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Abstract

Purpose of review As an eminently vaccine-preventable disease, encephalitis caused by
Japanese encephalitis virus (JEV) has attracted an unusually high degree of attention from
those seeking to develop viral vaccines. Since the 1950s, all types of JEV vaccines
including inactivated, recombinant and live attenuated ones have been licensed. As an
example of an extremely successful endeavour, the time is ripe for reviewing the devel-
opment of JEV vaccines and probing the reasons behind their uniform success.

Recent findings Vaccines against JEV have come a long way since the first licensing in the
mid-1950s of the mouse brain-grown-inactivated virus preparations, to the present day
live-attenuated virus vaccines. A survey of the various inactivated and live vaccines
developed against JEV provides a striking insight into the impressive safety and efficacy
of all the vaccines available to prevent encephalitis from JEV. This review juxtaposes
studies to understand naturally acquired immunity against JEV that have mostly been
published post-2000, compares these with those elicited by vaccines and highlights the
paucity of data on cell-mediated immune responses elicited by JEV vaccines.

Summary This article not only seeks to make available the immense salient literature on
this endeavour in one collection, but also queries the basis for the remarkable success of
JEV vaccines, not least of which may be the ease of protecting against encephalitis caused
by JEV. To conclude, the true test of the ingenuity of those dedicated to the pursuit of viral
vaccines would be success against viral diseases such as HIV-AIDS and dengue that pose a
far greater challenge to scientists.
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Introduction

Japanese encephalitis virus (JEV) is the major etiological
agent of encephalitides in Asia and some Western Pacific
nations along with Northern Australia (Fig. 1). The JEV
transmission cycle comprises the Culex tritaeniorhynchus
or Culex vishnui mosquito species as vector which breed
in stagnant water of rice fields where they encounter
birds that serve as replicating hosts along with pigs.
The first reported large epidemic of JEV occurred in
1924, and the first virus isolation from a post-mortem
brain sample in 1934 in Japan gave us the prototype
Nakayama strain [1]. A global estimate of JEV cases by
Burke and Leake in the late 1980s pegged the total new
cases from 16 endemic countries at approximately
50,000 annually [2e]. A more recent estimate based on
meta-analysis of published literature and national inci-
dence estimates from 24 JEV-endemic countries [3] ar-
rived at an annual incidence of 67,900 cases of JE en-
cephalitis, barely 10% of which get reported to the
World Health Organization (WHO).
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What we know about JEV

JEV is a zoonosis; humans get infected when bitten by
the infected mosquito vector that maintains the trans-
mission cycle through water birds and pigs. In fact, pigs
are the most important replicating hosts for JEV due to
high peripheral titres achieved following infection. The
known absence of human to human transmission of JEV
is attributed to the low titres of virus in blood which is
deemed insufficient to infect mosquitoes [4]. In
humans, the incubation period is believed to last 5 to
15 days followed by sudden onset of fever as the first
symptom. Invasion of the central nervous system by the
virus can manifest as meningeal, parenchymal or spinal
cord involvement. Children often experience altered
sensorium, seizures and other neurological symptoms.
Although a vast majority of JEV-exposed individuals
experience only a subclinical infection with 1 out of
approximately 500 individuals showing disease symp-
toms, a third of JE encephalitis cases are fatal and nearly
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Japanese Encephalitis Virus Geographic Distribution. Photo Courtesy of CDC.

Fig. 1. Geographic distribution of Japanese encephalitis virus.
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half the survivors experience long-term neurological def-
icits, leading to lifelong physical and mental impair-
ment, with significant social costs. JE encephalitis is
preventable by vaccination; hence, vaccines against JEV
assume enormous significance in the absence of any
known drugs to treat this and other flaviviral diseases.

JEV belongs to the family Flaviviridae, genus Flavivi-
rus. Only a single serotype has been identified as of
today; based on phylogenetic analysis of the envelope
gene of JEV, 5 genotypes have been described [5]. The ~
11 kilobase long viral genome is comprised of single-
stranded RNA of positive polarity that encodes a single
large polyprotein which when processed by cellular
signalase, golgi-resident protease furin and virally
encoded protease, gives rise to 3 structural (capsid C,
envelope E and pre-membrane prM) and 7 nonstructur-
al proteins. The former 3 are part of the viral particle
while the latter are synthesised within virus-infected
cells. The JEV E protein binds the viral receptor on host
cells and is the target of virus-neutralising antibodies [6].
In mice, passive transfer of antibody prior to virus inoc-
ulation prevented viremia and demonstrated their pro-
tective role [7], perhaps setting the stage for the subse-
quent focus on neutralising antibody generation in all
vaccine development efforts.

There has existed since the 1940s, a series of efforts to
develop multiple vaccines against JEV, which may be
broadly categorised into three types: (1) inactivated JE
vaccines, (A) inactivated virus grown in mouse brain
(MB-JEV) and (B) inactivated virus grown in primary
hamster kidney or Vero cells; (2) live-attenuated JE virus
vaccines and (3) live yellow fever virus (YFV)-JEV chi-
meric recombinant vaccine.

Inactivated JE vaccines

The earliest vaccine against JEV was a mouse brain-
derived formalin-inactivated virus that was
manufactured by the Research Foundation for Microbial
Diseases of Osaka University, also referred to as the
BIKEN Foundation, established on an Osaka University
campus in 1934 by the bacteriologist Tenji Taniguchi.
The BIKEN vaccine prepared from either the Nakayama
or Beijing-1 strains of JEV grown in suckling mouse
brains (MB-JEV) was licensed for human use by the
Ministry of Health and Welfare, Japan, in 1954 and is
credited with having brought down the incidence of JE
encephalitis dramatically in Japan and Taiwan. The dis-
advantages of MB-JEV has been the requirement for
multiple doses as would be expected for a killed vaccine,
along with complex manufacturing procedures, not to

mention safety concerns arising from the presence of
brain tissue-derived material in the vaccine preparation
and animal ethics issues. This first generation vaccine
with impressive protective efficacy of 91 to 97.5% [8, 9]
continued to be used well after 2000; however, a lone
case of disseminated encephalomyelitis in a vaccinated
individual temporally linked to vaccine administration
prompted the discontinuation of its manufacture, and it
ceased to be used once all vaccine lots were exhausted in
2011. However, MB-JEV manufactured in a Thai facility
using technology transferred from the BIKEN Founda-
tion continued to be used as part of the Thai National
Immunization program.

Next generation inactivated JEV vaccines include ei-
ther the Beijing-3 or P-3 strains of JEV cultivated in
primary hamster kidney cells produced in China that
was in routine use since 1968 in all Chinese national
JE vaccination campaigns with nearly 70 million doses
administered until 2005. Inactivated JEV vaccines have
also used Vero cell-grown JEV, both wild type and atten-
uated strain SA-14-14-2. The Beijing-1 strain of JEV
grown in Vero cells, inactivated and freeze dried has
been marketed as JEBIK [10] and ENCEVAC [11]. Over
time, the latter has found favour for veterinary use. The
attenuated strain SA-14-14-2 of JEV grown in Vero cells
and formalin inactivated was developed as a vaccine
(IC51) by Intercell AG under licence of VaccGen Inter-
national LLC and sold under the brand name IXIARO in
Europe and Americas and as JESPECT in Australia and
New Zealand.

Live-attenuated JE vaccine SA-14-14-2

The development and characterisation of the live-
attenuated Chinese vaccine SA-14-14-2 have been de-
scribed in great detail [12]. Briefly, the virulent strain
SA14, isolated from a pool of mosquito larvae, was
passaged more than a hundred times in primary hamster
kidney (PHK) cells to obtain an attenuated clone with
reduced virulence of LD5,> 6.0log;TCIDs(. The prob-
lematic loss of neuro-attenuation of this isolate when
passed through mouse brain was sought to be negated
by further passages in PHK cells followed by isolation of
virus from non-neural tissues of infected mice. Enhance-
ment of the poor immunogenicity of the virus obtained
was achieved by oral passages in hamsters and recovery
of virus from hamster spleens. Further enhancement of
immunogenicity was achieved by subcutaneous infec-
tion of suckling mice followed by purification of virus
isolated from skin tissue on PHK cells. This complex
passage history has clearly given rise to an extremely safe
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viral vaccine, even safer than the yellow fever 17D-live
attenuated vaccine [13ee].

Chimeric YFV-JEV recombinant vaccine

Chimerivax-JE, as the chimeric YFV-JEV recombinant
vaccine is called, was generated by inserting the prM
and E genes of a PHK-5 passaged SA-14-14-2 vaccine
strain of JEV grown in LLC-MK; cells on the cDNA
backbone of the yellow fever 17D vaccine strain using
reverse genetics [13ee]. While the live-attenuated SA-14-
14-2 grown in PHK cells had been in routine use in
China since the 1980s, this cell line was unacceptable
for the regulatory agencies of Western nations,
prompting the construction of Chimerivax-JE. The pri-
mary fallout of this effort was of course a highly safe and
efficacious vaccine against JEV; the additional benefits of
this exercise were intense light shed on the molecular
basis of attenuation of Chimerivax-JE and hence SA-14-
14-2. The first publication that reported the laboratory
construction of Chimerivax-JE already revealed that the
structural proteins prM and E were primarily responsible
for the attenuated phenotype of SA-14-14-2 and hence,
of Chimerivax-JE. Interestingly, relative to the parent
virulent strain SA14, the vaccine strain had suffered 8
amino acid changes in the viral envelope (E) glycopro-
tein. The chimeric virus expressing the prM-E of the wild
type Nakayama strain on the same YF-17D backbone
showed neurovirulence and killed intracerebrally inocu-
lated mice; however, Chimerivax-JE was completely at-
tenuated for neurovirulence when administered intra-
cranially to ICR mice [13ee]. Subsequent studies con-
firmed the primacy of the mutated E of SA-14-14-2 in
determining its attenuated phenotype [14, 15]. It should
be noted that YF-17D vaccine which was also generated
by nearly 300 sequential passages in cell lines [16] car-
ried the maximum number of 8 of the 22 amino acid
substitutions relative to its virulent parent, in its E pro-
tein that are believed to be responsible for its attenua-
tion [17]. Non-human primates vaccinated subcutane-
ously with Chimerivax-JE survived an intra-cerebral
challenge from virulent JEV [18] attesting to its impres-
sive safety profile.

The ChimeriVax technology has been used to build
chimeric live-attenuated vaccines also for West Nile virus
(WNV) and for DENV. All these candidates have under-
gone extensive testing in cell culture for stability, in
animal models as well as in human clinical trials. In
addition, their environmental safety pertaining to their
infection of and transmission by arthropod vectors,

birds and pigs have all been evaluated and their safety
has been abundantly verified [19].

How safe are JEV vaccines? Very safe!

It is heartening to note that all the above vaccines devel-
oped against JEV have been subjected to elaborate test-
ing of their safety, immunogenicity and protective effi-
cacy across age groups in multiple countries worldwide.
The mouse brain-derived vaccine, reflecting the early
times of its deployment, was assessed the least. This
preparation was administered to US servicemen during
the World War II. One of the first efficacy trials of this
preparation in Taiwan in 1965 suggested that it was
effective. A highly purified preparation of this vaccine
based on the Nakayama strain, whose efficacy was never
tested, was routinely used in Japan [8ee], where exten-
sive safety surveillance of vaccinated populations were
carried out. A special team from the ministry of health
and welfare carried out a survey in 1965 of more than
20,000 vaccinated individuals, predominantly
consisting of those below 18 years of age and found
no severe adverse reactions. Mild symptoms including
fever and malaise were observed in 1.2% of those sur-
veyed [20]. In a more exhaustive survey of millions who
received this vaccine between 1957 and 1966, severe
neurologic disease within 1 month of vaccination was
noted in 26 individuals [21, 22]. However, no etiologic
relationship could be demonstrated between these
symptoms and the JE-MB vaccination. The US Centres
for Disease Control sponsored an Investigational New
Drug Exemption for the import and use of this vaccine
in the USA during the 1980s [23]. In 1984, a bivalent
mouse brain vaccine containing both Nakayama and
Beijing-1 strains of JEV was developed [8ee]. However,
several safety and immunogenicity studies with this vac-
cine had to be mandatorily undertaken to enable its
licensure in the USA in 1992 [24].

An exhaustive meta-analysis of papers published in
the literature was carried out to compare the safety and
immunogenicity of 3 JEV vaccines, namely 2 JEV-
inactivated vaccines grown either in Vero cells (JEV-
I(Vero)) or primary hamster kidney cells (JEV-I(PHK))
and the live-attenuated vaccine (JEV-L) [25]. To assess
the safety of the 3 vaccines, the authors compiled ad-
verse reactions reported in 5,5 and 6 publications, re-
spectively, for JEV-I(Vero), JEV-I(PHK) and JEV-L. Using
a random effects model to handle the observed signifi-
cant heterogeneity in the published results, the authors
arrived at pooled adverse event rates of 18.09%, 12.49%
and 10.08% for JEV-L, JEV-I(Vero) and JEV-PHK,
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respectively. When post hoc multiple comparisons be-
tween individual studies were performed, the rate of
adverse events was indeed higher for JEV-I(Vero) com-
pared to JEV-I(PHK). However, similar pairwise compar-
isons between the 2 inactivated vaccines and JEV-L re-
vealed no difference between the inactivated vaccines
and JEV-L.

Another similar review which compared all available
JEV vaccines including JE-CV, IXIARO, live-attenuated
SA14-14-2 vaccine, Vero cell-derived inactivated vaccine
and MB-JEV [26] also concluded that all JEV vaccines
were safe and effective. These results on the safety of JE-
CV compare favourably with other studies [27] in JEV-
naive toddlers and 2- to 5-year-old children who had
received JE-MB. A single dose of JE-CV was also tested
extensively in adults in the USA and Australia and found
to have a good safety profile |28]. Extensive literature also
exists for the safety profile of live-attenuated JE vaccine
SA14-14-2. This vaccine was first licensed in China fol-
lowing trials that vouched for its safety during a 3-week
follow-up period [29]. As of 2017, around 700 million
doses of this vaccine had been produced and used glob-
ally [30ee]. An extremely comprehensive meta-analysis
of published literature on the safety of this vaccine was
undertaken given that SA14-14-2 is used widely all over
Asia and was prequalified by the WHO in 2013 [31].
Among local reactions, erythema, swelling and pain of a
non-severe nature were the most common when
solicited, whereas fever, cough and irritability were the
most common mild systemic reactions followed by
vomiting, diarthoea and drowsiness. While several safety
studies that documented severe adverse events (SAE)
concluded that they were unrelated to the vaccination,
in others, causality was not established, often due to
study design or the nature of passive surveillance
[30ee]. Overall, this meta-analysis concluded that SA14-
14-2 is a safe vaccine. Table 1 provides a broad compar-
ison of the safety profile of the JEV vaccines discussed.

Impressive immunogenicity of JEV vaccines

The successful assessment of immunogenicity of any
vaccine requires predetermined endpoints that may be
measured in the vaccinated population [34, 35]. In gen-
eral, all studies on immunogenicity of JEV vaccines have
focused on seroconversion. Virus-neutralising titres for
50% reduction in plaque numbers have been the uni-
form measure of vaccine immunogenicity and PRNT
titre of > 10 has been used as the benchmark that a
vaccine had to elicit, to be considered sufficiently
immunogenic.

Immunogenicity studies were often combined with
those to assess safety. Thus, a meta-analysis was obliged
to combine these two aspects of JEV vaccines [25]. The
seroconversion rates for 2 JEV-inactivated vaccines
grown either in Vero cells (JEV-I(Vero)) or primary ham-
ster kidney cells (JEV-I(PHK)) and the live-attenuated
vaccine (JEV-L) were pooled from 5, 8 and 11 indepen-
dent studies. The observed significant heterogeneity in
the published rates was mitigated by a random effects
model for their meta-analysis. They arrived at the highest
pooled seroconversion rate of 86.49% for (JEV-I(Vero))
followed by 83.52% and 62.23% for (JEV-L) and (JEV-
[(PHK)), respectively (Table 2). The authors performed
post hoc multiple comparisons with several individual
studies to confirm these conclusions. In a Korean study
of 274 children aged 1 to 2 years who were randomised
to receive either of the live-attenuated JEV vaccines JE-CV
or SA14-14-2, seroconversion rates after a single dose
was 100% and 99.1%, respectively [32]. Ratios of
PRNTs, titres measured on day 28 and day O of vacci-
nation were higher for JE-CV (182 [95% CI 131; 251])
than for SA14-14-2 (116 [95% CI 85.5, 157]). A two-
dose schedule of SA14-14-2 in Korean children was also
highly immunogenic.

Cell-mediated immune (CMI) responses elicited by
JEV vaccines have not been studied except one study that
investigated a small number of volunteers vaccinated
with the live attenuated SA14-14-2 vaccine [37].

JEV vaccines afford excellent protection

The low incidence of JEV renders the assessment of any
JEV vaccine’s efficacy extremely challenging since mea-
suring protection against clinical endpoints of disease in
randomised control trials or cohort studies is exacting.
Hence, all but two [8, 38] efficacy studies have relied on
JEV-neutralising antibody titre for 50% virus
neutralisation (PRNT50) of > 10 as a surrogate of pro-
tection [35]. The first JEV vaccine manufactured at the
BIKEN Foundation in Japan as a formalin-inactivated
mouse brain-derived JEV preparation showed impres-
sive efficacy and dramatically reduced the incidence of
JEV in Japan and Taiwan from 1950 to 1980, where it
was used extensively [20]. However, from the 1970s,
other Asian countries including Thailand, India and
Nepal saw a huge surge in JEV cases and adopted use
of the BIKEN vaccine. In a large placebo-controlled trial
of children aged 3 to 7 years in Taiwan in 1965, the
efficacy of this vaccine was estimated to be 80% [38].
While the Nakayama strain was initially used to manu-
facture this vaccine, the Beijing strain replaced it in the
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Table 1. Safety of JEV vaccines

JEV vaccine Adverse reactions

Cases/total
JEV-I(PHK) pooled 78/687
JEV-I(Vero)d pooled 172/1731
JEV-L pooled 825/2457
SA14-14-2 LAV 18/137
SA14-14-2 LAV 376/2878
JE-CV 17/137

late 1980s since it was shown to be more immunogenic
[39]. An assessment of efficacy of the Nakayama strain
vaccine which was used in Taiwan spanning a period
ranging from 1967 to 2000 revealed that among 1- to
14-year-old children, the efficacy of completing 1, 2 and
3 doses of immunisation was 85.59%, 91.07% and
98.51%, respectively [40]. A study carried out in India
showed that protective levels of neutralising antibody
titres were retained in vaccinated individuals up to
4.5 years post-vaccination [41].

The inactivated Vero cell-derived vaccine IXIARO
which has become very popular for vaccination of trav-
ellers was shown to boost pre-existing immunity from
the JE-MB vaccine [42, 43] which lasted for a year after-
wards. This regimen was also shown to provide cross-
protection against multiple genotypes of JEV [44]. The
seroprotection from a booster with IXIARO measured by
PRNT titres was 100% in those previously vaccinated
with JE-MB and 93% in naive recipients. The inactivated
cell culture Japanese encephalitis vaccine ENCEVAC re-
sulted in seroprotection of 100% of recipients of 2 doses
of the vaccine [45].

Reference

Rate (95% CI) %
10.08 (7.74-12.42) [25]
12.49 (10.07-14.91) [25]
18.09 (15.83-20.35) [25]
13.1 (8.0-20.0) [32]
13.06 [33]
12.4 (7.4; 19.1) [32]

SA-14-14-2 has been the subject of numerous studies
to assess its vaccine efficacy, through multiple case con-
trol studies across geographies and age groups [46-48].
As summarised in Table 3, these studies have yielded
values for vaccine efficacy from a single-dose
immunisation ranging from 80% in children below
15 years of age to 99.1% in adults. This vaccine has been
used in several countries in a single dose and has
afforded excellent seroprotection.

What can we learn about protective immunity to JEV
from naturally acquired immunity in JEV-endemic
settings?

In the South East Asian and South Asian countries where
JEV is endemic, serological surveys in rural areas revealed
that everyone is exposed to JEV. Among those infected,
the ratio of those developing fever and encephalitis
varies from 1 in 300 to 1 in 500 [51, 52]. In these JEV-
endemic countries, children are the predominant vic-
tims of encephalitis, pointing to the acquisition of nat-
urally acquired immunity in adults from repeated expo-
sure. How may we relate vaccine success to JEV-induced

Table 2. Immunogenicity of JEV vaccines

JEV vaccine Seroconversion
Cases/total

JEV-I(PHK) pooled 71/80
JEV-I(Vero) pooled 375/468

JEV-L pooled 822/972
SA14-14-2 LAV 116/117
SA14-14-2 LAV 82/90

JE-CV 119/119

Reference
Rate (95% CI) %
88.75 (79.72-94.73) [25]
86.49 (83.64-89.36) [25]
83.52 (80.90-86.14) [25]
99.1 (95.3; 100) [32]

91 [36]
100 (96.9; 100) [32]
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Table 3. Efficacy of JEV vaccines

JEV vaccine Efficacy (%) (95% CI) Reference
JE-MB 84.8 [9]

JE-MB 1 dose 85.59 [40]

JE-MB 2 doses 91.07 [45]

JE-MB 3 doses 98.51 [49]
JEV-I(Vero)-2X 100 [50]

JE-CV 100 [48]

IXIARO 99 [46]

SA14-14-2-case control
SA14-14-2-case control

immune responses in endemic populations? Several
studies have mapped the humoral immune responses,
including IgM, IgG and neutralising antibody responses
in endemic populations [53, 54]. While antibody titres
typically do not distinguish healthy exposed individuals
living in JEV-endemic regions from encephalitis patients
[55¢], cell-mediated immune (CMI) responses specific
to JEV proteins clearly distinguish healthy exposed indi-
viduals from those who suffer from encephalitis follow-
ing JEV infection. The nonstructural protein 3 (NS3) was
shown to be the dominant target for T cell responses,
especially CD8+ T cells not only in JEV infections [56-
58] but also in human dengue infections [59]. The
predominant correlate of immune protection in JEV-
endemic settings was demonstrated to be flavivirus
cross-reactive CD8+ cytotoxic T cells capable of secreting
interferon gamma in addition to other TH1 cytokines
such as IL-2 and TNF-a [56-58, 60]. Vaccine develop-
ment strategies have predominantly focused on eliciting
virus-neutralising antibodies for which presence of the
PrM-E cassette of JEV suffices, whether in the form of
non-infectious virus particles in killed vaccine prepara-
tions or using the ChimeriVax technology. Vaccine im-
munogenicity studies were content with estimating
virus-neutralising antibody titres using PRNT assays;
hence, there exists a dearth of published literature

Conclusions

94.5 (81.5-98.9)
99-3% (CI 94-9-100%).

documenting T cell responses to JEV proteins in vaccine
recipients [37]. We do not know to what extent vaccine-
elicited CMI responses reflect those seen in endemic
settings. The inherent properties of adjuvants such as
aluminium hydroxide used in the inactivated vaccines
such as IXIARO are likely to skew the CMI responses.
While the live-attenuated vaccine SA14-14-2 would evi-
dently recruit the complete bouquet of human humoral
and cell-mediated immune responses, the potential of
the ChimeriVax technology that relies on the YF17D
backbone to exploit T cell help and cytotoxicity remains
unexplored. Consideration of the surfeit of published
studies recording the flavivirus cross-reactivity of T cell
responses to JEV and dengue virus [58, 61-65] would
lead one to assume that the YF-17D backbone would
provide sufficient cross-reactive T cell functions. Howev-
er, judging by the poor efficacy of tetravalent chimeric
dengue vaccine (CYD) developed by Sanofi Pasteur
using this technology, the success of ChimeriVax-JE
may also be partly attributed to the ease of protecting
against JEV in contrast to the exacting demands on a
successful dengue vaccine. Indeed, it has been suggested
that the absence of well-documented human DENV-
specific CD8+ T cell epitopes [66] in the CYD vaccine
may have led to its disappointing performance in exten-
sive human trials [67].

While the inactivated vaccines relied on the viral structural proteins alone to
stimulate immune responses of vaccines, the recombinant and especially live-
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attenuated vaccine SA14-14-2 have brought to bear the entire proteome of JEV
or the related flavivirus YFV to recruit T cell help for generating virus-
neutralising antibodies. Investigations aimed at unravelling the complete pro-
file of cell-mediated immune responses elicited by the various JEV vaccines are
in order, not to mention the awe-inspiring systems immunology of innate
immune responses that have been investigated following vaccinations against
influenza, malaria, tularemia, etc. [68-71]. The complex role of T-follicular
helper cells recruited by various viral epitopes and their contribution to protec-
tion versus pathology as observed in dengue disease would add another deeper
layer to our understanding [72-75]. The insights thus gained are bound to
inform the scientific community of not only improving the immunogenicity of
existing vaccines but also on arriving at successful common platforms for other
more challenging flaviviral vaccines such as DENV and ZIKV. The ChimeriVax
platform could also be exploited for non-flaviviral vaccines.

In summary, JEV has received an unusually high level of attention from
vaccinologists who have obviously found the pursuit of vaccines against JEV an
academically lucrative exercise with guaranteed success. It is to be noted that
every vaccine against JEV that has become available over the decades since the
1950s has been assessed to be extremely safe and efficacious. No other disease,
viral or otherwise, has had this charmed experience in regard to vaccine devel-
opment. It is however the challenges thrown by wily pathogens such as HIV,
polio and dengue viruses that will serve as spurs for the community to stretch
itself intellectually and harness the less queried arms of the human immune
system.
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