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ABSTRACT: Japanese encephalitis is a viral disease affecting humans, mostly the children and is a
major concern to public health. The single stranded flavivirus is mainly transmitted by mosquitoes of the
Culex genus and causes neurological disorders with high fatality. The virus is well amplified in animals
like pigs (swine) that act as a host. Close proximity of the domesticated pigs to human settlements
increases the risk of human infection. The animal to human zoonoses of this antigen is occured through
the mosquitoes bite. Recent developments have led to discovery of various vaccines for the treatment of
the disease. This review discusses various aspects of the Japanese encephalitis disease with their
transmission, pathogenesis and diagnostic strategies. Moreover it highlights the importance of
prevention of transmission of the disease over its cure by proposing a hypothetical kit design model to
detect presence of the Japanese encephalitis antigen in the swine populations. This detection process
may help to detect infected animals and thus help to keep such animals away from the human
settlements so as to prevent transmission as well as outbreak of the disease. This may further help to

create a disease free environment, thus saving many lives.
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INTRODUCTION

Japanese encephalitis is a viral disease affecting humans
and is caused by the Japanese Encephalitis Virus (JEV).
The disease is found worldwide and is mostly prominent
in the south East Asian regions [1]. Japanese
encephalitis is a disease of major public concern and
accounts for approximately 20-30 % of fatalities [2].
Japanese encephalitis virus is a flavivirus belonging to
the family flaviviridae. The virus is a single stranded
positive sense RNA virus. Vertebrates like birds and
pigs act as a host, playing an important role in the
maintenance and growth of the virus while the
invertebrate mosquitoes act as vector for transmission of

the virus from the hosts to other living beings, especially
to the humans [3]. The disease mostly affects children
aged between 0-14 years [4], however children of 3 to 6
years of age are the victims of highest attack rates of the
virus in the endemic areas [5-6]. Non-immune adults are
also prone to the disease in endemic areas [7]. Japanese
encephalitis is a disease of major public concern, thus
causing an estimated 50,000 cases and accounting to
15,000 deaths (30%) per annum [8]. Among the
survivors, almost half (35%) of them suffer from various
neurological diseases [9] (Figure 1).

The disease is spread over three epidemiological regions
— Endemic region, Intermediary subtropical region and
temperate endemic region (Table 1). The disease
transmission is variable in nature and is dependent on
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environmental temperature and conditions [10]. Five
genotypes of the Japanese encephalitis virus can be
found — Ia, Ib, I, 111 and IV [11, 12]. Genotype 11l was
predominant among the early isolates and is how being
gradually replaced by the genotype I [13].

Table 1. Epidemiological regions and spread of Japanese encephalitis

Geographical areas
Southern India, Southern Vietnam,
Southern Thailand, Philippines, Malaysia,
Indonesia.
Northern India, Nepal, North and Central
Burma, Northern Thailand, Northern
Vietnam, Southern China, Bangladesh.
Northern China, Korea, Japan, Taiwan,
Southern extremes of Russia.

Epidemiological Regions
Endemic region

Intermediary subtropical
region

Temperate endemic region

Global scenario of Japanese Encephalitis
cases and deaths reported per year

# Normal Survival
¥ Deaths

M Survival with neuro problems

Figure 1. Reported cases of Japanese Encephalitis and the deaths
involved therein.

The review focuses on various aspects of the Japanese
encephalitis disease which includes its mode of

transmission, various stages and pathogenesis in humans.

Moreover, the review also briefly describes current
approaches for detection of the viral antigen in animals
and their shortcomings. The authors emphasize the use
of citrate stabilized gold nanoparticles for possible and
efficient detection of the antigen in serum samples of
swine. A hypothetical kit design method has been
proposed that makes use of these citrated gold
nanoparticles for rapid, efficient and easy detection of
the antigen in swine population.

DISEASE TRANSMISSION

Mosquitoes, especially the Culex species, generally act
as a vector for the transmission of Japanese encephalitis
to vertebrates [14]. The Japanese encephalitis virus

cycle mainly involves water birds and Culex mosquitoes.

Besides, pigs also act as an amplifying host, thereby
linking to the humans due to their close proximity to
dwellings [15]. In general, there are two recognized
epidemiological patterns of Japanese encephalitis — the
endemic pattern and the epidemic pattern. (Figure 2)
describes the details about occurrence of both the
patterns.
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Figure 2. Epidemiological patterns of Japanese encephalitis.

The transmission cycle of Japanese encephalitis (Figure
3) makes it very much difficult to control the spread of
the disease. The virus is mostly found in the aquatic
birds that act as a reservoir. These viruses are taken up
by the mosquitoes when they feed on these aquatic birds.
On the other hand the virus is transmitted by the
mosquitoes from the birds to animals like pigs which act
as an amplifier, thus multiplying the virus inside their
body cells. Mosquitoes bite these infected animals and
take up the virus again and have more chances of
transmitting the same to humans because of the close
proximity of these animals to human dwellings.
Moreover, these mosquitoes breed in stagnant water
bodies or irrigated fields thus posing a greater chance of
transmission to humans who act as a dead-end host. This
is because the humans do not pose the ability to amplify
the virus in sufficient amount to be taken up again by the
mosquitoes. Further transmission of this disease to new
geographical areas is mediated by the birds migrating
from one place to another. Experiments have also
confirmed that vector less transmission of the virus
between pigs can occur via nasal secretion [16].

STAGES OF JAPANESE ENCEPHALITIS

Patients infected by the Japanese encephalitis virus show
signs of ‘acute encephalitic syndrome’ [17]. Stages of
Japanese encephalitis can be broadly classified into 4
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stages. The first stage also known as the prodromal stage,
is marked by a sudden inception of high fever and
headache along with certain other non-specific
symptoms like malaise, nausea, vomiting and anorexia.
The second stage is the ‘acute stage’ which includes
decreased consciousness leading to mild clouding or
even more adverse conditions like semi-coma or coma.
These symptoms are also accompanied by convulsions,
neck stiffness and weakness. Patients with more serious
conditions generally die at this stage. The third stage or
the ‘late stage’ is characterized by improved
neurological conditions in patients who do not have any
complications. The fourth and final stage also called the
‘sequelae stage’ includes complete recovery in mild
cases. However, patients with high severity are found to
be left with neurological defects even after improvement
of their health conditions.

Amplifiers of
N Japanese
¥ Encephalitis
Virus

Dead — End Hosts

Figure 3. Transmission cycle of Japanese encephalitis virus

PATHOGENESIS OF JAPANESE
ENCEPHALITIS

Following inoculation of the virus into the skin by the
mosquitoes, replication of the viral cells occur within the
‘Langerhans dendritic cells’ similar to that observed in
case of dengue virus [18] and or in the ‘Keratinocytes,
as observed in case of West Nile virus. This is followed
by transfer of the virus to local lymph nodes where
further replication occurs. This leads to Viraemia and
the virus crosses through the blood-brain barrier to enter

the central nervous system (CNS). Once the virus
reaches inside the CNS, uncontrolled replication takes
place [19]. Inside the CNS, the neurons are the principal
target cells for replication of the virus [20-22].

The severity in pathogenesis of Japanese encephalitis
has prompted many researchers worldwide to work
towards efficient diagnosis of the disease and its
possible prevention. Many diagnostic processes have
been applied either as single or in combination with each
other for the purpose. The section below describes some
of the current major diagnostic processes being followed.

CURRENT DIAGNOSTIC SCENARIO

The Japanese encephalitis infection is generally
asymptomatic in nature and thereby presents a challenge
as far as the diagnostic perspective is concerned. The
diagnostic procedures rely highly on a combination of
clinical, serological and molecular findings [23], thus
making the process highly complicated.

Clinical diagnosis

In vitro isolation of the viral antigen from the central
nervous system samples of the animals is possible using
tissue culture techniques. The isolated cells can be
visualized using a cell dye such as crystal violet. In vivo
isolation and detection is also carried out in 2-4 day old
mice by administering an intracerebral injection of the
homogenized central nervous system tissue sample
obtained from the affected animals. If the sample
contains JEV antigen then, the mice would show
neurological symptoms and death occurs within 14 days.
Following the death, the brain of the mice can be
removed and the isolation and detection of the antigen
can be carried out using cell culture technigues.
However, proper identification of the viral antigen
requires further serological or molecular steps.

Serological diagnosis

The serological diagnostic procedures mostly rely on the
reaction of antibodies with the antigen present in either
cerebrospinal fluid or serum samples of the infected
animals. Manual ELISA (Enzyme-linked
immunosorbent assay) assays and commercially
available IgM ELISA kits are mostly used for the
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diagnosis of Japanese encephalitis [24]. However, these
methods require significantly high concentration of
antibody in the serum sample for proper detection. The
processes may also pose a chance of giving false results
due to cross-reactivity between other flaviviruses if
present in the serum samples [25], and thus requires
separate  serological methodologies for accurate
interpretation of the results [26].

Molecular diagnostic methods

Several molecular methods have been described and
tested for detection of Japanese encephalitis virus by
reverse transcription polymerase chain reaction (RT-
PCR) [27-28]. Molecular assays compatible for
application directly in the field where there is limited
availability of equipments have been developed. Parida
et al., 2006 described the reverse transcription loop-
mediated isothermal amplification (RT-LAMP) assay
for the above purpose [29]. Multiplex assays involving
detection and differentiation of a wide range of viruses
along with Japanese encephalitis virus has acquired
greater interest [30]. Whole genome sequencing
techniques have been able to provide a more thorough
genetic identification of the virus [31] along with their
geographical origin. The molecular techniques are
highly specific. However, they simultaneously require
highly skilled personnel for their proper execution and
also involve high cost in terms of the various
equipments, chemicals and primers used.

CITRATE STABILIZED GOLD
NANOPARTICLES IN THE DIAGNOSIS OF
JAPANESE ENCEPHALITIS

Nanoparticles are defined as ‘very small particles which
behave as a complete unit in terms of their transport and
properties’ [32] with a diameter ranging below 100 nm
[33]. These particles are widely studied and have wide
range of applications [34, 35] which include applications
in the field of biology and medicine too (Table 2).

Table 2. Applications of nanoparticles in the field of biology and
medicine

Application of Nanoparticles References
Delivery of Drug and Gene [36-37]
Detection of Proteins [38]

DNA structure probing [39]
Destruction of tumour [40]
Tissue Engineering [41, 42]
Separation & purification of [43]
biological entities

Biological detection of pathogens [44]

Among the nanoparticles being used, gold nanoparticles
(Au NPs) carry high significance which can be mainly
attributed to the unique optical properties possessed by
them. Au NPs are currently in trend for use in various
biomedical applications because of their
biocompatibility, functionalization, lesser toxicity and
easy detection [45]. These AuUNPs undergo colour
changes depending on the environment [46] and can
thus be used as a sensor for detection of antigens in
blood serum. Citrate (in the form of trisodium citrate or
citric acid) plays a major role in providing stability to
the gold nanoparticles. Apart from stabilizing, it also
acts as a reducing agent during formation of various
sized AuNPs. Citrate stabilized AuNPs have been a
subject of major focus which may be attributed to their
wide range of utilities in various fields. Citrated AuUNPs
have been used to develop a rapid and easy colorimetric
method for detection of cyromazine contamination in
environmental samples [47]. Citrate stabilized AuNPs
have also been found to hinder fibrillogenesis of
globular proteins that are responsible for many severe
disorders like the Parkinson’s and Alzheimer’s discase
[48]. Colorimetric assay for detection of creatinine in
urine has been developed that makes use of citrate
stabilized AuNPs resulting in a cross-linking reaction
leading to aggregation of the nanoparticles and thus a
characteristic color change from red wine to blue [49].
This method could be possibly used to diagnose any
disease or malfunctioning related to the kidneys.
Quantitative comparison between citrated AuNPs and
transferrin-coated nanoparticles showed greater uptake
of the citrated AuNPs into the mammalian cells. This
indicates that these nanoparticles can be used efficiently
as vehicle for drug delivery inside mammalian cells [50].
Citrated stabilized AuNPs coated with anti epidermal
growth factor receptors have been used successfully to
target squamous cells in human oral carcinoma [51].
Citrate capped AuUNPs are also used for general
detection of bacterial pathogens. Gold nanoparticles
synthesized by citrate mediated reduction of gold salts
have been used in a simple spectroscopic assay for
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detection of Cronobacter sakazakii [52], a bacterium
that is known to cause fatal infection of the bloodstream
and central nervous system. Keeping in mind the wide
utilities of citrate stabilized AuUNPs, we provide a
hypothetical method for designing a kit that utilizes
these nanoparticles and may prove to be useful in
detecting the Japanese encephalitis virus in pigs.

Control Absorbent
Line Pad

Nitrocellulose
Conjugation

Membrane
Pad /

Sample Pad

<

¢ o<
> © o<
=<

¢

Japanese encephalitis Antigen

Gold nanoparticle conjugated

o<

monoclonal antibody

AN

Monoclonal antibody

Figure 4. Hypothetical Kit design using citrate stabilized gold
nanoparticles for detection of Japanese encephalitis in swine.

Gold nanoparticles can be synthesized by Turkevich
method [53] and then utilized to develop a sensor with
the ability as well as accuracy to detect the Japanese

encephalitis antigen in animals especially pigs (Figure 4).

Citrate stabilized gold nanoparticles can be used for the
purpose as they give a red colour in solution and are also
detectable at low concentrations [54]. A lateral flow
paper that is made up of nitrocellulose membrane can be
generally used for the purpose. The strip of paper should
consist of a sample pad at one end followed by a
conjugation pad, a test zone, a control zone and finally
an absorbent pad at the other end. The conjugation pad
will have gold nanoparticles conjugated on to absorbed
primary antibodies specific for the Japanese encephalitis
antigen. The test zone or the test line will contain
adsorbed monoclonal antibodies specific for the antigen
and the control line will contain secondary antibodies
(Anti-1gG) that can easily bind to the IgG present in the
blood serum.

Blood samples obtained from animals (pigs) can be
directly put on the sample pad. The sample would start
to flow laterally to the opposite direction. Once the
blood sample reaches the conjugation pad, gold
nanoparticles conjugated primary monoclonal antibodies

specific for the Japanese encephalitis antigen will bind
to the viral antigen (if present) in the sample and move
forward towards the test zone. Upon reaching the test
zone the monoclonal antibodies present will bind to the
viral antigen-gold nanoparticle complex. Deposition of
gold nanoparticle on the test line will give a red
coloured line [55] indicating a positive result i.e.
presence of Japanese encephalitis antigen in the sample.
The control line that consists of anti — 1gG secondary
antibodies will then bind to the 1gG present in the blood
serum to give another red line. The control line is just to
confirm that the kit is working properly and there is
unidirectional flow of sample from the sample pad to the
absorbent.

The proposed model may prove to be beneficial and may
possibly overcome the limitations faced by the current
diagnostic methods in practice. The proposed kit may
help in detecting the Japanese encephalitis antigen from
swine serum samples with high specificity and low cost.
The kit can also be easily marketed and can be easily
afforded by marginal people living in villages. Further,
it does not require a well established lab nor any high-
end specific instruments and skilled workforce for its
operation. It will also provide results in quick time and
will thus facilitate to control the spread of the disease to
humans in a timely manner.

CONCLUSIONS

Many vaccines have been developed for the treatment of
Japanese encephalitis. However, most of the vaccines
are associated with certain side-effects. Keeping in mind
the severity of Japanese encephalitis and the death rates
involved therein, there arises an immediate need to
prevent the disease transmission from swine to humans.
As such, the hypothetical model may help to design a kit
that may successfully detect the antigen in the serum of
swine. The current diagnostic methods in practice
involve a large cost of analysis, skilled work force,
consume more time and sometimes provide results with
very low specificity. The current model may prove as an
easy, rapid, cost-effective and user friendly approach for
detection of Japanese encephalitis in animals like swine.
Timely detection of the virus in the swines could
possibly help contain future outbreaks and thus save
many lives.
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