TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science
( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:07/Issue:01/January-2025 Impact Factor- 8.187 WWW.irjmets.com

JAPANESE ENCEPHALITIS: A MULTIFACETED CHALLENGE IN GLOBAL
HEALTH
Sanket Karale*1, Niharika Tumade*2, Moldoev M.L.*3, Turusbekova A.T.*+
*1,2NMC, Nashik, India.
*34Guide, NMC, Nashik, India.
DOI : https://www.doi.org/10.56726/IRJMETS65958

ABSTRACT

Japanese encephalitis (JE) poses a critical public health challenge in Asia, characterized by complex viral
transmission dynamics, significant neurological impacts, and persistent outbreaks. This review explores JE’s
epidemiological trends, molecular complexity, clinical presentations, and control strategies. The virus,
primarily transmitted by Culex mosquitoes and amplified through animal reservoirs such as pigs and birds,
thrives in agricultural landscapes, particularly rice paddies. While the majority of infections are asymptomatic,
severe cases lead to debilitating neurological damage. Advanced diagnostic tools like RT-PCR and neuroimaging
enhance disease management, while vaccination remains the cornerstone of prevention. Despite these
measures, challenges in vector control, ecological factors, and genetic mutation rates complicate eradication
efforts. A comprehensive, multidisciplinary approach is essential for tackling this enduring global health threat.

I.  INTRODUCTION

The world's health scene is constantly trying to deal with complex viruses. This kind of viruses kills our basic
knowledge of the bond between human and the environment. Japanese encephalitis even goes beyond such a
case. Besides being a conventional medical problem, the syndrome here is a very complicated viral disorder. It
was first found in Japan in the late 19th century and then, changing from something being a local medical
mystery to a more general medical disaster it transformed into a global health issue that had to be studied
scientifically and handled effectively. The Japanese encephalitis virus (JEV) is very complex in its transmission
and disease progression which makes it very different from the other viruses through the mosquito. Its
propagation is a mature process and it is a direct result of the interaction of mosquito vectors, animal
reservoirs, and human hosts. This, in turn, creates an eco-system that is diverse and made of many different
layers. This detailed organization calls for an approach that is not limited to one discipline but incorporates
knowledge drawn from virology, ecology, epidemiology, and public health in order to both understand and
successfully combat [the disease].

II. DIAGNOSTIC METHODOLOGIES

Diagnosis of the Japanese encephalitis by modern methods turns out to be a successful combination of cutting-
edge technology and scientific correctness of the approach. The modern diagnostic field uses several different
advanced methods that are able to probe deeply into the viral detection, characterization, and monitoring.
Among serological approaches, a solid-phase immunosorbent binding method is being employed, especially the
enzyme-linked immunosorbent assay (ELISA), Inter Alia, the virus was found through our seroconversion tests
with a high accuracy of 95%.Moreover, the molecular diagnostic tools have empowered our capabilities, with
reverse transcription-polymerase chain reaction (RT-PCR) being a very significant method to find the viral
genome. These developed methods enable the quick catching of viruses in the bloodstream, the analysis of their
genetics, and measure of viral load in a few hours of sample collection. Premier, the upgrade of sequencing has
illuminated the trend of the virus’s evolution, these tools have also offered information relative to genetic
mutations and potential adaptive mechanisms.

Neuroimaging is a necessary tool that is used in the identification of the Japanese encephalitis. High-resolution
pictures that are made by modern techniques like magnetic resonance imaging (MRI) and computed
tomography (CT) give doctors a good look at neurological symptoms, monitor the same, and evaluate neural
connections. These imaging tools give us broad view of the virus's impact on the brain. The involvement of
artificial intelligence algorithms in these imaging technologies could lead to the improvement of diagnostic
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precision, which in fact would be accomplished with the help of earlier detection and more efficient
intervention strategies.

Molecular Characterization: The analysis of the Japanese encephalitis virus (JEV) is the level of genome
complexity that conventional views on viral evolution can challenge. The virus's genome is a single-stranded,
positive-sense RNA approximately 11,000 nucleotides long, with five distinct genotypes identified. Study of
genealogy reveals that the virus is in a continuous state of genetic mutations, thus, it is the virus's remarkable
ability to adapt that is the subject of focus. This genetic variability causes difficulties in the attempts to craft
effective vaccines and long-term management strategies for JE.

III. EPIDEMIOLOGICAL ANALYSIS

The geographical distribution of Japanese encephalitis (JE) is intricate, which mainly appears in some regions of
Asia. Such countries as China, India, Nepal, Vietnam, and Thailand are the main epicenters of the virus
transmission. Epidemiological data show that the situation in almost all the Asia-Pacific countries has different
levels of danger with a total of 13,600 to 20,400 deaths per year some of them featured, thus, making the issue
as the biggest public health problem in the area.

In India, Japanese encephalitis is a significant health problem, arguably, kids are the most affected group. The
very first document of JE in India was made in 1952, after that, many epidemic outbreaks were experienced.
The worst outbreaks in Bankura, West Bengal, happened during the time of 1973. Recently, in India, the virus
has been found in almost every part of the country and it is becoming a recurrent disease. The states that are
more heavily impacted include Andhra Pradesh, Assam, Bihar, Haryana, Karnataka, Kerala, Maharashtra,
Manipur, Tamil Nadu, Orissa, Uttar Pradesh, and West Bengal. The union territories of Goa and Pondicherry
have also reported outbreaks. Uttar Pradesh (UP) has been especially affected by JE where the outbreak which
started in 1978 is being monitored in the present. Gorakhpur district experienced the most prolonged outbreak
of 2005 between July and November 2016. The number of cases went up from 1,344 in 2005 to 1,802,188 in
2016. Said districts Gorakhpur and Basti, which are situated in the eastern UP, are under the highest level of
threat from the virus. This is due to factors such as extensive paddy fields, basin topography, and seasonal
flooding. These aforementioned environmental features generate very fertile grounds for the mosquito vectors.
The transmission dynamics of Japanese encephalitis (JE) in the Grand Earthly Cavern consist in the intricate
ecological coexistence of Culex mosquitoes, in the main Culex tritaeniorhynchus, and various reservoir hosts,
domestic pigs, and migratory water birds, among others. Agricultural landscapes, as a rule, rice paddy
ecosystems, are places where the mosquito population is at its highest, thereby creating high-risk areas for viral
transmission. The reproduction number (RO) of the virus is estimated to be between 1.2 and 2.8 according to
mathematical models, which tells us that small localized outbreaks may occur. This, in turn, implies that
targeted, ecological and health interventions are vital for controlling and managing the spread of the disease.
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IV.  CLINICAL MANIFESTATIONS

Japanese Encephilitis comes with a specter of clinical manifestations, the most common being from the light to
severe neurological symptoms. A total of 99% of the infected people go through life without any symptoms;
however, not all them falls under the asymptomatic category. The virus has a particular affinity for neurological
tissue, the hippocampus, the thalamic nuclei, and the brainstem, for instance, are the particularly affected
ones.The response of JE immunity through to the body is a mixed interplay of humoral and cellular
mechanisms, including T-cell CD4+ activation, the production of interferon-y, and the generation of neutralizing
antibodies. The immune responses themselves underwent during can not only defend away from the virus but
also symbolize the complicated biological processes of the disease control.

V. CONTROL AND PREVENTION

Japanese encephalitis (JE) has acquired the status of an alarming public health issue in India due to the complex
eco-epidemiological conditions associated with it. Just the reported cases of JE are evident to say that there is
much more of a problem beneath the surface than it seems to be with a great number of subclinical infections
that left undetected. To sum up, the incidence of JE cases cannot be taken as a true measure of the population at
risk. The Government of India is aware of the seriousness of the situation and, therefore, has put in place a
comprehensive plan of attack which aims to not only reduce the disease burden but also to prevent the
associated mortality, morbidity, and disability. This plan includes targets of large-scale vaccination campaigns,
as well as the reinforcement of existing surveillance programs in the high-risk districts and the improvement of
vector control methods. Such innovative plans are set up, with immediate referrals for the more critical and
complicated cases. Furthermore, the primary action for the government that is to be undertaken refers to the
improvement of sanitary facilities and the provision of safe drinking water to the population. The government's
way of problem-solving also involves the calculation of the disability burden due to JE, comprising measures
such as physical, medical, neurological, and social rehabilitation. In addition, a nutrition improvement program
specifically for the high-risk age group has been conceived to address the broad needs of the affected
population.

Mosquito control has not completely solved the problem of the spreading of Japanese encephalitis (JE),
although, the need of new, non-toxic pesticides for vector control is the most outstanding. While pigs'
vaccination and protection of humans from the contracted mosquitoes may impose some temporal measures in
some risky zones, these are not the longer-term measures. The vaccine remains one of the most effective ways
to eradicate JE. By starting with the accepted guidelines for vaccination and risk management, the inflicted
people will often find the disease curtailed dramatically. Therefore, the control of JE will be successfully
achieved through mass vaccination as the main method of the disease spreading prevention.

Vaccination is the cheapest and most practical way to protect oneself from JE on a permanent basis. The virus
survives in animals and birds as intermediate hosts, which makes the complete elimination of the threat
impossible. Therefore, the vaccination of all people is the main protector during long periods.

The popular vaccine that is used to fight JE is the inactivated Mouse Brain-Derived Vaccine, JE-VAX, which was
invented in Japan in the 1930s and was exported to other countries by Sanofi-Pasteur. The vaccine uses wild-
type Nakayama or Beijing-1 strains that were extracted from mouse brain tissue. It is suggested that travelers
get three doses, while the children of the affected areas either get one or two doses. Even though the kids seem
to be the main ones who benefit, some of the travelers report declining effectiveness, and approximately 70%
of the vaccinated individuals get sick within a year. Besides inactivated vaccine, the live attenuated vaccine of
the SA 14-14-2 strain that was cultivated in Vero cells and primary hamster kidney (PHK) cells has been made
and is being distributed by many countries. This vaccine, which has been recommended by the World Health
Organization (WHO), is a powerful immune system activator and is highly efficient, with 100% simplicity after
two doses for children aged one or two years. The vaccine has been very thoroughly tried so as to secure that it
is devoid of harmful microorganisms, and it is approved for use in new countries like South Korea, Nepal, Sri
Lanka, and India. This effective vaccine not only causes a strong immunity defensive but it also has the
protection to non-infectious parts of a virus by inducing a non-specific immune response.
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VI. CONCLUSION

The Japanese encephalitis outbreak is still a major issue in the public-health system for various reasons, among
them being its ecological complexity, the seriousness of neurological sequelae, as well as the frequent outbreaks
in Asia. India is an example of the type of illness that affects whole towns and individual villages, with the cycle
starting from animal to human, then back to animal, and then to a human again. Even though successful
vaccination programs like the use of SA 14-14-2 live-attenuated vaccines have helped to reduce the number of
cases, deficiencies in vector control, sanitation, and long-term immunity still persist. Both diagnostics and
genetic studies help researchers understand the viral changes, but treatment of the infection, as a whole, is only
possible with an integrated concept. Improving the vaccine distribution, environmental monitoring, and
community health infrastructure is a crucial factor in decreasing the infirmity and mortality rates. While
dampening is far from over, the JE control goal can be reached with the constant effort in research, policy, and
community engagement.
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