
is responsible for major outbreaks across Europe, the
Middle East, and the United States since 1999,

whereas L2, introduced to Hungary in 2004, now
predominates in Central and Southern Europe,
accounting for roughly 82% of cases, with sub-line-
age 2b particularly dominant in Italy, Romania, and
Russia [14]. Historically, L1 and L2 were distin-
guished by a glycosylation motif in the envelope
protein of L1, which was proposed to enhance viral
replication and neuroinvasiveness [15]. Interest-
ingly, this motif has been recently detected in certain
L2 strains, which may help explain its geographic
expansion and increased pathogenicity [16].

Japanese encephalitis virus

Historically prevalent in East Asia, Japanese ence-
phalitis virus (JEV) has expanded across tropical
and temperate regions, including Southeast Asia,
with repeated large outbreaks in India since the
1970s, resulting in over 50 000 cases annually
and a case fatality rate of up to 30% [17&&]. The
transmission dynamics and public health conse-
quences of JEV are substantially influenced by its
five distinct genotypes. Moreover, recent shifts in
genotype prevalence have influenced regional epi-
demiology, with JEV1 surpassing JEV3 as the
major genotype in much of Asia. Likewise, JEV4
and JEV5, previously limited to the Indonesia-
Malaysia region, have led to outbreaks in Australia
and South Korea, respectively [18,19&]. JEV5 is espe-
cially unique, as it has been associated with early
viremia and central nervous system (CNS) infec-
tion, and its envelope protein exhibits marked dif-
ferences in amino acid sequence compared with
other genotypes, limiting antibody cross-neutrali-
zation and attenuating the vaccine response in
murine models [20&].

Eastern equine encephalitis virus

Eastern equine encephalitis virus (EEEV) is a rare but
highly lethal arbovirus causing severe human disease
[21,22]. North American EEEV is the most pathogenic
arbovirus in the United States, with nearly all reported
human infections between 2005 and 2024 presenting
as neuroinvasive disease [21,22]. Notably, significant
increases inboth incidence andgeographic spreadwere
observed in2019andagain in2024acrossmultipleU.S.
states, despite limited evidence of any major genetic
shift, altered virulence, or changes in avian host factors
to explain these surges [21]. EEEV pathogenesis is
driven in part by efficient heparan sulfate binding
and interferon antagonism, enabling systemic viremia
andCNS invasion that result in severe neuroinflamma-
tion and neuronal cell death [21,22]. Although human
infections are sporadic, EEEV carries a case-fatality rate
of approximately 30–70%, and survivors frequently

KEY POINTS

� Definition and scope: Infectious encephalitis (IE) is the
acute inflammation of the brain parenchyma caused by
a broad spectrum of viral, bacterial, and parasitic
pathogens, and remains a major contributor to global
morbidity and mortality.

� Pathogens: Novel and reemerging pathogens continue
to broaden the etiologic landscape of infectious
encephalitis. Arboviruses, in particular, are expanding
geographically and evolving novel genotypes with
mutations that may enhance immune evasion and
transmission.

� Diagnostic approaches: Advancements in diagnostic
modalities using multiplex molecular platforms and
point-of-care immobilized-antibody flavivirus assays
have enabled rapid, precise, and accurate pathogen
detection, while metagenomic next-generation
sequencing is transforming the field by allowing the
detection of rare or novel agents.

� Therapeutic approaches: Supportive management is
essential for life-threatening complications of IE, given
the scarcity of treatment options and the limited role of
immunotherapy; however, promising therapeutic targets
are under active investigation.

� Prevention approaches: As the epidemiological
landscape of IE evolves, vaccine development and
arbovirus surveillance guidance will continue to play
major roles in the management of infectious encephalitis
to prevent future outbreaks and to reduce its global
burden.
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experience long-term neurological sequelae, including
paralysis and cognitive impairment [21,22].

Oropouche virus

Since its isolation in Trinidad in 1955 and the Brazil-
ian Amazon during the 1960s, Oropouche virus
(OROV) has spread across South America, with over
10 000 reported cases in 2024 [23&&]. Recently, the
newly reported North Brazilian strain AM0088 has
displayed greater virulence, faster replication, and
reduced susceptibility topreexistingneutralizinganti-
bodies compared to the prototype BeAn19991 strain,
contributing to its increased spread [24&]. Animal
studies have enhanced our understanding of OROV
neurotropismbydemonstratinghow the virus utilizes
host cell surface receptors LRP1 and the GTPase
Rab27a to mediate viral entry and release, in addition
to modulating cytokines and exploiting proviral
microRNAs to evade the immune system [23&&].More-
over, evidence from recent perinatal studies in Brazil
and Cuba suggests that OROV can invade the fetal
CNS, resulting in microcephaly, ventriculomegaly,
and neuronal damage. The virus's rapid spread and
suspectedmaternal–fetal transmission emphasize the
urgent need to develop effective diagnostic, preven-
tive, and therapeutic strategies [25–27&].

Powassan virus

Powassan virus (POWV), first identified in 1959, has
shown a marked increase in cases since 2016 [7&&].
Uniquely among tick-borne viruses, POWV can be
transmitted within just 15 min of tick attachment
[28]. It comprises two closely related but serologically
indistinguishable lineages, lineage I (POWV) and
lineage II (Deer Tick Virus, DTV), isolated in 1958
and 1995, respectively, that share over 84% nucleo-
tide and 94% amino acid sequence identity [29&].
However, these two lineages appear to employ dis-
tinct mechanisms of neuroinvasion and affect differ-
ent regions of the CNS. DTV directly invades the
olfactory bulb and shows a strong affinity for the
hippocampus and neocortex. In contrast, POWV
preferentially infects cells of the lower brainstem,
cerebellum, and spinal cord [29&]. Nevertheless, both
lineages elicit a strong neuroinflammatory response
by increasing expression of injurious cytokines and
chemokines, which may contribute to the long-term
cognitive and physical dysfunction experienced by
up to 50% of survivors [29&].

Other viruses

Additional mosquito-borne flaviviruses have recently
gainedattentionasnotable causesof encephalitis [30].

The Usutu virus (USUV), a member of the JEV sero-
complex,was first isolated in 1959 in SouthAfrica and
has since become enzootic in Central and Western
Europe, circulating alongside WNV in Culex pipiens
mosquitoes and avian reservoirs [30]. Since then,
scientists have identified eight lineages, three African
and five European [31&&]. While Europe 2 remains
dominant in Central and Eastern Europe, Africa 3
has been reported in the Netherlands and the United
Kingdom [30]. Other notable neuroinvasive flavivi-
ruses include Rocio and the Murray Valley virus,
which have been isolated in the elderly and immu-
nocompromised hosts [32].

Bacteria

Scrub typhus
Scrub typhus, caused by the bacterium Orientia tsutsu-
gamushi, was originally recognized in the Tsutsuga-
mushi Triangle, an 8 million square meter region
encompassing parts of Russia, Asia, and Australia,
but has subsequently spread to Africa, theMiddle East,
and South America [33&]. It is transmitted by larval
trombiculidmites such as Leptotrombidiumdeliense that
consume lymph and tissue fluids, injecting the organ-
ism into the host and creating a characteristic eschar
[34&]. Once inside the body, it selectively targets endo-
thelial cells and tissue macrophages, inducing a vigo-
rous innate immune response characterized by the
release of cytokines and activation of CD4+ and
CD8+ T-cells, which initiates vascular insult and sys-
temic inflammation [34&]. Although multiple geno-
types exist, including Karp, Gilliam, Kato, and
TA763, the Karp strain has been most commonly
associated with neurological disease [26&,34&,35].
Despite its response to doxycycline, scrub typhus con-
tinues to contribute to an estimated 1 million cases
annuallyanda20%mortality rate,which is expected to
increase given the emergence of drug-resistant isolates
and dual-genotype infections that further complicate
diagnosis and treatment [36,37].

UPDATES IN DIAGNOSIS
The diagnostic evaluation of suspected IE follows a
stepwise approach, beginningwith clinical assessment
for altered mental status, fever, seizures, and focal
neurological deficits, followed by brainMRI. Although
characteristic MRI findings are not always present,
preferential regional involvement such as the temporal
and limbic lobes in HSV-1, mesial temporal lobes in
HHV-6, and the brainstem in enteroviral encephalitis
can support diagnosis [38]. Arboviral encephalitides,
including WNV, JEV, EEEV, and TBEV, typically dem-
onstrate T2/FLAIR hyperintensities in the deep gray
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nuclei, thalami, brainstem, and cerebellum, while
POWVencephalitismay showcerebellar-predominant
lesions [39]. Lumbar puncture remains central to eval-
uation, with CSF analysis, targeted molecular testing,
and systemic laboratory studies aiding identification
of the causative pathogen and alternative infectious
sources.

Laboratory and molecular diagnostics

The diagnosis of IE has progressed well beyond con-
ventional CSF culture, singleplex PCR, and patho-
gen-specific immunoassays, which provide limited
information and are often associated with delays in
results [40&]. For example, serological methods,
including IgM and IgG ELISAs, which are the main-
stay of arboviral testing since the virus is typically no
longer detectable in the blood or CSF by the time of
neurologic presentation, are limited by delayed anti-
body responses and extensive cross-reactivity among
related flaviviruses [41&&]. This can make differentia-
tion between acute infection, remote infection, or
vaccine-induced response challenging, particularly
in regions where multiple flaviviruses co-circulate
[41&&]. To address these limitations, emerging tools,
including point-of-care Loop-mediated isothermal
amplification (LAMP) assays and immobilized-anti-
body flavivirus assays, have demonstrated higher
sensitivity and specificity over conventional meth-
ods [42&,43&&]. LAMP rapidly amplifies pathogen
DNA or RNA using loop-structured primers, while
immobilized-antibody assays detect viral antigens or
patient antibodies on fixed surfaces, enabling differ-
entiation among related flaviviruses despite ongoing
cross-reactivity limitations [41&&,44,45].

In contrast to singleplex PCR, multiplex PCR
panels such as the FDA-approved FilmArray Menin-
gitis/Encephalitis (FA-ME) Panel have gained popu-
larity by enabling rapid detection of multiple
pathogens, often in a cost-effective manner. More-
over, such approaches can contribute to shorter hos-
pital stays and improved antimicrobial stewardship
in broad populations, including immunocompro-
mised patients and those with low or normal CSF
cell counts [46,47]. However, results should be inter-
preted with caution due to the potential for false
positives and reduced sensitivity for certain viral
infections [48&&].

In addition tonewmultiplex techniques, unbiased
approaches to the detection of pathogens, exempli-
fiedby metagenomic next-generation sequencing
(mNGS) but also encompassing technologies such as
Phage ImmunoPrecipitation Sequencing and peptide
arrays, havebegun to revolutionize IEdiagnostics [42&].
Such approaches enable detection of both known and
rare novel infectious agents and are most commonly

applied to CSF samples, though they can also be per-
formedonother fluidsandbrain tissue. Ina recent large
study, 20% of the 220 infectious diagnoses were iden-
tified by CSF mNGS alone arguing for increased adop-
tion of mNGS in the setting of suspected CNS
infections [49&,50]. While tremendously promising,
the use of mNGS is currently limited by cost, technical
complexity, and the potential for false negatives in
patients with low viral loads. As advances in diagnostic
technologies have improved overall diagnostic yield,
clinicians should consider their integration into clin-
ical practice within appropriate clinical contexts, as
illustrated in Fig. 1.

UPDATES IN ACUTE MANAGEMENT

Supportive

Treatment recommendations for IE have remained
largely supportive due to the paucity of effective
targeted approaches. An intensive care unit admis-
sion may be required for timely stabilization of air-
way, breathing, circulation, intracranial pressure,
seizure control, and hemodynamic support [51&].

Antimicrobial therapy

Intravenous acyclovir remains the standard first-line
therapy for herpes simplex virus (HSV) and varicella-
zoster virus (VZV) encephalitis, typically adminis-
tered at 10mg/kg for 2–3weeks. Early initiation of
treatment is the most important modifiable factor
influencing mortality [52&&,53]. While acyclovir is
effective against viral replication, clinical outcomes
are influenced by factors that affect drug distribution
and cellular uptake.

Despite advances in antiviral therapy, data on
the pharmacokinetics of agents used to treat CNS
infections remain limited. Several studies have dem-
onstrated delayed and incomplete penetration of
acyclovir, with CSF-to-serum area under the curve
(AUC) ratios of approximately 0.15–0.30 in the
absence of significant meningeal inflammation
[54]. This limited exposure is suboptimal, as antiviral
activity against HSV is time-dependent, and rapid
attainment of adequate CNS drug concentrations is
critical for favorable clinical outcomes [55]. More-
over, acyclovir uptake occurs predominantly via pas-
sive, nonsaturable transmembrane diffusion driven
by concentration gradients, a process highly depend-
ent on the balance between lipophilicity and hydro-
philicity. As a hydrophilic compound, acyclovir
exhibits restrictedmembrane permeability, with esti-
mated bioavailability of approximately 50% follow-
ing intravenous administration and 20% after oral
dosing [55]. Consequently, drug distribution into the
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brain parenchyma and interstitial fluid may be lim-
ited, potentially resulting in insufficient intracellu-
lar concentrations of the active metabolite,
acyclovir triphosphate, and reduced antiviral effi-
cacy [55]. In addition, a subset of patients may
exhibit acyclovir resistance due to mutations in
the viral thymidine kinase gene. Moreover, orga-
noid models of HSV-1 encephalitis demonstrate
that while acyclovir effectively suppresses viral rep-
lication, it fails to prevent severe neuronal and
neuroepithelial injury, suggesting that inhibition
of viral replication alone may be insufficient once
downstream pathogenic mechanisms are activated
[56]. Higher initial loading doses and co-adminis-
tration with inhibitors of efflux transporters are
some of the proposed strategies to enhance CNS
bioavailability but require further investigation to
determine their efficacy and safety in clinical set-
ting [54].

Therefore, there remains anongoingneed forwell
tolerated, orally available, and highly target-specific
antivirals. The limited clinical benefit observed with
repurposed drugs during the COVID-19 pandemic
highlights the limitations of nonspecific antiviral
strategies [57]. Accordingly, thedevelopment ofnovel
direct-acting antivirals is essential to improve thera-
peutic outcomes and strengthen preparedness for
future viral outbreaks [57].

Despite growing efforts, only one new class of
drug, the helicase primase inhibitors, which block
the unwinding of double-stranded viral DNA, have
been adopted in clinical practice. Approved in Japan,
amenamevir is used to treat zoster and recurrent HSV
infections but has yet to show efficacy in encephalitis
[58&].

Unfortunately, there are no antimicrobial agents
that have shown efficacy in the setting of human
arboviral infections. Preclinical studieswithnucleoside

FIGURE 1. Clinical diagnostic algorithm for suspected infectious encephalitis. This flowchart outlines a stepwise approach to
diagnosing infectious encephalitis. Figure created using BioRender.
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analogs, protease inhibitors, cholesterol-lowering
agents, and cytokine modulators have shown some
promise in reducing viral titers in vitro and in vivo, but
further clinical evaluation is needed [59&&].

Empiric antibiotic therapy is often initiated
using a combination of third-generation cephalo-
sporins, vancomycin, and/or doxycycline, depend-
ing on the suspected microbe, local epidemiology,
and patient-specific factors [46]. In the case of scrub
typhus, doxycycline is the first-line treatment,
despite the emergence of resistant strains in Thai-
land. Notably, a short course of azithromycin has
been shown to be equally effective in children and
pregnant women [33&].

Immunomodulatory therapies

Immunotherapy for infectious encephalitis
Amajor question that remains is whether adjunctive
immunomodulatory therapy should be routinely
administered to patients with infectious encephali-
tis, in an effort to decrease deleterious inflammation
associated with the infection.

Neuroinflammation is a defining feature of IE
and is consistently demonstrated in both human
disease and experimental models [60,61]. Following
viral invasion and release of damage-associated
molecular patterns, resident microglia and astrocytes
initiate and sustain local inflammatory responses
[60,61]. Consequently elevated CSF levels of cyto-
kines such as interleukin (IL)-6, IL-1β and tumor
necrosis factor alpha (TNF-α) contribute to blood–
brain barrier (BBB) dysfunction by increasing endo-
thelial permeability, increasing matrix metallopro-
teinase-9 (MMP-9) activity, and recruiting peripheral
immune cells amplifying tissue injury [60,61]. These
shared inflammatory pathways are observed across
major viral encephalitides, including HSV, WNV,
JEV, and SARS-CoV-2 [62].

In arboviral encephalitis specifically, chemo-
kines such as CCL5 and CXCL10 are consistently
associated with more severe neuroinflammation in
WNV, JEV, and tick-borne encephalitis with exper-
imental inhibition of CCL5 demonstrating decreased
neuroinflammation and improved survival [63&]. In
parallel, CD8+ T cells have been found to be major
mediators of CNS immunopathology in arboviral
murine models. While they serve only a limited role
in viral clearance, they appear to contribute substan-
tially to tissue injury [64].

Given the prominent contribution of immune-
mediated injury to the pathogenesis of encephalitis,
adjunctive corticosteroids have been explored as a
strategy to limit secondary inflammatory brain dam-
age in IE. Corticosteroids reduce pro-inflammatory

cytokine production, inhibit T-cell activation,
decrease MMP-9 expression, and may stabilize BBB
integrity. In preclinical HSV-1 models, delayed ste-
roid administration, typically �72h after infection,
reduces chronic neuroinflammation with minimal
effect on viral replication and overall viral load [65].
Some prospective and retrospective studies have
reported improved clinical outcomes and minimal
adverse events following short courses of low-dose
corticosteroids in patients with HSV-1 and JEV ence-
phalitis [66,67]

Nevertheless, despite these findings, the overall
evidence supporting the routine use of corticoste-
roids in IE remains inconsistent. In particular, several
randomized controlled trials (RCTs) have failed to
demonstrate a clear clinical benefit [65] Notably, the
GACHE trial, which was terminated due to insuffi-
cient recruitment, and the blinded DexEnceph trial,
phase 3 trial in adults with HSV encephalitis, con-
cluded that adjunct dexamethasone was safe but did
not show improvement in neurological outcomes at
6 or 18months compared with acyclovir alone
[60,68].

Overall, although adjunctive steroids appear safe
andmay reduce inflammation-mediated CNS injury,
current evidence does not support their routine use
in IE because of inconsistent survival and functional
benefits and the potential risks of immunosuppres-
sion [51&,62,65]. Therefore, further RCTs are needed
to rigorously evaluate safety and to determine opti-
mal timing, dosing, duration, and pathogen-specific
effects [65].

Beyond corticosteroids, preclinical studies pro-
vide limited support for the use of IVIg, particularly
in arboviral encephalitis. However, a clinical trial in
WNV encephalitis failed to demonstrate therapeutic
benefit, and a randomized trial of IVIg in children
with all-cause infectious encephalitis was discontin-
ued because of slow recruitment [69,70].

Immunotherapy for postinfectious
encephalitis
Although immunotherapy isnot considered a standard
treatment for IE, it is typically used in cases of auto-
immunity following infection – for example, in auto-
immune encephalitis following HSV [71&,72]. In that
setting and following other infections such as arboviral
encephalitis, antineural antibodies can develop. These
antibodiesmost commonly target theNMDA receptor,
though associationswithGAD,CASPR2,GABAAR, and
LGI1 have also been reported [73–75]. First-line agents,
including corticosteroids, intravenous immunoglobu-
lin, and plasmapheresis, with or without subsequent
use of second-line agents such as rituximab and cyclo-
phosphamide, are considered the treatments of choice,
demonstrating efficacy in improving neurological

CNS infections

214 www.co-infectiousdiseases.com Volume 39 � Number 3 � June 2026

Copyright © 2026 Wolters Kluwer Health, Inc. All rights reserved.



outcomes, irrespective of the specific antibody target
[76]. Nevertheless, patients with postinfectious AE
often exhibit attenuated recovery due to preexisting
neuronal injury [76,77]. Consequently, current pre-
liminary evidence has suggested that early immuno-
modulation during IE may mitigate secondary
autoimmunity, possibly narrowing the traditional sep-
aration between antiviral and immunotherapy strat-
egies [76].

PREVENTION

Vaccination

Given thedearthof effective therapeutics for IE, immu-
nization remains the most reliable strategy to reduce
morbidity and mortality. Although existing vaccines,
including IXIARO, thepurified, inactivatedaluminum-
adjuvanted JEV vaccine, and formalin-inactivated tick-
borne encephalitis vaccines, offer protection relative to
the prevaccine era, their effectiveness has diminished,
in part due to reduced neutralizing antibodyresponse
against emerging genotypes [78,79&]. That said, new
promising vaccine candidates, such as ChimeriVax-
WN02, a live attenuated chimericWNV vaccine based
on a yellow fever backbone, have advanced to phase II
trials, marking a key milestone toward developing
analogous vaccines against emerging pathogens such
as USUV [80&,81]. Furthermore, next-generation plat-
forms, such as virus-like particles and ionizable nano-
particle vaccines, have demonstrated safety, enhanced
immunogenicity, and efficacy across multiple age
groups; however, they are still in the early stages of
developmentdue to thecomplexityof creatingamulti-
valent, single-dose vaccine against multiple serotypes.
Notably, even when effective vaccines are available,
deployment and uptake are confounded by ongoing
vaccine hesitancy and economic challenges that hin-
der equitable global distribution [74,78,82&&].

Surveillance and vector control

Surveillance of arboviral infections remains limited,
particularly in regions like sub-Saharan Africa, where
misdiagnosis and asymptomatic infections are com-
mon. To address these gaps, platforms such as Arbo-
Tracker have been established to quantify disease
burden, immunity, and guide vaccination strategies
[83&]. Increasingly, genomic surveillance is being
used to track pathogen evolution and to screen for
new infectious agents [84,85&,86].

CONCLUSION
The emergence and re-emergence of pathogens will
continually transform the landscape of IE. While

advances in diagnostics, including mNGS, will
enhance our ability to identify pathogens, efforts
are needed to translate preclinical discoveries into
effective antiviral treatments. For arboviral encepha-
litis, in particular, a comprehensive strategy involving
immunization, surveillance, and vector management
will be crucial in countering the ongoing threat of
disease.
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