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ABSTRACT
Japanese encephalitis (JE) is primarily a disease of children and most adults in endemic countries have
natural immunity after childhood infection, but all age groups are affected. In most temperate areas of
Asia, JEV is transmitted mainly during the warm season, when large epidemics can occur. Only about
1 in 25 to 1 in 1000 humans infected with Japanese encephalitis virus develops clinical features of
infection. There is no known specific therapy for Japanese encephalitis. Our treatment was
symptomatic and supportive. In this review, we summarize the disease overview along with treatment
approach for development of new vaccines and drugs for disease management.
Keywords: - Flavivirus, Chloramphenicol, Mosquitos, Japanese encephalitis, haemagglutination.
INTRODUCTION
Japanese encephalitis (JE) is among the most

Culex tritaeniorrhynchus, which prefers to breed

important viral encephalitides in Asia, especially

in irrigated rice paddies. This mosquito species

in rural and sub-urban areas where rice culture

and members of the Cx. gelidus complex are

and pig farming coexist. It has also occurred

zoophilic. Wading ardeid water birds (e.g., herons

rarely and sporadically in northern Australia and

and egrets) serve as virus reservoirs, but the virus

parts of the Western Pacific [1, 2, 3]. It is a

regularly spills over into pigs, members of the

vector-borne viral disease. The disease can cause

family of equidae (e.g., horses and donkeys), and

irreversible neurologic damage. The JE virus

humans [4, 5]. Humans are generally thought to

(JEV) is mainly transmitted by the mosquito

be dead-end JEV hosts, i.e. they seldom develop
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enough viremia to infect feeding mosquitoes.
Less than 1% of human JEV infections result in
JE. Approximately 20–30% of JE cases are fatal
and 30–50% of survivors have significant
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neurologic sequelae. JE is primarily a disease of

or national incidence estimates and current

children and most adults in endemic countries

population data to produce an updated estimate of

have natural immunity after childhood infection,

the annual global incidence of JE.

but all age groups are affected. In most temperate

SIGN AND SYMOTOMS:

areas of Asia, JEV is transmitted mainly during

Most JEV infections are mild (fever and

the warm season, when large epidemics can

headache) or without apparent symptoms, but

occur. In the tropics and subtropics, transmission

approximately 1 in 250 infections results in

can occur year-round but often intensifies during

severe clinical illness. Severe disease is

the rainy season [1, 2, 3]. The annual number of

characterized by rapid onset of high fever,

human

the

headache, neck stiffness, disorientation, coma,

estimated global impact from JE in 2002 was

seizures, spastic paralysis and ultimately

709,000 disability- adjusted life years (DALYs)

death. The case-fatality rate can be as high as

[4, 5]. JE is reportable to the World Health

30% among those with disease symptoms. Of

Organization (WHO) by its Member States,

those

reporting is highly variable and incomplete. In the

permanent

late 1980s, Burke and Leake estimated that 50000

neurological problems such as paralysis,

new cases of JE occurred annually among the 2.4

recurrent seizures or the inability to speak

billion people living in the 16 Asian countries

[12].

considered endemic at the time (approximate

Vomiting from occasional to continuous was

overall annual incidence: 2 per 100000). In the

noted in 52.2% of the patients, severe diarrhea

intervening

in

deaths

is

two

10,000–15,000,

decades,

despite

and

major

who

8.2%,

survive,
intellectual,

and

deep

20%–30%

suffer

behavioural

ocular

pain

or

and

population growth, urbanization, changes in

photophobia in 31.3%. Diplopia, blurring of

agricultural practices and increased use of the JE

vision, and difficulty in focusing were

vaccine in many countries, this figure has been

complaints in only 14.2% of the patients [13-

widely quoted, including very recently [6-10]. In

17].

2000, assuming an annual, age-group-specific

EPIDEMIOLOGY:

incidence of 25 cases per 100000, Tsai estimated

Neurotropic

that in the absence of vaccination 175000 cases of

Perspective:

JE would occur annually among Asian children

Japanese encephalitis virus is transmitted between

aged 0–14 years living in rural areas [11]. The

animals by Culex mosquitoes and occurs across

flavi-viruses:

a

global

current study used more recent, published, local
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eastern and southern Asia and the Pacific region.
However, related neurotropic flaviviruses are
found across the globe. They share many
virological, epidemiological, and clinical features
[18]. Molecular virological studies suggest that
all flaviviruses derived from a common ancestor
some 10–20000 years ago, and are rapidly
evolving to fill ecological niches [19]. Examples
of mosquito

borne neurotropic

flaviviruses

include Murray Valley encephalitis virus in
Australia, and StLouis encephalitis virus in North
America. West Nile virus, a flavivirus found in
Africa, the Middle East and parts of Europe, is
traditionally associated with a syndrome of fever
arthralgia and rash, and with occasional nervous
system disease [20-22].

encephalitis

virus

is

transmitted

naturally between wild and domestic birds, and
pigs by Culex mosquitoes—the most important
for

human

infection

being

Culex

tritaeniorrhynchus which breeds in pools of
stagnant water (such as rice paddy fields) [23].
Although many animals can be infected with the
virus, only those which develop high viraemias
are important in the natural cycle. As well as
maintaining and amplifying Japanese encephalitis
virus in the environment, birds may also be
responsible for the spread to new geographical
areas.

Pigs are the most important natural host for
transmission to humans, because they are often
kept close to humans, have prolonged and high
viraemias, and produce many offspring—thus
providing a continuous supply of previously
uninfected new hosts. The virus does not

Enzootic cycle:
Japanese

Fig. 1: Enzootic cycle

typically cause encephalitis in these natural hosts,
athough abortions occur in pregnant sows.
Epidemiology of human disease:
Humans

become

infected

with

Japanese

encephalitis virus coincidentally when living or
travelling in close proximity to the enzootic cycle
of the virus. Although most cases occur in rural
areas, Japanese encephalitis virus is also found on
the edge of cities. Epidemiological studies have
shown that after the monsoon rains mosquitoes
breed prolifically, and as the numbers grow, so do
their carriage of Japanese encephalitis virus and
the infection rate of pigs [24, 25]. Human
infection soon follows. In sentinel studies,
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previously unexposed pigs placed in endemic

period of Japanese encephalitis virus at cooler

areas were infected with the virus within weeks.

temperature, which thus reduces the rate of virus

When epidemics first occur in new locations,

transmission, could be one explanation for these

such as in Sri Lanka, India, and Nepal, adults are

findings.

also

VIROLOGY:

affected

immunologically

[26].

The

Japanese encephalitis virus has a small (50 nm)

demonstrated by the incidence of Japanese

lipoprotein envelope surrounding a nucleocapsid

encephalitis among American troops during

comprising of core protein and 11 kb single

conflicts in Japan, Korea, and Vietnam [27-31].

stranded RNA (3800 kD). At least five genotypes

Broadly speaking two epidemiological patterns of

of Japanese encephalitis virus occur in Asia,

Japanese encephalitis are recognised [32].

which relate roughly to the geographical area of

In northern areas (northern Vietnam, northern

isolation

Thailand, Korea, Japan, Taiwan, China, Nepal,

sequence has been published, and includes 5' and

and northern India) huge epidemics occur during

3' un-translated regions, and a single open reading

the summer months, whereas in southern areas

frame encoding genes for three structural proteins

(southern Vietnam, southern Thailand, Indonesia,

(capsid protein (C); precursor to the membrane M

Malaysia, Philippines, Sri Lanka, and southern

protein (PrM); and envelope protein (E)) and

India) Japanese encephalitis tends to be endemic,

seven non-structural proteins. The search for

and cases occur sporadically throughout the year

genetic determinants of virulence in animal

with a peak after the start of the rainy season [32].

models of flavivirus encephalitis has focused on

Whereas rainfall patterns are almost identical in

the E protein [35]. This protein, of about 500

northern and southern Vietnam, the temperature

amino acids, is the major component of the

is very different, and the number of cases of

surface projections of the virion. As well as

encephalitis seems to follow temperature closely.

eliciting neutralising antibodies and protective

In the south, where the temperature remains high

immune in common responses in the host [36,

through the year, the number of cases each month

37], it is thought to be the cell receptor binding

is constant. In the north a sharp rise in cases of

protein and mediator of membrane fusion and cell

Japanese encephalitis during the summer months

entry [38]. A highly sulphated heparin sulphate

corresponds with a rise in temperature above

molecule has recently been identified as the

20ºC.

putative receptor of flavivirus cell entry [39].

prolonged

adults

was

of
also

The

naive

susceptibility

mosquito

larval

[33-34].

The

complete

nucleotide

development time and longer extrinsic incubation
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Various approaches have allowed E gene

hamster model of St Louis encephalitis virus (a

sequences of flaviviruses to be related to

related flavivirus) the olfactory route was shown

virulence in animal models. These suggest that

to be important [45]. Intranasal spraying is also

the E protein has a major role in determination of

an effective means of experimentally inoculating

virulence phenotype, and that single amino acid

monkeys [46]. However, immune-histochemical

substitutions are sufficient to cause loss of neuro

staining of human postmortem material has

virulence or neuro invasiveness [40-42]. Whether

shown diffuse infection throughout the brain,

such differences are important in determining the

indicating a haematogenous route of entry [47,

clinical presentation of Japanese encephalitis

48]. Although experimental evidence suggests

virus in humans is unknown.

that replication within endothelial cells may be an

PATHOPHYSIOLOGY:

important means of crossing the blood-brain

Only about 1 in 25 to 1 in 1000 humans infected

barrier

with Japanese encephalitis virus develops clinical

encephalitis virus passive transfer across the

features of infection [32, 43, 44]. These may

endothelial cells seems a more likely mechanism

range from a mild flu-like illness to a fatal

[49, 50]. Other factors which compromise the

meningo

factors

integrity of the blood-brain barrier have also been

determining which of all the humans infected

implicated as risk factors for neuro-invasion. In

develop disease are unknown, but could include

several studies a disproportionate number of fatal

viral factors such as route of entry, titre, and

cases had neuro cysticercosis at necropsy [51,

neuro virulence of the inoculum, and host factors

52]. It has also been suggested that head trauma

such as age, genetic makeup, general health, and

(for example, due to a road traffic accident)

pre-existing immunity. After the bite of an

during the transient viraemia could facilitate viral

infected mosquito, the virus is thought to amplify

entry into the CNS [53]. Electron microscopic

peripherally, causing a transient viraemia before

studies of the brains of infected mice show that

invading the CNS. Based on data from mice and

the virus replicates in the rough endoplasmic

macaque

reticulum

encephalomyelitis.

monkeys,

the

site

The

of

peripheral

in some

and

flaviviruses,

golgi

for

apparatus.

Japanese

There

is

amplification is thought to be dermal tissue and

hypertrophy of the endoplasmic reticulum and

then lymph nodes. The means by which Japanese

degeneration

encephalitis virus crosses the blood-brain barrier

extensive dysfunction.

into

cyctic

structures

causing

is unknown. In experimental studies with a
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morphologically normal neurons [48, 57]. This

HISTOPATHOLOGY:
At

necropsy,

CNS

findings

in

Japanese

may explain the normal CSF findings in a

encephalitis reflect the inflammatory response to

proportion of patients with Japanese encephalitis.

widespread neuronal infection with virus [48, 54,

TREATMENT APPRROACH:

55]. The leptomeninges are normal or hazy. The

There is no known specific therapy for Japanese

brain parenchyma is congested with focal

encephalitis. Our treatment was symptomatic and

petechiae or haemorrhage in the grey matter.

supportive. The headache was managed with

When survival is prolonged beyond 7 days

aspirin and codeine, while occasionally caffeine

blotchy necrolytic zones are seen. The white

administered hypodermically seemed to give

matter usually appears normal. In some patients,

some relief. Procaine penicillinin oil, 300,000

the grey matter of the spinal cord is confluently

units daily, was administered routinely to combat

discoloured, resembling that of poliomyelitis

the secondary bronchitis and bronchopneumonia

[56]. The thalamus, basal ganglia, and midbrain

that appeared in the seriously ill patients. Fluid

are

anatomical

and electrolyte balance was maintained with

correlates for the tremor and dystonias which

intravenously administered fluids, whole blood,

characterise Japanese encephalitis.

and vitamin supplements. The basic principles of

At the histological level, invasion of neurons by

nursing care were thoroughly exercised.

heavily

affected,

providing

Japanese encephalitis virus is followed by
perivascular cuffing, infiltration of inflammatory
cells (T cells and macrophages) into the
parenchyma, and phagocytosis of infected cells
[48, 54]. T cells in the brains of fatal cases
stained with monoclonal antibodies are CD8+ and
CD8- (presumed to be CD4+) and are localised at
the perivascular cuff. Both cell types are found in
the

CSF

in

acute

infection,

though

the

predominant cell type is CD4+ [48].
In patients that die rapidly, there may be no

Fig. 2: Japanese encephalitis medication

histological signs of inflammation, but immunehistochemical studies disclose viral antigen in

Chloramphenicol (chloromycetin®), 2 gm. at the
start and 500 mg. every six hours, was given to a
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limited number of patients who could take

mouse brain and the other from primary baby

medication orally. No apparent effect was noted.

hamster kidney cells. The mouse brain vaccine is

Since the supply of this drug was limited, it had

highly purified, well-defined and has been

to be discontinued before a thorough evaluation

adapted for production in several countries (Table

was accomplished. Because of the variable

3). JE virus strains appear to be clustered into two

severity of Japanese encephalitis, it would be

antigenic groups. The inclusion of one strain from

difficult to say whether any improvement resulted

each antigenic group (Nakayama and Beijing) in

from the use of this antibiotic.

the vaccine has improved its potency. In China,

Animal vaccines:-

killed monovalent JE vaccine has been produced

Live attenuated JE vaccine has been developed in

using

Japan primarily for immunization of pigs to

approximately 70 million children are immunized

prevent still births. In China, live vaccine

with this vaccine every year. The published data

prepared in primary baby hamster kidney cell

in China on killed vaccine indicates that the

culture has been used for vaccination of horses. In

vaccine is efficacious and safe when applied to

the Republic of Korea live attenuated JE vaccine

people. In Japan and the Republic of Korea,

using baby hamster kidney cells has also been

killed monovalent JE vaccine prepared from

developed and used for the vaccination of pigs.

infected mouse brain tissue has been produced

Immunization of pigs may be attempted to control

and used for large-scale vaccination of people.

JE epidemics because it has been established that

Bivalent killed JE vaccine has also been

these animals, after vaccination with the live

developed in Japan. In Viet Nam, killed JE

vaccine, showed no viraemia on exposure to

vaccine prepared from infected mouse brain

infected mosquitos. The immunized pigs must

tissue has been produced on a small scale. The

have therefore been unable to "amplify" the virus

Government of India decided in 1982 that freeze-

transmission. However, all investigators engaged

dried mouse brain vaccine should be produced

in this project

effective

with Japanese collaboration during the period

immunization was not easy because of the high

1982-86, so that 2 million doses of vaccine will

turnover in the pig population so that individual

be available by 1986. Selection of the target

pigs might escape being immunized.

human population for this vaccination will be

Human vaccines:-

done after completion of morbidity studies. The

(a) Inactivated vaccines. At present two types of

development of a JE vaccination strategy in India

pointed out that

baby

hamster

kidney

cell

culture;

inactivated vaccine are in use, one derived from
International Journal of Pharmaceutical Technology and Biotechnology
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needs careful consideration before it can be

mentioned, in both countries pigs have been

implemented.

immunized with killed vaccine or live attenuated

(b) Live vaccines. In China, an experimental live

vaccine. In China, Japan, the Republic of Korea,

attenuated JE vaccine using primary baby

and Viet Nam, monitoring of outbreaks and

hamster kidney cell culture has been developed

control of vector mosquitos have been regularly

and has undergone extensive fieldtrials in people.

conducted.

Further studies to characterize candidate strains

tritaeniorhyncus, an important vector mosquito of

are needed. Immunization provides a reasonable

JE virus in Asia, emerges mainly from the

and

irrigation water of rice paddy fields covering vast

practical

encephalitis,

way

selection

Japanese

populations may present a problem in countries

areas for vector control purposes is not practical.

where JE outbreaks cannot be clearly defined in

One of the main problems is therefore the

terms of places of infection and affected age

integration of JE vector control measures at the

groups. However, immunization is recommended

national level with existing measures to control

for protecting populations where JE virus attacks

other infectious diseases, together with the

are highly probable. Monitoring of JE activity

primary health care approach.

will help to identify populations at risk of

References

exposure who can then be given a booster

1. Halstead SB, Jacobson J. Japanese encephalitis

immunization.

vaccines. In: Plotkin SA, Orenstein WA, Offit

It should be mentioned that JE vaccine is not

PA, editors. Vaccines. 5th ed. Philadelphia:

always available because the cost of commercial

Elsevier; 2008. pp. 311-52.

vaccines is still too high for use in large-scale

2. Burke DS, Leake CJ. Japanese encephalitis. In:

vaccination. Work on the development of second

Monath

generation (genetically engineered) vaccines is in

epidemiology and ecology, Vol. 3. Boca Raton:

progress.

CRC Press; 1988. pp. 63-92.
control

of

of

Culex

areas, the application of insecticides to these

and

the

control

since

target

Monitoring

but

to

However,

vector

and

TP,

editor.

The

arboviruses:

3. Fischer M, Lindsey N, Staples JE, Hills S;

amplifier of JE virus:

Centers for Disease Control and Prevention

Monitoring the spread of JE virus in pigs by

(CDC).

measuring

recommendations of the Advisory Committee on

the

antibody

titre

by

Japanese

encephalitis

vaccines:

haemagglutination inhibition has been conducted
in Japan and the Republic of Korea. As already
International Journal of Pharmaceutical Technology and Biotechnology

8

Available Online at www.ijptb.com

Singh K. et al. Int. J. Pharm. Tech. Biotech. 2018; 5(1):01-12

Immunization Practices (ACIP). MMWR Recomm

a WHO/CVI meeting, Bangkok, Thailand, 13–15

Rep 2010;59(RR-1):1–27.

October 1998. Vaccine 2000;18(Suppl 2):1–25.

4. Solomon T. Control of Japanese encephalitis—

12. Who.net

within our grasp?. New England Journal of

13. Rivers, T. M.: Viral and Rickettsial Infections

Medicine. 2006 Aug 31;355(9):869-71.

of Man, Philadelphia, J. B. Lippincott Company,

5. World Health Organization. World health

1948, pp. 175-180.

report. (for years 2000–2004) [cited 2008 Oct

14.

14].

Encephalitis:

6.

World

encephalitis

Health

Organization.

vaccines.

Wkly

Japanese

Epidemiol

Rec

Lewis,

L.,

and

Clinical

others:

Japanese

Observations

in

B
an

Outbreak on Okinawa Shima, Arch. Neurol. &
Psychiat. 57: 430-463 (April) 1947.

2006;81:331–40.

15. Sabin, A. B.; Schlesinger, R. W.; Ginder, D.

7. Solomon T. Control of Japanese encephalitis–

R., and Matumoto, M.: Japanese B Encephalitis

within our grasp? N Engl J Med 2006;355:869–

in American Soldiers in Korea, Am. J. Hyg. 46:

71. doi:10.1056/NEJMp058263 PMID:16943399

356-375 (Nov.) 1947.

8. Erlanger TE, Weiss S, Keiser J, Utzinger J,

16. Hullinghorst, R. L.; Burns, K. F.; Choi, Y. T.,

Wiedenmayer K. Past, present, and future of

and Whatley, L. R.: Japanese B Encephalitis in

Japanese

Korea: The Epidemic of 1949, J. A. M. A.

encephalitis.

Emerg

Infect

Dis

2009;15:1–7. doi:10.3201/eid1501.080311

145:460-466 (Feb. 17) 1951.

9. Konishi E, Kitai Y, Tabei Y, Nishimura K,

17. Annual Report, 406th Medical General

Harada S. Natural Japanese encephalitis virus

Laboratory, Japan, 1948.

infection among humans in west and east Japan

18. Solomon T. Viral encephalitis in south east

shows the need to continue a vaccination

Asia. Neurological Infections and Epidemiology

program. Vaccine 2010;28:2664–70.

1997;2:191–9.

10. Xufang Y, Huanyu W, Shihong F, Xiaoyan G,

19. Gould EA, Zanotto PM, Holmes EC. The

Shuye Z, Chunting L et al. Etiological spectrum

genetic evolution of flaviviruses. Saluzzo JF,

of clinically diagnosed Japanese encephalitis

Dodet B, eds. Factors in the emergence of

cases reported in Guizhou Province, China, in

arbovirus diseases. Paris: Elselvier, 1997:51–63.

2006. J Clin Microbiol 2010;48:1343–9.

20. Tsai TF, Popovici F, Carnescu C, et al. West

11. Tsai TF. New initiatives for the control of

Nile

Japanese encephalitis by vaccination: minutes of

Romania. Lancet 1998;352:767–71.

encephalitis

epidemic

International Journal of Pharmaceutical Technology and Biotechnology

in

southeastern

9

Available Online at www.ijptb.com

Singh K. et al. Int. J. Pharm. Tech. Biotech. 2018; 5(1):01-12

21. Anonymous. Outbeak of West Nile-like viral

30. Richter RW, Shimojyo S. Neurologic

encephalitis:

sequelae of Japanese B encephalitis. Neurology

New

York,

1999.

MMWR

1999;48:845–49.

1961;11:553–9.

22. Briese T, Jia X-Y, Huang C, Grady LJ, et al.

31. Ketel WB, Ognibene AJ. Japanese B

Indentification

encephalitis

of

a

Kunjin/West

Nile-like

in

Vietnam.

Am

J

Med

Sci

flavivirus in brains of patients with New York

1971;261:271–9.

encephalitis. Lancet 1999;354:1261–2.

32. Vaughn DW, Hoke CH. The epidemiology of

23.

Japanese encephalitis: prospects for prevention.

Innis BL. Japanese encephalitis. In:

Porterfield JS, ed. Exotic viral infections.

Epidemiol Rev 1992; 14:197–221.

London: Chapman and Hall, 1995:147–74.

33. Chen WR, Tesh RB, Ricco-Hesse R. Genetic

24. Buescher EL, Schere WF. Ecological studies

variation of Japanese encephalitis virus in nature.

of

J Gen Virol 1990;71: 2915–22.

Japanese

encephaltiis

in

Japan.

IX.

Epidemiological correlations and conclusions. Am

34. Chen WR, Ricco-Hesse R, Tesh RB. A new

J Trop Med Hyg 1959;8:719–22.

genotype of Japanese virus from Indonesia. Am J

25. Peiris JSM, Amerasinghe FP, Amerasinghe

Trop Med 1992;47:61–9.

PH, et al. Japanese encephalitis in Sri Lanka: the

35.

study of an epidemic: vector incrimination,

virulence of theencephalitogenic flaviviruses. J

porcine infection, and human disease. Trans R

Gen Virol 1997;78:2711–22.

Soc Trop Med Hyg 1992;86:307–13.

36.

26. Umenai T, Krzysko R, Bektimorov TA, et al.

glycoproteins. Adv Virus Res 1986;31:103–68.

McMinn PC. The molecular basis of

Heinz FX. Epitope mapping of flavivirus

Japanese encephalitis: current worldwide status.
Bull World Health Organ 1985;63:625–31.

37. Mason PW, Pincus S, Fournier MJ, et al.

27. Sabin AB. Epidemic encephalitis in military

Japanese

personnel. JAMA 1947;13:281–93.

recombinants produce particulate forms of the

28. Dickerson RB, Newton JR, Hansen JE.

structural proteins and induce high levels of

Diagnosis and immediate prognosis of Japanese

protection against lethal JEV infection. Virology

B encephalitis. Am J Med 1952;12:277–88.

1991;180:294–305.

29. Lincoln AF, Silvertson SE. Acute phase of

38.

Japanese B encephalitis. Two hundred and one

Fields BN, Knipe DM, Howley M, eds. Fields

cases in American soldiers, Korea 1950. JAMA

virology. 3rd ed. Philadelphia: Lippincott-Raven,

1952;150:268–73.

1996:961–1034.

encephalitis

virus-vaccinia

Monath TP, Heinz FX. Flaviviruses. In:

International Journal of Pharmaceutical Technology and Biotechnology

10

Available Online at www.ijptb.com

39.

Singh K. et al. Int. J. Pharm. Tech. Biotech. 2018; 5(1):01-12

Chen Y,Maguire T, Hileman RE, et al.

rhesus macaques inoculated intranasally with JE

Dengue virus infectivity depends on envelope

virus. Am J Trop Med Hyg 1994;51(suppl): 274.

protein binding to target cell heparan sulphate.

47. Desai A, Shankar SK, Ravi V, et al. Japanese

Nature Med 1997;3:866–71.

encephalitis virus antigen in the brain and its

40. Cecilia D, Gould EA. Nucleotide changes

topographical distribution. Acta Neuropathol

respsonsible for loss of neuroinvasiveness in

1995;89:368–73.

Japanese

48. Johnson RT, Burke DS, Elwell M, et al.

encephalitis

virus

neutralisation-

resistant mice. Virology 1991;181:70–7.

Japanese

41. Hasegawa H, Yoshida M, Shiosaka T, et

studies of viral antigen and inflammatory cells in

al.Mutations in the envelope protein of Japanese

fatal cases. Ann Neurol 1985;18: 567–73.

encephalitis virus affect entryinto cultured cells

49. Dropulie B, Masters CL. Entry of neurotropic

and virulence in mice. Virology 1992;191:158–

arboviruses into the central nervous system: an in

65.

vitro study using mouse brain endothelium. J

42. Ni H, Barrett ADT. Molecular differences

Infect Dis 1990;161:685–91.

between wild-type Japanese encephalitis virus

50. Liou M-L, Hsu C-Y. Japanese encephalitis

strains of high and low mouse neuroinvasiveness.

virus is transported across the cerebral blood

J Gen Virol 1996;77:1449–55

vessels by endocytosis in mouse brain. Cell

43. Halstead SB, Grosz CR. Subclinical Japanese

Tissue Res 1998;293:389–94.

encephalitis. I. Infection of Americans with

51. Liu YF, Teng CL, Liu K. Cerebral

limited

cysticercosis as a factor aggravating Japanese B

residence

in

Korea.

Am

J

Hyg

encephalitis:

immunocytochemical

1962;75:190–201.

encephalitis. Chinese Med J 1957;75:1010.

44. Huang CH. Studies of Japanese encephalitis

52. Shankar SK, Rao TV, Mruthyunjayana BP, et

in China. Adv Virus Res 1982;27:71–101.

al. Autopsy study of brains during an epidemic of

45. Monath TP, Cropp CP, Harrison AK. Mode

Japanese encephalitis in Karnataka. Indian J Med

of entry of a neurotropic virus into the central

Res 1983;78:431–41.

nervous system. Reinvestigation of an old

53. Shiraki H. Encephalitis due to arboviruses:

controversy. Lab Invest 1983;48:399–410.

Japanese encephalitis. In: Celers RDaJH, ed.

46. Myint KSA, Raengsakulrach B, Young GD,

Clinical

et al. Immunocytochemical detection of Japanese

management

encephalitis (JE) virus antigen in the CNS of

Philadelphia, PA:WB Saunders, 1970:155–75.

virology:
of

the
human

International Journal of Pharmaceutical Technology and Biotechnology

evaluation
viral

and

infections.

11

Available Online at www.ijptb.com

Singh K. et al. Int. J. Pharm. Tech. Biotech. 2018; 5(1):01-12

54. Miyake M. The pathology of Japanese
encephalitis.

Bull

World

Health

Organ

1964;30:153–60.
55. Zimmerman HM. The pathology of Japanese
B encephalitis. Am J Pathol 1946;22:965 91.
56.

HaymakerW, Sabin AB. Topographic

distribution of lesions in central nervous system
in Japanese B encephalitis. Nature of the lesions
with report of a case on Okinawa. Arch Neurol
Psychiatry 1947;57:673–92.
57.

Li

ZS,

Hong

SF,

Gong

NL.

Immunohistochemical study of Japanese B
encephalitis. Chin Med J (Engl) 1988;101:768–
71.

International Journal of Pharmaceutical Technology and Biotechnology

12

