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ABSTRACT

Article history:

Background: Japanese encephalitis (JE) is one of the most important zoonotic diseases in
a cosmopolitan manner. Japanese encephalitis virus (JEV) infection represents at least 70
% of emerging diseases caused by the mosquito-borne JEV. Nearly 20-30% of case fatality
corroborated in JEV infections with 30-50% neurologic and psychiatric disorders. A strong
epidemic distribution is observed mainly in South-East Asia, demonstrating typical
seasonal characteristics and occasional outbreaks. Depending on the genetic diversity,
geographical distribution, and emerging natures of JEV, the disease surveillance, and
immunization strategies are also varied. Uncontrolled population growth, haphazard agroanimal farming, and ecological imbalance steer the emergence and reemergence of JEV
occurrences. Some murine models elucidate the immunological phenomena of JEV
infections, the more detailed pathogenesis depending on the genetic variation is yet to be
well defined. And the immune-epidemiological traits also address significant concerns
regarding the effective vaccines and immunotherapeutics against JEV infections.
Therefore, we summarized some critical notions on molecular epidemiology,
immunogenicity, and genetic variance of JEV in South-East Asia.
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Introduction
The Japanese encephalitis virus (JEV)
infection is an arthropod-borne neglected disease in
the temperate and sub-tropical countries, ensuing
either epidemic or sporadic patterns, respectively
[1]. The emerging and re-emerging patterns of JEV
are predominantly related to multifaceted risk
factors, including ecological, environmental, and
immunological aspects related to amplifying hosts
and vector vessels [2]. Most recently, upon

Immunoglobulin M (IgM) seroconversion, JEV is
known to be transferred from a blood transfusion
from infected to immune-compromised humans [3].
Japanese encephalitis virus incidence and
distributions vary with host-vector lineages,
topography, and primary distribution of genotypes
[4]. Genotypes I, II, and III are distributed
throughout Asia; genotype IV to Eastern Indonesia,
and genotype V is scattered in Malaysia, China, and
South Korea [5]. Japanese encephalitis virus
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genotype shifting is a proven phenomenon in spatial
epidemiological patterns, like genotype II shifting to
genotype I in Vietnam and Thailand [6]. Moreover,
genotype I emerge as the more lethal after
substituting genotype III in Asia's southeast
temperate regions [7]. And these are positively
related with global and landscape scales, with deep
interactions between vectors and final hosts to
predict initiations, emergence, or re-emergence [8].
Nearly 4 billion people are at risk of JE.
And the occurrence severity is resulting almost 25%
fatality, neuropsychiatric sequelae in 30% of cases
[9], as well as permanent neurological disability in
Southeast Asian infant survivors [10]. Significant
outbreaks of JE transmission intensify during the
rainy season due to the rapid breeding of vector
populations. The spread of JEV in new areas has
been reported to be interlinked with rice cultivation,
and agricultural development works. Safe and
effective JE vaccines are proposed to prevent
disease in endemic areas. The JE prevention and
control activities strengthened surveillance and
immunization in all regions where the condition is a
recognized public health hazard. In JEV infection
preventive purposes, the human vaccination
program is vital other than immunizing pigs’
population or mosquito control measures [11]. But
due to genetic and antigenic heterogeneity, precise
prevention, and control measures of JEV are
drawing essential concerns for South-East Asia [4].
However, different animal disease models and
molecular epidemiological studies are applying to
define immunomodulatory signatures of JEV
infection [1].
So, JEV invasion in South-East-Asia is
infrequent and depends on the genetic variations.
Precise epidemiological data on immunization and
surveillance could assist in public health decisionmaking regarding vaccine formulation and
campaign strategies. Therefore, in this review, we
aim to identify the vaccines or other
immunotherapeutics available against JEV in this
region.
Discussions
Animal models to study the immune responses
Diverse animal models (murine, porcine, monkey,
etc.) are used to determine the exact mechanisms
and
immune
cells,
signaling
pathways,
immunomodulation patterns involving innate and
adaptive immunity of JEV infections. As the first
line of defense against JEV infection, the natural

immune system restricts virus-mediated pathology
and communicates for programming humoral and
cell-mediated protective immune responses [12]. As
JEV is an RNA virus and due to variations in
genome, having risks of integration of viral genes
into the host genome. Thus, JEV enhances the viral
infectivity inside the host, and can invalidate the
effect of both innate and humoral immune
responses. Both innate and adaptive immunity are
addressing important signatures for effective
preventive measures in JEV infection. The innate
immune response is characterized by a level of IFNα detection in the plasma and CSF of JEV infected
patients [13]. Upon infection, JEV can bypass the
innate response of type I, II, or III via interfering
with the host-cell gene expression, inhibiting the
IFN mechanism, and limiting the viral PAMPs. JEV
infection activates IRF3, NF-κB, and AP-1
signaling through the secretion of type I (α/β) IFNs,
thus evading the host immune response [14,15].
Moreover, JEV NS5 is shown to block the
JAK/STAT signaling pathway, hindering IFNs
induced the antiviral response of host cells and
exacerbates the JEV pathogenesis. JE severity
reveals a high level of type I IFNs in plasma and
CSF, and virus burden significantly increased in
those model animals lacking IFN-α-receptor [16].
It is found that JEV altered the splenic dendritic cell
(DC) subpopulation and infected DCs release
antiinflammatory cytokine IL-10, which led to a
reduction in the priming of CD8(+) T cells, but not
CD4(+) T cells. Recently, employing IFN-αreceptor knock-out mice, we also found that type I
IFN signaling is crucial in regulating JE progression
and severity [13,14]. The humoral immune response
in either the final hosts or vectors is well defined
with JEV specific IgG and IgM to protect JEV
dissemination to CNS [17]. Moreover, we have
reported that blood-brain-barrier (BBB), adhesion
molecules, and tight junctions play critical roles in
CNS attack [18]. And conversely, immediate failure
to generate JEV specific neutralizing Abs may
exacerbate case fatalities [19]. The cell-mediated
immunity in JE infection is yet to draw definite
mechanisms. However, like others [11], we have
also applied in-vivo murine models addressing the
roles of CD4+ and CD8+ T cells in the protective
streams of JEV with a convincing window [13, 14,
20] Some murine models reported influential
immunomodulatory roles of CTLs in JE infection.
Furthermore, solenocytes reported being protective
against lethal challenges [14, 21].
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In one of our mice models for JEV infection, we
corroborated that 4-1BB triggering is an effective
way to make the positive cellular changes, resulted
in increased CD8(+) T and decreased CD4(+) T
cells. The triggering of 4-1BB also suppresses
autoimmunity by accumulating indoleamine 2,3dioxygenase (IDO) in dendritic cells (DCs) in an
interferon (IFN)-γ-dependent manner of JEV
infected mice [13,14]. In the absence of IDO activity
the JEV induced pathogenesis become reduced
through reducing the JEV burden in lymphoid and
CNS tissues and resulted in early and increased CNS
infiltration by Ly-6C(hi) monocytes, NK, CD4(+),
and CD8(+) T-cells [18]. More interestingly, IDO
ablation induced rapid enhancement of type I IFN
(IFN-I) innate responses in CD11c(+) dendritic cells
(DCs), including conventional and plasmacytoid
DCs, following JEV infection [14, 18].
Vaccines and immunotherapeutics against JEV
Many certified vaccines are currently administering
against JEV, though the specificity and safety index
goes through coherent screening in model animals
[22,23]. Three JEV vaccines are widely used in
Asia-pacific to prevent JE infection in children. And
a meta-analysis study was reported earlier regarding
their efficacy and safety [24]. A reported metaanalysis earlier regarding the efficacy and safety of
3 JEV vaccines widely used in Asia-Pacific to
protect infants and children against JE [25].
Immunologists raised some logical questions about
using JEV-I(PHK), and JEV-L (PHK) as those
vaccines produced by PHK cells contain
heterogeneous cellular matrix proteins. This cellular
matrix protein has the potential sensitizing
capabilities to hosts against the vaccines. However,
the vaccine JEV (Vero) represented good safety, but
the immunogenicity is very low [24]. Several
murine models also described the beneficial
therapeutic roles of IgM, TLR7, type I IFNs in JE
pathogenesis. Similarly, chemicals like rivabarin,
arctigenin, curcumin, minocycline and glucosidase
inhibitors help in regulating the cellular apoptosis,
activation and differentiation of microglia, caspase3 activation, and the induction of pro-inflammatory
mediators in JEV infection [10, 17, 25].
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the viral proteins. But the repeated exposures and
influx of virus population may escalate the
neurodegenerative disorders. Considering in-vivo or
ex-vivo JEV infectious models, findings should be
re-authenticated through coherent studies on
molecular and spatial-temporal epidemiological
signatures. Due to the shifting of genotype
virulence, JEV shows unpredictable traits
depending on ecological evolutions. So, we need to
reconsider the genetic and environmental change
during any meta-analysis on JEV epidemiology and
immunogenicity in the preferred study areas. Due to
the reemerging nature of JEV infections, it is crucial
to implement strategies in strengthening JE
surveillance systems to understand the disease
burdens and subsequent immunization programs.
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