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Review Article

Introduction

JE is one of the most important arboviral enceph-
alitis in the world with high incidence, mortality, 

and morbidity, which is transmitted to man by cu-
licine mosquitoes. It is a zoonosis and the basic cy-
cles of transmission involve the mosquito, pig, and 
ardeid water birds, with man acting as an incidental 
dead-end host, with more than 50,000 new cases and 
about 15,000 deaths occurring annually in the world 
(Zheng et al., 2012; Nemeth et al., 2012).The caus-
ative agent JEV is a single stranded positive sense 
RNA virus belonging to family Flaviviridae. It is one 
of the major causative agents of pediatric encephalitis 
or viral encephalitis in East Asia, Southeast Asia and 
Australia (Xu et al., 2013). Since the first epidemic 
in Japan in the 1930s, the prevalence area of JE has 

been increasing in the past 80 years and now JE be-
come prevalent across several tropical and temperate 
regions, including countries in southern, southeast-
ern, and eastern Asia, the Pacific rim, and northern 
Australia and the Australian mainland. In developed 
Asian countries such as Japan, Taiwan, South Korea 
and China, JE incidence has dropped considerably as 
a result of carry out vaccination campaign, vector con-
trol, improved agricultural practices and pork farm-
ing, and overall improvement in sanitation. However, 
there are still more than 10,000 cases being reported 
annually from China (Zheng et al., 2012). Although 
the current vaccine can reduce the incidence of JEV 
infection, the virus is still spreading beyond its tradi-
tional boundary (Endy and Nisalak, 2002). There is 
an utmost need for the development of epidemiolo-
gy, infection mechanism, novel diagnostic technology 
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and antiviral therapy to provide effective measure to 
the patients. Hence, the present review aims to discuss 
the currently research involving in JEV enzootic cycle, 
genotypes, infection pathway, clinical manifestation 
and control, etc. for better preventing and controlling 
JE disease and its related disorders in the future.

Enzootic cycle of JEV 

It has been reported that bats and water birds such 
as herons, egrets, and other ardeid birds are the most 
important hosts of JEV, moreover pigs are main res-
ervoir for disseminating JEV and acted as important 
amplifier hosts because of high-titer viremia during 
infection. Both pigs and birds are considered main 
component in the transmission cycle with respect to 
human infection (Ghosh and Basu, 2009). JEV infec-
tion in other domestic animals does not result in high 
viremia and some of these animals would have low or 
high level antibodies by natural infection, so they are 
not expected to transmit the virus to humans. In the 
same way, man-to-man transmission does not occur 
because of transient low-level viremia in humans.

JE tends to be endemic, with peak cases appearing 
during June to Sept each year (Kant Upadhyay, 2013). 
Human infections are mainly spread by Culex tritae-
niorhynchus which breeds in pools of stagnant water. 
The mosquito salivary gland plays important roles in 
JEV transmission and JEV could replicate in the sal-
ivary glands of the mosquitoes. Mature JE virions re-
main entrapped in intracellular vacuoles and are later 
released into the apical cavity of salivary gland cells 
through the fusion of these vacuoles with the apical 
plasma membrane. Another way of virus shedding is 
directly through the apical plasma membrane (Dutta 
et al., 2010a).

JEV Genotypes 

Five JEV genotypes have been identified based on 
the nucleotide sequence of viral envelope E capsid C, 
membrane M genes (Li et al., 2011). Genotypes I, II, 
and III are distributed all over the geographical area of 
Asia, while genotype IV is restricted to Eastern Indo-
nesia. The genotype  V strain of JEV was first isolated 
in Singapore from a patient who originated from Ma-
laysia (Uchil and Satchidanandam., 2001) and it has 
most genetically different from other JEV genotypes 
(Mohammed et al., 2011). Genotype V has isolated 
form Malaysia, China and the Republic of Korea. As 

suggested by Solomon et al. (2003), JEV have origi-
nated from the oldest JEV lineage (Genotypes IV and 
V) which have only be found in Indonesia-Malay-
sia region, and later JEV has spread from this region 
across Asia. It was classically accepted that Genotypes 
I, II, and III accounted for 98% of the strains isolated 
since 1935 (Le Flohic et al., 2013; Chen et al., 2013).

Pathway of JEV invasion

The actual mechanism of JEV reaches the central 
nervous system (CNS) is not entirely clarified. There 
a repossibilities that JEV is amplified in dendritic 
cells (DCs) and Langerhans cells of the skin through 
a mosquito bite. Then JEV invade the CNS via leuko-
cytes, where JEV virions bind to the endothelial sur-
face of the CNS and are internalized by endocytosis 
( Johnston et al., 2000; Dutta et al., 2010b). 

Clinical manifestations and breaking BBB of 
JE

JEV infections are mostly asymptomatic or cause mild 
infection and <1% of people infected with JEV devel-
op clinical disease. 19 The incubation period for JEV 
infection may be from 5 to 15 days. The manifesta-
tions of JE depend on which part of the nervous sys-
tem is affected. After JEV infection, the clinical course 
conventionally divided into 3 stages: prodromal phase, 
encephalitic phase and late stage noticed by recovery 
or persistence of signs of CNS injury. Apart from the 
classical presentation, some atypical presentations 
such as febrile seizures, aseptic meningitis, and acute 
flaccid paralysis-like illness also have been reported 
(Solomon et al., 1998; Kimura et al., 2010). 

Viruses invade the CNS are prevented by virus-spe-
cific and nonspecific host immunity and physical 
barrier, such as blood-brain barrier (BBB). It has re-
ported that during JEV infection, the structural and 
functional integrity of BBB has severely being bro-
ken, which matrix metalloproteinases (MMPs) has 
important role in changing the permeability of BBB 
(Mishra et al., 2009; Gupta et al., 2010). When JEV 
enter into the CNS, they could spread to the whole 
CNS, which result in devastating consequences (Liu 
et al., 2008; Cecilia et al., 2009). 

Diagnosis and antivirus therapy

There are no specific signs or symptoms that distin-
guish JE from other causes of acute encephalitis syn-
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drome (AES). Thus, it is very hard to confirm the JE 
disease based on clinical symptoms in patients. JE 
disease is currently diagnosed by detecting viral anti-
gens and virus neutralization IgM antibodies in blood 
serum and CSF by ELISA in laboratory. The labora-
tory diagnosis of JE is established by measuring (1) a 
fourfold increase in serum antibody titer, (2) virus iso-
lation, or (3) specific immunoglobulin M (IgM) anti-
body detection by ELISA in (CSF) or serum, which 
is most feasible testing methodology than others. JE 
has no specific treatment at yet and the treatment is 
symptomatic and supportive. Vaccination of the pop-
ulation at risk is effective method for its prevention 
(Cecilia et al., 2009).

Although there are currently anti-JEV drugs availa-
ble today, attempts to develop new antiviral drugs is 
ongoing. For example, peptide-conjugated phospho-
rodiamidate morpholino oligomers (PPMOs) have 
recently been reported which are antisense agents tar-
geting the 3 cyclization sequence of JEV, they have 
been shown to significantly inhibit the replication of 
JEV in cells and in a mice model (Anantpadma et 
al., 2010). Other therapeutic agents, such as, siRNA 
(Kumar et al., 2006; Qi et al., 2008) and arctigenin 
(Swarup et al., 2008), especially NTZ (Shi et al., 2014) 
are all has distinct effect on against JEV infection in 
cells and animal model. NTZ is a licensed, safe drug 
for treating diarrhea due to Cryptosporidium and 
Giardia in adults and children and there have been 
no serious toxicities associated with short-term and 
long-term use of NTZ (Eugene et al., 2010). Thus, 
NTZ may be a promising candidate for use as an an-
ti-JEV therapeutic agent.

Control 

Vector control, and reduction of man-mosquito con-
tact, improving agricultural practices and vaccination 
are effective measures in the control of JE. Larvicides, 
insecticides, and ecofriendly methods could be used 
in controlling mosquitoes in paddy fields. Vaccinat-
ing pigs is also a role way to protect human from 
JEV infection in rural areas by breaking the mosqui-
to-pig-human transmission cycle. People, especially 
tourists are vaccinated against JEV, is considered to 
be the most effective control measure. Further, diag-
nostic facilities, surveillance system and for JEV con-
firmation should be strengthened in rural areas (Kant 
Upadhyay., 2013). Moreover, an earlier diagnosis of 
the disease and medical care is required for patients. 

Therefore, treatment strategies would be most impor-
tant before virus spreads into CNS.

Conclusion

JE, as a viral zoonotic disease, has been caused an 
increasing public health problem in the developing 
countries of the Asia-Pacific Region. Unfortunate-
ly, only a few of laboratories in developing countries 
actually focused on exploring JEV pathogenesis and 
anti-virus therapy. Maybe, it is the responsibility of 
the scientific communities all over the world, govern-
ments, and WHO to find drugs that could be provid-
ed to the patient infected by JEV (Ghosh and Basu., 
2009). We are hopeful that a effective therapeutic 
drug, such as chemotherapeutic agent or compounds 
isolated from various plants will soon be identified to 
abrogate JE diseases.
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