
For most people, the first time they have ever heard of Japanese encephalitis (JE) is when visiting a travel

clinic in preparation for a trip to Asia. They are then faced with the seemingly impossible decision of

whether to spend money on a vaccine that has a rather bad reputation or to risk developing the disease,

which would be much worse.1 Many of the physicians that have to advise them feel ill equipped to do so.

From a Western perspective, JE is considered a rare and exotic disease, but for those living and working in

southern and eastern Asia, JE is a daily reality. Although confined to this region, the arthropod-borne JE

virus (JEV) is numerically one of the most important causes of viral encephalitis worldwide, with an esti-

mated 50,000 cases and 15,000 deaths annually.2,3 In addition to the large number of deaths, approximately

half the survivors of JE have severe neuropsychiatric sequelae, imposing a large socioeconomic burden on

the community. Yet, ironically, this is a disease for which several safe and effective vaccines exist, and newer

ones are in development. A safe and effective formalin-inactivated vaccine has been available for nearly 

40 years, but production difficulties and its cost have restricted its usage in Asia to wealthier countries,

whereas its use by Western travelers is limited by concerns over side effects. In the absence of robust

epidemiologic data, vaccination practices have at times fluctuated according to highly publicized cases of

JE in travelers or of adverse events related to vaccination. A newer live attenuated vaccine, developed by

the Chinese, is cheaper to produce, but its uptake outside China has been limited by regulatory issues and

concerns over its production. In recent years, the application of molecular biologic approaches have helped

elucidate the structure of flaviviruses, giving insights into viral pathogenesis and have allowed development

of newer recombinant vaccines.

Sadly, some remarkable achievements in vaccinology have not always been matched by equal vigor in

public health policy and implementation, and the disease continues to grow in importance globally. This

chapter reviews the epidemiology, clinical features, and pathogenesis of JE and then focuses on the 

formalin-inactivated mouse brain–derived (BIKEN) vaccine, which is available to travelers, before briefly

considering some of the other vaccines used in Asia as well as newer vaccines in development.

HISTORIC PERSPECTIVE

Epidemics of encephalitis were described in Japan from the 1870s onward, with major epidemics

approximately every 10 years. In September 1923, Japan suffered a large earthquake, and in the follow-

ing summer, which was particularly dry, one of the largest encephalitis outbreaks occurred, with 6,551

cases in 6 months and a 55% case fatality rate.4–7 The term type B encephalitis was originally used to

distinguish these summer epidemics from von Economo’s encephalitis lethargica (“sleeping sickness,”
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known as type A), but the B has since been dropped. In 1933, a filterable agent was transmitted from

the brain of a fatal case and caused encephalitis in monkeys. The prototype Nakayama strain of JEV was

isolated from the brain of a fatal case in 1935, and the disease has been recognized across Asia since 

then (Figure 10-1).8 The virus was later shown to be a member of the genus Flavivirus (family

Flaviviridae), named after the prototype yellow fever virus (L flavus yellow). Although of no taxonomic

significance, the ecologic term arbovirus (“arthropod-borne virus”) is used to describe the fact that 

JEV is one of more than 500 viruses transmitted between vertebrate hosts by arthropods (insects, ticks,

sand flies, and biting midges).9

INFECTIOUS AGENT

Flaviviruses

The Flavivirus genus is one of three genera in the family Flaviviridae. The other two are the genus

Hepacivirus, which includes hepatitis C virus, and the genus Pestivirus, which includes bovine viral

diarrhea viruses. The Flavivirus genus contains approximately 70 members and includes many important
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Figure 10-1. Current distribution of Japanese encephalitis. The approximate dates of the first major outbreaks or first virus

isolations since epidemics of encephalitis were first described in Japan in the 1870s are shown. Adapted from Solomon T.8



causes of human disease (Table 10-1).10,11 Flaviviruses are thought to have evolved from a common

ancestor as recently as 10,000 years ago and are rapidly evolving to fill new ecologic niches.12,13 Within

the genus, the JE serogroup contains JEV, West Nile virus, St. Louis encephalitis virus, and Murray Valley

encephalitis virus.14,15 Other flaviviruses that cause hemorrhagic fever include yellow fever virus (see

Chapter 5,“Yellow Fever Vaccine”) and dengue viruses (see Chapter 13,“Dengue Fever Vaccine”). Dengue

viruses are endemic in much of Asia and are serologically cross-reactive with JEV, which has implications

for diagnosis and pathogenesis. Additional flaviviruses circulating in Asia include Tembusu in Thailand

and Langat in Malaysia, but these do not appear to be important causes of disease.

Structure and Replication Strategy

Flaviviruses consist of a single strand of positive-sense ribonucleic acid (RNA) wrapped in a nucleocapsid

and surrounded by a glycoprotein-containing envelope. The RNA comprises a short 5′ untranslated

region (UTR), a longer 3′ UTR, and between them a single open reading frame.16 This codes for a 

single polyprotein, which is co- and post-translationally cleaved by viral and host proteases into three

structural proteins (core or C; premembrane or PrM; and envelope or E) and seven nonstructural (NS)
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Table 10-1. Medically Important Flaviviruses

Main Clinical Main
Virus Syndromes* Main Vectors Natural Hosts Geographic Area

Mosquito-borne viruses

Japanese encephalitis CNS Culex tritaeniorhyncus Waterfowl (egrets, herons), Asian subcontinent,
and others chickens, pigs Southeast Asia,

Pacific Rim

West Nile FAR, CNS Culex pipiens and Passeriform birds (jays, Africa, Middle East,
others blackbirds, sparrows, crows) southern Europe,

North America

St. Louis encephalitis CNS Culex pipiens, C. tarsalis, Passeriform birds (pigeons, North and South
C. nigripalpus sparrows) America

Murray Valley CNS Culex annulirostris Waterfowl, rabbits, New Guinea,
encephalitis marsupials Australia

Dengue (serotypes 1–4) FAR, HF Aedes aegypti, Humans, (macaque monkeys Most countries in 
A. albopictus in Africa) the tropics

Yellow fever Hepatitis, HF Aedes and other species Primates (monkeys, South America,
chimpanzees, baboons), Africa
humans

Tick-borne viruses

Tick-borne encephalitis CNS Ixodes spp† Forest rodents (mice, Commonwealth of
hedgehogs) Soviet States

Omsk hemorrhagic fever HF Dermacentor spp Rodents (muskrats, voles) Siberia

Kyasanur forest HF Haemaphysalis spp Rodents, birds, bats, Karnataka State,
disease virus monkeys India

Adapted from Solomon T and Mallewa MJ.11

*CNS = central nervous system infection; FAR = fever arthralgia rash syndrome; HF = hemorrhagic fever.
†Tick-borne encephalitis virus is also transmitted via infected milk.



proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5). The C protein is highly basic and combines 

with the RNA to form the nucleocapsid. The PrM is closely associated with the E protein, forming a 

heterodimer, and is thought to act as a “chaperone” to it, impairing its function until after virion release.

Immediately prior to virion release, the PrM protein is cleaved by a furin-like protease to its mature 

M protein form. This allows the formation of E protein homodimers, which are thus activated.17 The 

E protein is the largest structural protein, consisting of nearly 500 amino acids with up two potential 

gylcosylation sites. It is the major target for the humoral immune response and is thought to be impor-

tant in viral entry into host cells. The flavivirus receptor has yet to be identified, but a highly sulphated

heparan sulphate molecule might contribute to receptor binding.18,19 Studies with monoclonal anti-

bodies and, more recently, x-ray crystallography have determined the composition of the E protein’s

three domains.20,21 Domain III is the putative receptor-binding domain (by which virions attach to the

yet-to-be-identified host cell receptor), domain II is the dimerization domain, and domain I has a 

central beta barrel and is the hinge domain that links the other two. Following viral attachment to the

cell surface, flaviviruses enter cells by endocytosis. Subsequent fusion of the virus’s lipid membrane with

the endosome membrane allows viral RNA to penetrate into the cytoplasm of the infected cell.16 Recent

cryoelectron microscopy studies have shown an arrangement of 90 E protein dimers lying flat on the 

surface of the virion that rearrange to form E homodimers as the pH drops, exposing an internal fusion

peptide and a patch of viral membrane for fusion. Interestingly, recent studies have shown that the 

E1 protein of alphaviruses has a striking similarity to the flavivirus E protein in terms of structure and

function.22 Together, they have been labeled class II fusion peptides.23

Prototypes and Genotypes of Japanese Encephalitis Virus

Soon after the identification of the prototype Nakayama JEV strain, other strains were isolated that have

proved to be important in the history of vaccine development. Beijing-1 was isolated in the People’s

Republic of China (referred to hereafter as China) in 1949 and P3 soon after in 1950. (At this time, the

capital of China was known as Peking—hence the letter P.) In 1982, the Chinese isolated strain SA14, from

which the live attenuated vaccine strain (SA14-14-2) would ultimately be derived. JaOARS982 was isolated

by the Japanese in 1982 and became important as the first fully sequenced strain.

Comparisons of virus strains by serologic cross-reactivity, and later by the use of monoclonal anti-

bodies, suggested that viruses could be grouped according to antigenic differences.24,25 Based on limited

nucleotide sequencing of the PrM and E genes, four genotypes of virus were identified (differentiated by

at least 12% divergence), which roughly correlated with the antigenic groupings, though a single isolate

might represent a putative fifth genotype.25–28 The different genotypes are not evenly distributed across

Asia. Because genotypes I and III were found mainly in northern areas where JE occurs in large summer

epidemics and II and IV were found in southern endemic areas, it was postulated that the different geno-

types were responsible for the different epidemiologic patterns.26,27,29 However, recent, more detailed

studies have shown that all genotypes of JEV are found in the Indonesia-Malaysia region, but in other parts

of Asia only the less divergent, more recently evolved genotypes (I, II, and III) are found.30 These findings

suggest that the virus arose from its flavivirus ancestor in the Indonesia-Malaysia region and evolved here

into the different genotypes, only the more recent of which have spread to new geographic areas.8,31 It has

been suggested that differences between the genotypes could have implications for vaccine development,

but there are few data to support this (see below).
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EPIDEMIOLOGY

Enzootic Cycle

JEV is transmitted naturally in an enzootic cycle between birds, pigs, and other vertebrate hosts by

mosquitoes, especially Culex tritaeniorhyncus, Culex vishnui, Culex pseudovishnui, Culex gelidus, and

other species that breed in pools of stagnant water (such as rice paddies) (Figure 10-2). Although many

animals can be infected with JEV, only those with high viremias are important for the natural cycle. Birds

are thought to be important in maintaining and amplifying JEV in the environment, and migrating birds,

particularly the black-crowned night heron (Nycticorax nycticorax) and the Asiatic cattle egret (Bubulcus

ibis coromandus), are thought to be important in the virus’s dispersal to new geographic areas.32,33 In

addition, windblown mosquitoes might have a role.34 The means by which JEV overwinters (ie, survives 

the winter months when there is little mosquito activity) is not certain. The virus can be transmitted

vertically from an infected female into her eggs, and overwintering in the eggs of Aedes mosquitoes might 

be one mechanism.35 In many parts of Asia, pigs are kept close to the home, and they thus serve as impor-

tant bridging hosts, bringing the virus close to humans. In Indonesia, the lower prevalence of the antibody

to JEV in Borneo than in neighboring Bali has been attributed to the near-absence of swine in the pre-

dominantly Muslim culture.36 Whereas the virus does not normally cause encephalitis in birds or pigs,

it can cause pregnant sows to abort, and it also causes encephalitis in horses.

Geographic Distribution

In the past 50 years, the geographic area affected by JEV has expanded (see Figure 10-1; Table 10-2).37,38

Differences in diagnostic capabilities and in reporting of encephalitis make it impossible to plot this

expansion precisely. However, the timing of the first reported cases or new epidemics in each area gives

an impression of the relentless spread of JE. In China, outbreaks of summer encephalitis occurred from

1935, and the virus was first isolated there in 1940; there are currently 10,000 to 20,000 cases per year,

though in the early 1970s there were more than 80,000 cases annually.39 In the far eastern states of

the former Soviet Union, JE first occurred in 1938. In 1949, large epidemics of JE were reported from
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Natural cycle Amplifying cycle Humans

Figure 10-2. The transmission cycle of Japanese encephalitis virus. The virus is transmitted naturally between aquatic birds by

Culex mosquitoes; during the rainy season, when there is an increase in the number of mosquitoes, the virus “overflows” into pigs

and other domestic animals and then into humans, who do not transmit the virus further (dead-end hosts).



224 T R AV E L E R S ’  VA C C I N E S

Ta
bl

e 
10

-2
.

R
is

k 
of

Ja
p

an
es

e 
E

n
ce

p
h

al
it

is
 b

y 
C

ou
n

tr
y

C
ou

n
tr

y
A

ff
ec

te
d 

A
re

as
Tr

an
sm

is
si

on
 S

ea
so

n
C

om
m

en
ts

A
u

st
ra

li
a

Is
la

n
d

s 
of

To
rr

es
 S

tr
ai

t
P

ro
ba

bl
y 

ye
ar

-r
ou

n
d

 t
ra

n
sm

is
si

on
 r

is
k

L
oc

al
iz

ed
 o

u
tb

re
ak

 in
 T

or
re

s 
St

ra
it

 in
 1

99
5 

an
d

sp
or

ad
ic

 c
as

es
 in

 1
99

8 
in

 T
or

re
s 

St
ra

it
 a

n
d

 o
n

m
ai

n
la

n
d

 A
u

st
ra

li
a 

at
 C

ap
e 

Yo
rk

 P
en

in
su

la

B
an

gl
ad

es
h

L
it

tl
e 

d
at

a 
bu

t 
p

ro
ba

bl
y 

w
id

es
p

re
ad

Po
ss

ib
ly

 J
u

ly
 t

o 
D

ec
em

be
r 

as
 in

 n
or

th
er

n
 I

n
d

ia
O

u
tb

re
ak

 r
ep

or
te

d
 f

ro
m

 T
an

ga
il

 D
is

tr
ic

t,
D

h
ak

a
D

iv
is

io
n

;s
p

or
ad

ic
 c

as
es

 in
 R

aj
sh

ah
i D

iv
is

io
n

B
h

u
ta

n
N

o 
d

at
a

N
o 

d
at

a
N

o 
co

m
m

en
ts

B
ru

n
ei

P
re

su
m

ed
 t

o 
be

 s
p

or
ad

ic
-e

n
d

em
ic

P
re

su
m

ed
 y

ea
r-

ro
u

n
d

 t
ra

n
sm

is
si

on
N

o 
co

m
m

en
ts

as
 in

 M
al

ay
si

a

B
u

rm
a

P
re

su
m

ed
 t

o 
be

 e
n

d
em

ic
-h

yp
er

en
d

em
ic

P
re

su
m

ed
 t

o 
be

 M
ay

 t
o 

O
ct

ob
er

R
ep

ea
te

d
 o

u
tb

re
ak

s 
in

 S
h

an
 S

ta
te

 in
 C

h
ia

n
g 

M
ai

(M
ya

n
m

ar
)

co
u

n
tr

yw
id

e
va

lle
y

C
am

bo
d

ia
P

re
su

m
ed

 t
o 

be
 e

n
d

em
ic

-h
yp

er
en

d
em

ic
P

re
su

m
ed

 t
o 

be
 M

ay
 t

o 
O

ct
ob

er
C

as
es

 r
ep

or
te

d
 f

ro
m

 r
ef

u
ge

e 
ca

m
p

s 
on

 T
h

ai
 b

or
d

er
co

u
n

tr
yw

id
e

an
d

 f
ro

m
 P

h
n

om
 P

en
h

In
d

ia
R

ep
or

te
d

 c
as

es
 f

ro
m

 a
ll 

st
at

es
 a

n
d

 u
n

io
n

So
u

th
 I

n
d

ia
,M

ay
 t

o 
O

ct
ob

er
 in

 G
o

a,
O

ct
ob

er
 t

o
O

u
tb

re
ak

s 
in

 A
n

d
h

ra
 P

ra
d

es
h

,A
ss

am
,w

es
te

rn
 B

en
ga

l,
te

rr
it

or
ie

s 
ex

ce
p

t 
A

ru
n

ac
h

al
 P

ra
d

es
h

,D
ad

ra
,

Ja
n

u
ar

y 
in

 T
am

il
 N

ad
u

,a
n

d
 A

u
gu

st
 t

o 
D

ec
em

be
r 

in
B

ih
ar

,G
o

a,
K

ar
n

at
ak

a,
M

an
ip

u
r,

Ta
m

il
 N

ad
u

,a
n

d
D

am
an

,D
iu

,G
u

ja
ra

t,
H

im
ac

h
al

,J
am

m
u

,
K

ar
n

at
ak

a,
se

co
n

d
 p

ea
k 

A
p

ri
l t

o 
Ju

n
e 

in
 M

an
d

hy
a

U
tt

ar
 P

ra
d

es
h

;u
rb

an
 c

as
es

 r
ep

or
te

d
 (

eg
,i

n
 L

u
ch

n
ow

)
K

as
h

m
ir

,L
ak

sh
ad

w
ee

p,
M

eg
h

al
ay

a,
N

ag
ar

 H
av

el
i,

P
ra

d
es

h
 D

is
tr

ic
t;

A
n

d
h

ra
 P

ra
d

es
h

,S
ep

te
m

be
r 

to
O

ri
ss

a,
P

u
n

ja
b,

R
aj

as
th

an
,a

n
d

 S
ik

ki
m

D
ec

em
be

r;
n

or
th

er
n

 I
n

d
ia

,J
u

ly
 t

o 
D

ec
em

be
r

In
d

on
es

ia
B

al
i,

Ir
ia

n
 J

ay
a 

(P
ap

u
a)

,K
al

im
an

ta
n

,L
om

bo
k,

P
ro

ba
bl

y 
ye

ar
-r

ou
n

d
 r

is
k;

va
ri

es
 b

y 
is

la
n

d
;

H
u

m
an

 c
as

es
 r

ec
og

n
iz

ed
 o

n
 B

al
i,

Ja
va

,a
n

d
 p

os
si

bl
y

M
ol

u
cc

as
,N

u
sa

 T
en

gg
ar

a,
an

d
 S

u
la

w
es

i
p

ea
k 

ri
sk

s 
as

so
ci

at
ed

 w
it

h
 r

ai
n

fa
ll,

ri
ce

 c
u

lt
iv

at
io

n
,

in
 L

om
bo

k
an

d
 p

re
se

n
ce

 o
f

p
ig

s;
p

ea
k 

p
er

io
d

s 
of

ri
sk

 N
ov

em
be

r
to

 M
ar

ch
,a

ls
o 

Ju
n

e 
an

d
 J

u
ly

 in
 s

om
e 

ye
ar

s

Ja
p

an
R

ar
e-

sp
or

ad
ic

 c
as

es
 o

n
 a

ll 
is

la
n

d
s 

ex
ce

p
t

Ju
n

e 
to

 S
ep

te
m

be
r,

ex
ce

p
t 

A
p

ri
l t

o 
D

ec
em

be
r 

on
V

ac
ci

n
e 

n
ot

 r
ou

ti
n

el
y 

re
co

m
m

en
d

ed
 f

or
 t

ra
ve

l t
o

H
ok

ka
id

o
R

yu
ky

u
 I

sl
an

d
s 

(O
ki

n
aw

a)
To

ky
o 

an
d

 o
th

er
 m

aj
or

 c
it

ie
s;

en
zo

ot
ic

 t
ra

n
sm

is
si

on
w

it
h

ou
t 

h
u

m
an

 c
as

es
 o

bs
er

ve
d

 o
n

 H
ok

ka
id

o

K
or

ea
N

or
th

 K
or

ea
,n

o 
d

at
a;

So
u

th
 K

or
ea

,
Ju

ly
 t

o 
O

ct
ob

er
L

as
t 

m
aj

or
 o

u
tb

re
ak

s 
in

 1
98

2 
an

d
 1

98
3;

sp
or

ad
ic

 c
as

es
sp

or
ad

ic
-e

n
d

em
ic

 w
it

h
 o

cc
as

io
n

al
 o

u
tb

re
ak

s
re

p
or

te
d

 in
 1

99
4 

an
d

 1
99

8

L
ao

s
P

re
su

m
ed

 t
o 

be
 e

n
d

em
ic

-h
yp

er
en

d
em

ic
P

re
su

m
ed

 t
o 

be
 M

ay
 t

o 
O

ct
ob

er
N

o 
co

m
m

en
ts

co
u

n
tr

yw
id

e

M
al

ay
si

a
Sp

or
ad

ic
-e

n
d

em
ic

 in
 a

ll 
st

at
es

 o
f

Pe
n

in
su

la
,

Ye
ar

-r
ou

n
d

 t
ra

n
sm

is
si

on
;O

ct
ob

er
 t

o 
Fe

br
u

ar
y

M
os

t 
ca

se
s 

fr
om

 J
oh

or
,P

en
an

g,
Pe

ra
k,

Sa
ra

w
ak

,
Sa

ra
w

ak
,a

n
d

 p
ro

ba
bl

y 
Sa

ba
h

in
 S

ar
aw

ak
an

d
 S

el
an

go
r

C
on

ti
nu

ed
 o

n
 n

ex
t 

pa
ge



J A PA N E S E  E N C E P H A L I T I S 225

Ta
bl

e 
10

-2
.

R
is

k 
of

Ja
p

an
es

e 
E

n
ce

p
h

al
it

is
 b

y 
C

ou
n

tr
y 

(C
on

ti
n

u
ed

)

C
ou

n
tr

y
A

ff
ec

te
d 

A
re

as
Tr

an
sm

is
si

on
 S

ea
so

n
C

om
m

en
ts

N
ep

al
H

yp
er

en
d

em
ic

 in
 s

ou
th

er
n

 lo
w

la
n

d
s 

(T
er

ai
)

Ju
ly

 t
o 

D
ec

em
be

r
V

ac
ci

n
e 

n
ot

 r
ec

om
m

en
d

ed
 f

or
 t

ra
ve

le
rs

 v
is

it
in

g 
on

ly
h

ig
h

-a
lt

it
u

d
e 

ar
ea

s

P
ak

is
ta

n
M

ig
h

t 
be

 t
ra

n
sm

it
te

d
 in

 c
en

tr
al

 d
el

ta
s

P
re

su
m

ed
 t

o 
be

 J
u

n
e 

to
 J

an
u

ar
y

C
as

es
 r

ep
or

te
d

 n
ea

r 
K

ar
ac

h
i;

en
d

em
ic

 a
re

as
 o

ve
rl

ap
th

os
e 

fo
r 

W
es

t 
N

il
e 

vi
ru

s;
lo

w
er

 I
n

d
u

s 
V

al
le

y 
m

ig
h

t
be

 a
n

 e
n

d
em

ic
 a

re
a

P
ap

u
a

N
or

m
an

by
 I

sl
an

d
s 

an
d

 W
es

te
rn

 P
ro

vi
n

ce
P

ro
ba

bl
y 

ye
ar

-r
ou

n
d

 r
is

k
L

oc
al

iz
ed

 s
p

or
ad

ic
 c

as
es

N
ew

 G
u

in
ea

Pe
op

le
’s

 R
ep

u
bl

ic
C

as
es

 in
 a

ll 
p

ro
vi

n
ce

s 
ex

ce
p

t 
X

iz
an

g 
(T

ib
et

),
N

or
th

er
n

 C
h

in
a,

M
ay

 t
o 

Se
p

te
m

be
r;

so
u

th
er

n
 C

h
in

a,
V

ac
ci

n
e 

n
ot

 r
ou

ti
n

el
y 

re
co

m
m

en
d

ed
 f

or
 t

ra
ve

le
rs

of
C

h
in

a
X

in
ji

an
g,

Q
in

gh
ai

;e
n

d
em

ic
–p

er
io

d
ic

al
ly

A
p

ri
l t

o 
O

ct
ob

er
 (

so
u

th
er

n
 F

u
ji

an
,G

u
an

gd
on

g,
to

 u
rb

an
 a

re
as

 o
n

ly
;T

ai
w

an
,c

as
es

 r
ep

or
te

d
 in

 a
n

d
ep

id
em

ic
 in

 t
em

p
er

at
e 

ar
ea

s;
H

on
g 

K
on

g,
G

u
an

gx
i,

G
u

iz
h

ou
,H

u
n

an
,J

ia
n

gx
i,

Si
ch

u
an

,a
n

d
 

ar
ou

n
d

 T
ai

p
ei

 a
n

d
 t

h
e 

K
ao

h
si

u
n

g-
P

in
gt

u
n

g 
ri

ve
r

ra
re

 c
as

es
 in

 n
ew

 t
er

ri
to

ri
es

;T
ai

w
an

,e
n

d
em

ic
,

Yu
n

n
an

 p
ro

vi
n

ce
s)

;H
on

g 
K

on
g,

A
p

ri
l t

o 
O

ct
ob

er
;

ba
si

n
s

sp
or

ad
ic

 c
as

es
 is

la
n

dw
id

e;
hy

p
er

en
d

em
ic

 in
Ta

iw
an

,A
p

ri
l t

o 
O

ct
ob

er
 w

it
h

 a
 J

u
n

e 
p

ea
k

so
u

th
er

n
 C

h
in

a

P
h

il
ip

p
in

es
P

re
su

m
ed

 t
o 

be
 e

n
d

em
ic

 o
n

 a
ll 

is
la

n
d

s
U

n
ce

rt
ai

n
;s

p
ec

u
la

ti
on

s 
ba

se
d

 o
n

 lo
ca

ti
on

s 
an

d
O

u
tb

re
ak

s 
d

es
cr

ib
ed

 in
 L

u
zo

n
,M

an
il

a,
ag

ro
ec

os
ys

te
m

s;
W

es
t 

Lu
zo

n
,M

in
d

or
o,

N
eg

ro
s,

an
d

 N
u

ev
a 

E
ci

ja
 

an
d

 P
al

aw
an

,A
p

ri
l t

o 
N

ov
em

be
r;

el
se

w
h

er
e

ye
ar

-r
ou

n
d

,w
it

h
 g

re
at

es
t 

ri
sk

 A
p

ri
l t

o 
Ja

n
u

ar
y

R
u

ss
ia

Fa
r-

ea
st

er
n

 m
ar

it
im

e 
ar

ea
s 

so
u

th
 o

f
K

h
ab

ar
ou

sk
Pe

ak
 p

er
io

d
 J

u
ly

 t
o 

Se
p

te
m

be
r

Fi
rs

t 
h

u
m

an
 c

as
es

 in
 3

0 
ye

ar
s 

re
ce

n
tl

y 
re

p
or

te
d

Si
n

ga
p

or
e

R
ar

e 
ca

se
s

Ye
ar

-r
ou

n
d

 t
ra

n
sm

is
si

on
,w

it
h

 A
p

ri
l p

ea
k

V
ac

ci
n

e 
n

ot
 r

ou
ti

n
el

y 
re

co
m

m
en

d
ed

Sr
i L

an
ka

E
n

d
em

ic
 in

 a
ll 

bu
t 

m
ou

n
ta

in
ou

s 
ar

ea
s;

O
ct

ob
er

 t
o 

Ja
n

u
ar

y;
se

co
n

d
ar

y 
p

ea
k 

of
en

zo
ot

ic
R

ec
en

t 
ou

tb
re

ak
s 

in
 c

en
tr

al
 (

A
n

u
ra

d
h

ap
u

ra
) 

p
er

io
d

ic
al

ly
 e

p
id

em
ic

 in
 n

or
th

er
n

 a
n

d
tr

an
sm

is
si

on
 M

ay
 t

o 
Ju

n
e

an
d

 n
or

th
w

es
te

rn
 p

ro
vi

n
ce

s
ce

n
tr

al
 p

ro
vi

n
ce

s

T
h

ai
la

n
d

H
yp

er
en

d
em

ic
 in

 n
or

th
;s

p
or

ad
ic

-e
n

d
em

ic
M

ay
 t

o 
O

ct
ob

er
A

n
n

u
al

 o
u

tb
re

ak
s 

in
 C

h
ia

n
g 

M
ai

 V
al

le
y;

sp
or

ad
ic

 c
as

es
in

 s
ou

th
in

 B
an

gk
ok

 s
u

bu
rb

s

V
ie

tn
am

E
n

d
em

ic
-h

yp
er

en
d

em
ic

 in
 a

ll 
p

ro
vi

n
ce

s
M

ay
 t

o 
O

ct
ob

er
 in

 t
h

e 
N

or
th

,y
ea

r-
ro

u
n

d
H

ig
h

es
t 

ra
te

s 
in

 a
n

d
 n

ea
r 

H
an

oi
in

 t
h

e 
So

u
th

W
es

te
rn

 P
ac

ifi
c

Tw
o 

ep
id

em
ic

s 
re

p
or

te
d

 in
 G

u
am

 a
n

d
 S

ai
p

an
U

n
ce

rt
ai

n
;p

os
si

bl
y 

Se
p

te
m

be
r 

to
 J

an
u

ar
y

E
n

zo
ot

ic
 c

yc
le

 m
ig

h
t 

n
ot

 b
e 

su
st

ai
n

ab
le

;e
p

id
em

ic
s 

si
n

ce
 1

94
7

m
ig

h
t 

fo
llo

w
 in

tr
od

u
ct

io
n

s 
of

vi
ru

s

A
d

ap
te

d
 f

ro
m

 t
h

e 
C

en
te

rs
 f

o
r 

D
is

ea
se

 C
on

tr
o

l a
n

d
 P

re
ve

n
ti

o
n

37
,3

8
an

d
 u

p
d

at
ed

 f
o

ll
ow

in
g 

th
e 

G
lo

ba
l A

ll
ia

n
ce

 f
o

r 
V

ac
ci

n
es

 a
n

d
 I

m
m

u
n

iz
at

io
n

s,
So

u
th

ea
st

 A
si

a 
an

d
 W

es
te

rn
 P

ac
ifi

c 
R

eg
io

n
al

 W
or

ki
n

g

G
ro

u
p’

s 
Ja

p
an

es
e 

E
n

ce
p

h
al

it
is

 M
ee

ti
n

g:
Se

tt
in

g 
th

e 
G

lo
ba

l A
ge

n
d

a 
o

n
 P

u
bl

ic
 H

ea
lt

h
 S

o
lu

ti
o

n
s 

an
d

 N
at

io
n

al
 N

ee
d

s,
B

an
gk

o
k,

T
h

ai
la

n
d

,2
00

2.



South Korea for the first time. Epidemics in northern Vietnam followed in 1965 (currently 1,000 to 3,000

cases nationally per year) and in Chiang Mai, northern Thailand, in 1969 (currently 1,500 to 2,500 cases

nationally each year). JE was recognized in southern India from 1955 but was confined to the south until

the 1970s. Since then, large outbreaks (2,000 to 7,000 cases per year) have been reported from eastern and

northeastern states. The fact that adults and children were equally affected in these Indian states supports

the idea that the virus was introduced here for the first time. The late 1970s also saw the first cases in Burma

(Myanmar) and Bangladesh and large epidemics (up to 500 cases per year) in Nepal. In 1985, Sri Lanka

experienced its first epidemic, with 410 cases and 75 deaths. JEV continues to spread west, with cases

occurring in Pakistan and new epidemics in the Kathmandu valley of Nepal.40–42

Charting the progression of JE southeast across Asia and the Pacific Rim is difficult because sporadic

cases in endemic areas do not command the same attention as the massive epidemics associated with

temperate climates. JE has appeared sporadically on the Western Pacific islands, with outbreaks in Guam

in 1947 and Saipan (Northern Mariana Islands) in 1990.43,44 In Malaysia, the disease is endemic, with the

virus first isolated in the 1950s and approximately 100 cases annually.45 Further east, JE occurs sporadi-

cally in the Philippines and New Guinea. The first cases occurred in the Australian Torres Strait islands

in 1995, and JE was reported for the first time on the Australian mainland, north of Cairns, in 1998.34,46

The reasons for the spread of JE are incompletely understood but probably include changing agricul-

tural practices, such as increasing irrigation (which allows mosquito breeding) and animal husbandry

(which provides host animals). A single rice paddy can produce more than 30,000 adult mosquitoes in a

day.47 The risk of acquiring JE after a single mosquito bite is low. Even where transmission is intense, the

infection rate of mosquitoes rarely exceeds 3%.48 However, by one estimate, the minimum probability of

an infectious mosquito bite in Tamil Nadu, India, was 0.47 to 0.77 per year.49,50

In developed countries, such as Japan, Taiwan, and South Korea, the number of cases of JE has fallen,

probably because of a combination of mass vaccination of children, spraying of pesticides, changing pig-

rearing practices, separation of housing from farming, better housing with air conditioning, and less

availability of mosquito breeding pools.51 The impact of factors other than vaccination is best demon-

strated in Singapore. This country was previously endemic for JE but now has no disease, even though

there is no vaccination program.48 In some developed Asian countries, although JE is now rare in children,

it is still seen in adults, particularly the elderly.39

Epidemic versus Endemic Disease

Broadly speaking, two epidemiologic patterns of JE are recognized.39 In northern areas (northern

Vietnam, northern Thailand, Korea, Japan, Taiwan, China, Nepal, and northern India), large epidemics

occur during the summer months, whereas in southern areas (southern Vietnam, southern Thailand,

Indonesia, Malaysia, Philippines, Sri Lanka), JE tends to be endemic; cases occur sporadically throughout

the year, with a peak after the start of the rainy season.39

A variety of explanations for this different pattern have been offered. The observation that JEV geno-

types I and III circulate in northern “epidemic” regions and II and IV in southern “endemic” regions led

to the proposal that different genotypes might explain the differing clinical epidemiology.26,27 However,

the recent arrival of a “northern genotype I” isolate in Australia, the observation that genotype III is asso-

ciated with epidemic disease in northern Vietnam and endemic disease in southern Vietnam, and the

identification of a putative fifth genotype suggested that this paradigm was not right.28,52,53 The distri-
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bution of genotypes is now thought to relate to the virus’s origin in the Indonesia-Malaysia region and

that the spread of the more recently evolved genotypes is from there also.8,31

An alternative hypothesis is that the clinical epidemiology relates to climate. Comparisons of climatic

data from northern and southern Vietnam suggested that temperature might be a key determinant of

disease pattern.53 Whereas rainfall patterns are almost identical in northern and southern Vietnam, the

temperature is very different, and the number of encephalitis cases appears to follow temperature closely.

In the south, the temperature remains high throughout the year, and the number of cases each month is

unchanged. In the north, a rise in JE cases during the summer months corresponds with a rise in

temperature. The prolonged mosquito larval development time and longer extrinsic incubation period of

JEV at cooler temperatures, which thus reduce the rate of virus transmission, could be one explanation

for these observations.

Epidemiology of Human Disease

Humans become infected with JEV coincidentally when living or traveling in close proximity to the virus’s

enzootic cycle. Although most cases occur in rural areas, JEV is also found on the edge of some Asian cities,

including Ho Chi Minh City in Vietnam and Bangkok in Thailand, and outbreaks have been reported from

Lucknow, India.48,54 Epidemiologic studies have shown that following the monsoon rains, mosquitoes

breed prolifically, and as their numbers grow, so does their carriage of JEV and the infection rate of

pigs.55,56 Human infection soon follows. In sentinel studies, previously unexposed pigs placed in endemic

areas were infected with the virus within weeks.57

Although the virus has occasionally been isolated from human peripheral blood, viremias are usually

brief and titers low; thus, man is considered a dead-end host from which transmission does not normally

occur (see Figure 10-2).58 Cross-sectional serologic surveys have shown that in rural Asia, the majority of

the population is infected with JEV during childhood or early adulthood.59 Approximately 10% of the sus-

ceptible population is infected each year.38 However, most infections of humans are asymptomatic or

result in a nonspecific, flu-like illness; estimates of the ratio of symptomatic to asymptomatic infection

vary between 1 in 25 and 1 in 1,000.60,61

When epidemics first occur in new locations, for example, in Sri Lanka, India, and Nepal, adults as well

as children are affected.62 The susceptibility of immunologically naive adults was also demonstrated by

the incidence of JE among American troops during conflicts in Japan, Korea, and Vietnam.63–67 The risk

of developing symptoms seems to be higher in these troops than in the local population (possibly because

for the local population, previous exposure to other flaviviruses reduces the severity of infection with JEV).

Incidence

Although JE is a disease that is reportable to the World Health Organization (WHO), official figures vastly

underestimate the true incidence. For example, in the Philippines and Indonesia, few cases are officially

reported, yet hospital-based studies show up to 50% of encephalitis patients have JE. One reason for

underreporting has been the difficulty in establishing the diagnosis, but with the availability of new diag-

nostic tests based on immunoglobulin M (IgM) capture enzyme-linked immunosorbant assays (ELISAs),

this should become easier.68–71 JE is primarily a disease of children and young adults. In most affected

areas, the incidence is 1 to 10 per 10,000. In northern Thailand, the incidence has been estimated 

to be up to 40 per 100,000 for ages 5 to 25 years, declining to almost zero for those over 35 years.59,72 The
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incidence is lower in infants and young children (< 3 years old) than in older children, possibly reflect-

ing behavioral factors, for example, playing outside, particularly after dusk.39

Although a figure of 35,000 to 50,000 reported cases is often quoted, estimates of the disease burden

based on incidence rates suggest that the number of cases is much higher. Data from Taiwan and Thailand

looking at the incidence among nonvaccinated children during placebo-control JE vaccine trials suggest

an incidence of 1.8 to 2.5 per 10,000, whereas unvaccinated children in trials in China had an incidence

of 5.7 to 64 per 10,000.48,59,73 Using 1994 population estimates that 700 million Asian children (< 15

years) live in rural areas at risk of JEV and assuming a representative incidence rate of 2.5 per 10,000 (and

no vaccination), the annual incidence of JE was estimated to be 175,000 cases, with 43,750 deaths and

78,750 survivors having severe disabilities.73 Allowing for vaccine coverage, the expected number of cases

was more than 125,000.73

Epidemiology among Travelers and Expatriates

Until the 1980s, vaccination against JE was rarely considered for travelers and expatriates. Then, in 1982,

an American student who was spending a year at Peking University developed JE and died. His father, a

Washington lawyer, was outraged that the vaccine was not even an option in the United States and used

his good connections with government officials to ensure that the vaccine soon became available through

the United States Centers for Disease Control and Prevention (CDC) as an investigational new drug.74 The

vaccine subsequently received full licensure after efficacy trials conducted by the United States Army in

Thailand (see “Efficacy”).

No systematically collected data exist on the incidence of JE among travelers or expatriates (including

military personnel and other foreign residents), though cases are reported in the literature and have been

surveyed informally.48 A review of 24 cases reported to the CDC between 1978 and 1992 showed that 11

had occurred in expatriates, 8 of whom were military personnel or their dependents and 1 or 2 of whom

were thought to be tourists.38 Outcome information was available for 15, of whom 6 died: 5 were disabled,

and 4 recovered. Taking Department of Transport figures indicating that 2 to 3 million US citizens travel

by air to Asia each year, and allowing for the fact that most travelers have brief itineraries that do not

include staying in areas with an exposure risk and that some will have been immunized, an annual incidence

was estimated at roughly one per million. Based on these data, immunization against JE was recommended

by the United States Advisory Committee on Immunization Practices (ACIP) for those staying in Asia for

a month or more, or a shorter time if likely to be at a greater risk of exposure (see following discussion).38

However, with so many unknown variables, it is difficult to know how reliable this estimate of risk really

is. An alternative approach is to extrapolate from the incidence rates in the local population. Assuming an

annual incidence of 10 per 10,000 and recognizing that most cases occur in a 5-month period, the risk 

of developing JE during a 1-month visit in the transmission season was estimated at 1 per 5,000 or 1 per

20,000 per week.38 These rates are similar to the attack rates for nonimmunized Western military person-

nel exposed during field operations in Asia between 1945 and 1991 (0.05 to 2.1 per 10,000 per week).60,75

The cases of JE that have occurred in tourists have shown limitations in our understanding of the 

risk factors. Three foreigners staying in hotels in Bali, Indonesia, for 2 weeks or less developed JE. In the

1980s, an Australian child developed the disease after a 2-week holiday but recovered.76 A female Swedish

tourist developed JE in March 1994, and a fatal case occurred in January 1995 in a Danish man.77,78 Two

of these cases occurred after the ACIP recommendations had been published and in line with those rec-
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ommendations, the tourists had not been vaccinated because they were on short trips and were not

visiting a known epidemic area. It has been suggested that Bali might reflect a unique situation because

of the close proximity of tourist hotels and beaches to areas with intense enzootic viral transmission.

Although it might be argued that there will inevitably be some unlucky individuals who will develop

disease despite following the recommendations for vaccination, it could alternatively be argued that these

cases in Bali indicate the failings of the vaccination policy. The recently published guidelines are less

specific about the duration of a trip. Further cases among travelers were reported in 1996, but none appear

to have been reported since then, possibly because the publicity caused by these cases resulted in more trav-

elers being vaccinated.48

Vaccination policies in countries other than the United States have tended to follow this reactive

rather than proactive approach. For example, the Israeli public health authorities now recommend JE

vaccine for all Israeli travelers going to Thailand following a single case that occurred in a nonvaccinated

traveler.1 In the Kathmandu valley of Nepal, JE cases have been seen among Nepalis since 1995, and

serosurveys of pigs have shown widespread virus activity.41,79 Long-term expatriates are now being

vaccinated, but, unfortunately, it seems that vaccination for travelers will not be recommended until the

first case in a traveler is seen.1

CLINICAL FEATURES

Patients with JE typically present after a few days of nonspecific febrile illness, which can include coryza,

diarrhea, and rigors. This is followed by headache, vomiting, and a reduced level of consciousness, often

heralded by a convulsion. In some patients, particularly older children and adults, abnormal behavior

might be the only presenting feature, resulting in an initial diagnosis of mental illness: during the Korean

conflict, American servicemen with JE were initially diagnosed as having “war neurosis.”65 A proportion

of patients make a rapid, spontaneous recovery (so-called abortive encephalitis). Others present with

aseptic meningitis and have no encephalopathic features.80

Seizures

Seizures occur frequently in JE and have been reported in up to 85% of children and 10% of adults.64,81,82

In some children, a single seizure is followed by a rapid recovery of consciousness, resulting in a clinical

diagnosis of febrile seizure. Generalized tonic-clonic seizures occur more often than focal motor seizures.

Multiple or prolonged seizures and status epilepticus are associated with hypoxic brain metabolism, raised

intracranial pressure, clinical signs consistent with brainstem herniation, and a poor prognosis.80 In a pro-

portion of children, subtle motor seizures occur, causing twitching of a digit, an eye, or the mouth; eye

deviation; nystagmus; excess salivation; or irregular respiration. Without electroencephalographic mon-

itoring, these subtle motor seizures might be difficult to document.80

Parkinsonism and Other Movement Disorders

The classic description of JE includes a Parkinson’s disease–like dull, flat, “mask-like” facies with wide,

unblinking eyes, tremor, generalized hypertonia, and cogwheel rigidity. These features were reported in 70

to 80% of American service personnel and 20 to 40% of Asian children.81,83 Opisthotonos (Figure 10-3)

and rigidity spasms, particularly on stimulation, occur in about 15% of patients and are associated with a
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poor prognosis.81,83,84 Other extrapyramidal features include head nodding and pill-rolling movements,

opsoclonus-myoclonus, choreoathetosis, bizarre facial grimacing, and lip smacking.81,83,85 Radiologic

studies support earlier pathologic studies implicating the basal ganglia and thalamus in the parkinson-

ian syndromes seen in JE.85–87 Upper motor neuron facial nerve palsies occur in approximately 10% of

children and can be subtle or intermittent.

Acute Flaccid Paralysis

A subgroup of patients infected with JEV present with a poliomyelitis-like acute flaccid paralysis.88

Following a short febrile illness, there is a rapid onset of flaccid paralysis in one or more limbs, despite

a normal level of consciousness. Weakness occurs more frequently in the legs than in the arms and is

usually asymmetric. Of these patients, 30% subsequently developed encephalitis, with a reduced level

of consciousness and upper motor neuron signs, but, in the majority, acute flaccid paralysis is the only

feature. At follow-up (1 to 2 years later), there is persistent weakness and marked wasting in the affected

limbs (Figure 10-4).88 Nerve conduction studies demonstrated markedly reduced compound muscle

action potentials, and electromyography showed a chronic partial denervation pattern, suggesting

anterior horn cell damage.88 Flaccid paralysis also occurs in comatose patients with JE, being reported

in 5 to 20%.64,89 Electrophysiologic studies have confirmed anterior horn cell damage, and magnetic

resonance imaging (MRI) of the spinal cord has shown abnormal signal intensity on T2-weighted images,

which is probably the radiologic correlate of the inflammation in the anterior horn of the spinal cord

that is seen at autopsy.7,86
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reproduced with permission from Solomon T.84



Investigations

A peripheral neutrophil leukocytosis is seen in most patients, and hyponatremia can occur as a conse-

quence of the syndrome of inappropriate antidiuretic hormone secretion (SIADH). The cerebrospinal

fluid (CSF) opening pressure is elevated in approximately 50% of patients. Typically, there is a moder-

ate CSF pleocytosis of 10 to 100 cells per mm3, with predominant lymphocytes, mildly elevated protein

(50 to 200 mg %), and a normal glucose ratio. However, polymorphonuclear cells may predominate

early in the disease or there might be no CSF pleocytosis.81

In approximately 50% of patients with JE, computed tomography (CT) scans show bilateral, non-

enhancing, low-density areas in one or more of the thalamus, basal ganglia, midbrain, pons, and

medulla.90,91 MRI is more sensitive, typically demonstrating more extensive lesions, including damage in

the cerebral hemispheres, cerebellum, and anterior spinal cord of patients with flaccid paralysis.86,92

Thalamic lesions of mixed intensity on T1 and T2 are often seen and are suggestive of hemorrhage.85,86

They may be useful in distinguishing JE from herpes simplex encephalitis, where the changes are charac-

teristically frontoparietal.93 Single photon emission CT (SPECT) studies carried out acutely can show

hyperperfusion in the thalamus and putamen.94 Follow-up studies have shown hypoperfusion in the

same areas as well as in the frontal lobes.85

A variety of electroencephalographic abnormalities have been reported in JE, including theta and delta

coma, burst suppression, periodic lateralized epileptiform discharges and other epileptiform activity and,

occasionally, alpha coma.80,91,93,95

J A PA N E S E  E N C E P H A L I T I S 231

Figure 10-4. Poliomyelitis-like acute flaccid paralysis. This

child has marked weakness and wasting a year after the initial

presentation. Photograph by T. Solomon reproduced with

permission from Solomon T et al.88



Diagnosis

The differential diagnosis of JE is broad and includes other viral encephalitides (arboviruses, herpesviruses,

enteroviruses, postinfectious and postvaccination encephalomyelitis), other central nervous system  (CNS)

infections (bacterial and fungal meninigitis, tuberculosis, cerebral malaria, leptospirosis, tetanus, abscesses),

other infectious diseases with CNS manifestations (typhoid encephalopathy, febrile convulsions), and 

noninfectious diseases (tumors, cerebrovascular accidents, Reye’s syndrome, toxic and alcoholic

encephalopathies, epilepsy).3 Distinguishing encephalitis from partially pretreated bacterial meningitis

and cerebral malaria might be particularly difficult.

Attempts at isolating JEV from clinical specimens are usually unsuccessful, probably because of low

viral titers and the rapid production of neutralizing antibodies. Isolates can sometimes be obtained from

brain tissue (either at autopsy or from a postmortem needle biopsy) or from CSF, in which case it is

associated with a failure of antibody production and a high mortality rate.96 Immunohistochemical

staining of CSF cells or autopsy tissue with anti-JEV polyclonal antibodies can be positive.97,98 However,

in most cases, JE is diagnosed serologically. The hemagglutination inhibition test was used for many

years, but it had various practical limitations and, because it required paired sera, could not give an

early diagnosis.99 In the 1980s, IgM and IgG capture ELISAs were developed and have become the

accepted standard for diagnosis of JE.69,100 The presence of anti-JEV IgM in the CSF has a sensitivity and

specificity of greater than 95% for CNS infection with JEV.101 ELISAs are now commercially available and

have also been modified to a kit form that requires no specialist equipment, which might be useful for

diagnosing JE in small rural hospitals.70,71 JEV ribonucleic acid (RNA) has been detected in human CSF

samples using reverse transcriptase polymerase chain reaction.40,102 However, its reliability as a routine

diagnostic test has not been shown.

MANAGEMENT AND ANTIVIRAL TREATMENT

Treatment for JE is supportive and involves controlling convulsions and raised intracranial pressure when

they occur. For many years, corticosteroids were given, but a double-blind randomized placebo-

controlled trial of dexamethasone failed to show any benefit.103 Aspiration pneumonia is a common 

occurrence in patients with a reduced gag reflex. Careful nursing care and physiotherapy are needed to

reduce the risk of bedsores, malnutrition, and contractures. There is no established antiviral treatment for

JE or any other flavivirus infection. A variety of compounds have shown antiviral activity in vitro and/or

in animal models of infection.104 In animal studies, passive immunization with polyclonal or mixed mono-

clonal antibodies given peripherally and intrathecally was effective.105 This has also been attempted in a

small number of patients, but experience from similar treatment of tick-borne encephalitis suggests it is

unlikely to be useful unless given before encephalitis has developed and might even worsen outcome.106,107

Recently, salicylates and nonsteroidal anti-inflammatory drugs were shown to suppress the in vitro

replication of JEV and prevent apoptosis of infected cells.108,109 This did not appear to be via suppres-

sion of nuclear factor κB activation but might be via mitogen-activated kinase.109 Interferon-α, a glyco-

protein cytokine that is produced naturally in response to viral infections, including JE, had been the

most promising antiviral candidate.110 In tissue culture, recombinant interferon is effective against

JEV and other arboviruses, including West Nile virus.111,112 In the 1980s, it was given in open trials to

a small number of Thai JE patients with encouraging results113 However, a recently completed double-
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blind placebo-controlled trial in Vietnamese children with JE (the first randomized controlled anti-

viral trial for any flavivirus) showed that it made no impact on the overall outcome.114

Outcome

Approximately 30% of hospitalized patients with JE die, and around half of the survivors have severe

neurologic sequelae. However, in areas with better hospital facilities, there is a reduction in mortality

but a concomitant increase in the number of patients with severe sequelae. Poor prognostic indicators

include a depressed level of consciousness, abnormal breathing and decerebrate posturing, multiple

seizures, raised intracranial pressure, isolation of virus from the CSF, low levels of JE virus–specific IgM

and IgG in CSF and serum, and immune complexes in the CSF.80,81,115,116 Other indicators that have

been found in some, but not all, populations studied include higher admission temperature, absent

abdominal reflexes, hyponatremia, low serum iron, and elevated CSF white cell counts and pro-

tein.80,81,117–119 Approximately 30% of survivors have frank motor deficits. These result in a mixture

of upper and lower motor neuron weakness and cerebellar and extrapyramidal deficits.66,120

Hyperextension of the legs, with “equine feet,” and fixed-flexion deformities of the arms are common

(Figure 10-5). Twenty percent of patients have severe cognitive and language impairment (most with

motor impairment too), and 20% have convulsions.121,122 A higher rate of sequelae is reported for

children than for adults.123 In addition, the more detailed studies have shown that approximately half

of those who were classed in the “good recovery” group have subtle sequelae, such as learning difficul-

ties, behavioral problems, and subtle neurologic signs.121
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Figure 10-5. Sequelae of Japanese encephalitis: flexion deformities are apparent in this child 2 months after the initial illness.

Photograph by T. Solomon reproduced with permission from Solomon T.84



Pathogenesis

Only about 1 in 25 to 1 in 1,000 humans infected with JEV develop clinical features of infection.60,61

These can range from a mild, flulike illness to a fatal meningoencephalomyelitis. The factors determin-

ing which of all the humans infected with JEV will develop disease are unknown but could include viral

factors, such as route of entry, titer of the inoculum, strain virulence, and host factors such as age, genetic

make-up, general health, and preexisting immunity.

Humans become infected from the bite of an infected mosquito. Following inoculation, the virus is

thought to replicate in the skin before being transported to local lymph nodes. Langerhans’ dendritic

cells migrating from the skin to the lymph nodes have recently been implicated in this transport in

experimental intradermal infection of BALB/c mice with West Nile virus and in volunteers receiving

candidate live attenuated dengue virus vaccines.124,125

The means by which JEV crosses the blood-brain barrier is unknown. In experimental studies with a

hamster model of the related flavivirus, St. Louis encephalitis virus, the olfactory route was shown to be

important.126 Intranasal spraying is also an effective means of experimentally inoculating monkeys.127

However, immunohistochemical staining of human JE autopsy material has shown diffuse infection

throughout the brain, indicating a hematogenous route of entry.98 Although experimental evidence

suggests that replication within endothelial cells might be an important means of crossing the blood-brain

barrier in some flaviviruses, for JEV, passive transfer across the endothelial cells appears a more likely

mechanism.128,129 Other factors that compromise the integrity of the blood-brain barrier have also been

implicated as risk factors for neuroinvasion. In several studies, a disproportionate number of fatal cases

had neurocysticercosis at autopsy, and it has been suggested that head trauma (eg, due to a road traffic

accident) during the incubation period could facilitate viral entry into the central nervous system.130–132

Virulence Determinants

In animal models, JEV strains differ in both their neuroinvasiveness (following peripheral inoculation)

and neurovirulence (following intracranial inoculation). This might be a consequence of the high viremia

achieved by some strains. In mice, JEV strains with higher neurovirulence produce higher viremias than

those with lower neurovirulence.133,134 An analysis of the nucleotide and amino acid sequence showed that

changes in the structural, nonstructural, and noncoding regions were associated with neurovirulent

strains. The E protein has been shown to have a major role in determination of the virulence phenotype,

and single amino acid substitutions are sufficient to cause loss of neurovirulence or neuroinvasive-

ness.135,136 Two mechanisms mediated by the E protein might be involved: attachment of the virus to the

receptor and fusion of viral and host cell membranes. The putative receptor-binding site of flaviviruses

lies in an exposed hydrophilic region of domain III of the envelope protein, which in some mosquito-

borne flaviviruses includes the integrin-binding motif arginine-glysine-aspartate (RGD). Substitutions

around position E-306 on the exposed lateral surface of domain III, at or close to this RGD motif, are

associated with loss of neuroinvasiveness.133,137,138 Another group of flavivirus variants with altered

virulence has amino acid changes in the putative hinge region. For example, in several studies of JEV and

Murray Valley encephalitis virus, neutralization escape variants with low neuroinvasiveness for mice have

shown changes around positions 52 and 270 to 277 of the E protein, both of which lie in this hinge

region.139–141 A substation at E279 in a chimeric yellow fever–Japanese encephalitis virus (see below) was

recently shown to affect neurovirulence for mice and monkeys.142
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Histopathology

At autopsy, CNS findings in JE reflect the inflammatory response to widespread neuronal infection with

the virus.7,143,144 The leptomeninges are normal or hazy. The brain parenchyma is congested with focal

petechiae or hemorrhage in the gray matter. When survival is prolonged beyond 7 days, blotchy,

necrolytic zones are seen. The white matter usually appears normal. In some patients, the gray matter of

the spinal cord is confluently discolored, resembling that of poliomyelitis.145 The thalamus, basal ganglia,

and midbrain are heavily affected, providing anatomic correlates for the tremor and dystonias that

characterize JE. At the histologic level, invasion of neurons by JEV is followed by perivascular cuffing,

infiltration of inflammatory cells (T cells and macrophages) into the parenchyma, and phagocytosis of

infected cells.7,143 T cells in the brains of fatal cases stained with monoclonal antibodies are CD8+ and

CD8– (presumed to be CD4+) and are localized at the perivascular cuff. Both cell types are found in the

CSF in acute infection, though the predominant cell type is CD4+.143 In patients that die rapidly, there

might be no histologic signs of inflammation, but immunohistochemical studies reveal viral antigen in

morphologically normal neurons.143,146 This might explain the normal CSF findings in a proportion of

patients with Japanese encephalitis.

Immune Response

Interferon and interferon inducers are active against JEV in mice and monkeys, and endogenous inter-

feron-α has been detected in the plasma and CSF of humans with JE.101,147,148 In addition, both humoral

and cellular immune responses occur following infection with JEV. The humoral immune response in JE

has been well characterized. In primary infection (ie, when JEV is the first flavivirus with which an indi-

vidual has been infected), a rapid and potent IgM response occurs in serum and CSF within days of infec-

tion. By day 7, most patients have elevated titers.101 Attempts to isolate virus are usually negative in such

patients. However, the failure to mount an IgM response is associated with positive virus isolation and a

fatal outcome.96 Antibodies to JEV may protect the host by restricting viral replication during the viremic

phase, before the virus crosses the blood-brain barrier.149 Evidence from other flaviviruses suggests it

may also limit damage during established encephalitis by neutralizing extracellular virus and facilitating

lysis of infected cells by antibody-dependent cellular cytotoxicity.150

In surviving patients, class switching occurs, and within 30 days, most have IgG in the serum and CSF.

Asymptomatic infection with JEV is also associated with elevated IgM in the serum but not in the CSF.

In patients with secondary infection (ie, those who have previously been infected with a different fla-

vivirus such as dengue infection or yellow fever vaccination), there is an anamnestic response to flavivirus

group common antigens.100 This secondary pattern of antibody activation is characterized by an early rise

in IgG with a subsequent slow rise in IgM.

In animal models of JE, the cellular immune response appears to contribute to the prevention of dis-

ease during acute infection by restricting virus replication before the nervous system is invaded. Athymic

nude mice have increased susceptibility to experimental infection with JEV and transfer of spleen cells

from mice immunized with live attenuated virus conveys immunity to infection.151,152 Spider monkeys,

which are normally unaffected by intracerebrally inoculated JEV, develop rapidly progressive encephali-

tis when T-cell function has been impaired by cyclophosphamide.153

In humans infected with St. Louis encephalitis virus, impairment of T-cell function by human immuno-

deficiency virus (HIV) appears to increase the risk of developing encephalitis.154 By analogy with other
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human viral infections, including influenza, HIV, Epstein-Barr virus, and dengue, cytotoxic T lym-

phocytes might be important in the control and, possibly, the clearance of JEV.155,156 Preliminary

experimental evidence is in agreement with this: T-lymphocyte responses were characterized in 7 con-

valescent JE patients and 10 vaccine recipients of the formalin-inactivated vaccine, JEV-specific T-cell

proliferation (including CD4+ and CD8+ T-lymphocyte responses) was demonstrated in both

groups.157 JEV-specific and flavivirus–cross-reactive CD4+ T lymphocytes that recognize E protein in

an HLA-restricted manner were recently demonstrated in two vaccine recipients.158

Effect of Heterologous Antiflavivirus Antibodies

Many JE-endemic areas are also endemic for dengue and other flaviviruses, such as Tembusu and Langat

viruses. In dengue infection, the presence of heterologous antibodies to other dengue virus serotypes

appears to be associated with more severe disease (due to a postulated Fc-γ receptor–mediated antibody-

dependent enhancement of virus entry into macrophages) (see Chapter 13,“Dengue Fever Vaccine”).159–161

However, in JE the evidence suggests that rather than making the disease more severe, the presence of prior

dengue antibodies might afford some protection against severe disease.72,118,162,163 Thus, patients with a

secondary flavivirus infection are less likely to die or have severe sequelae than are those with primary

infection.118 Younger children with JE tend to have a worse outcome, which might be a reflection of their

having had less exposure to other flaviviruses.123 Preexisting dengue virus antibodies have also been

postulated as one reason why the apparent-to-inapparent infection ratio is much lower in indigenous

populations (1 in 300) than it was in nonindigenous American service personnel (1 in 25).39,60 In a

similar way, during the 1962 Florida epidemic of St. Louis encephalitis virus, the age-adjusted clinical

attack rates were much lower in those with prior dengue immunity than in those without.164

NONVACCINE PREVENTIVE MEASURES

Broadly speaking, measures to control JE include those that interfere with the virus’s enzootic cycle and

those that prevent disease in humans. Measures to control breeding of Culex mosquitoes, such as the

application of larvicides to rice fields and insecticide spraying, have largely proved ineffectual. Alternative,

more ecologically friendly methods that might be useful include the application of the natural insecticide

neem (which is also a fertilizer for the rice) to rice fields, placing larvivorous fish in rice paddies, and using

intermittent irrigation of rice paddies, which disrupts the mosquitoes’ breeding but does not impair rice

yields (indeed, it might provide better yields for the water consumed).165,166 Culex mosquitoes breed

preferentially on cattle, yet cattle are dead-end hosts for JEV. Thus, using cattle to divert mosquitoes away

from swine and humans (zooprophylaxis) might have a role.167,168

Inactivated and live attenuated vaccines (described below) have been used to protect swine against

JEV; however, widespread vaccination is not feasible in most settings. Residents and travelers to endemic

areas should take personal protection to reduce the number of Culex bites. These include minimizing

outdoor exposure at dusk and dawn, wearing clothing that leaves a minimum of exposed skin, using

insect repellents containing at least 30% DEET (N,N-diethyl-3-methlybenzamide), and sleeping under bed

nets. Although these measures might be possible for the short-term visitor, they are not practical for

many residents of endemic areas.
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VACCINES FOR JAPANESE ENCEPHALITIS

The only JE vaccine currently available for travelers is a formalin-inactivated mouse brain–derived vac-

cine. This comes from the Research Foundation for Microbial Disease of Osaka University (BIKEN),

Japan and is distributed by Aventis Pasteur (Table 10-3).169 A vaccine is also sometimes internationally

available from Green Cross in Korea. In addition, formalin-inactivated mouse brain–derived vaccines are

produced for local use in Taiwan, Thailand, and Vietnam. Two other vaccines are used widely in China:

an inactivated vaccine grown in primary hamster kidney (PHK) cells and a live attenuated vaccine, known

as SA14-14-2, which is having a great impact on JE control in China. In addition, a formalin-inactivated

Vero cell–derived vaccine has recently been licensed in China, and other tissue culture–derived vaccines

and genetically engineered recombinant vaccines are in development.
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Table 10-3. Summary of Vaccines against Japanese Encephalitis

Description Virus Strain Common Name Manufacture/Developer Notes

INACTIVATED VACCINES

Mouse brain Nakayama BIKEN BIKEN, Japan Manufactured for international
distribution

Nakayama Green Cross Green Cross, S. Korea Some available internationally

Beijing-1 — Japan Manufactured for the domestic
market

Primary hamster P3 — China Previously China’s principal
kidney vaccine

Vero cell P3 — China Recently licensed in China

Beijing-1 — Japan In development

SA14-14-2 — US Army In development

P3 — Aventis Pasteur Abandoned after it caused febrile
reactions in clinical trials

LIVE ATTENUATED VACCINES

Primary hamster SA14-14-2 — China Widely used in China, also in trials
kidney in Nepal and South Korea

SA14-5-3 — China Abandoned after clinical trials
because poorly immmunogenic

RECOMBINANT VACCINES

Canarypox — NYVAC-JE — Abandoned because poorly
vectored immunogenic

Vaccinia — ALVAC-JE — Abandoned because poorly
vectored immunogenic in vaccinia-

immune individuals

17D yellow fever SA14-14-2 ChimeriVax-JE Acambis In development
vectored

DNA vaccine Various — Japan In development



Inactivated Mouse Brain–Derived JE Vaccine

Work on inactivated mouse brain–derived vaccines began soon after JEV was first isolated in the 1930s

in Japan. An immunogenic, efficacious, and relatively safe inactivated vaccine has been available for at least

30 years and has been used widely in wealthier Asian countries. In poorer Asian countries, its use has been

limited by cost, difficulty of production, and issues over availability, whereas its use in travelers has been

dominated by issues related to vaccine safety.

Vaccine Production

Following the isolation of JEV in the 1930s, the Japanese and Russians produced crude vaccines by

growing the virus in mouse brain and then inactivating it in formalin.170,171 During World War II,

a similar vaccine was developed for the US Army by Albert Sabin (later of poliomyelitis fame) and

colleagues. It was shown to be immunogenic and was given to 60,000 American soldiers during an

encephalitis outbreak in Okinawa in 1945.63 For several years postwar, the US armed forces used a

chick embryo–derived inactivated vaccine but later abandoned it because the available data suggested

it was not immunogenic or efficacious. Since the 1950s, the mouse brain vaccine has been refined

by research institutes in Japan, and by 1966 it had been introduced for routine use in children. The

current vaccine undergoes centrifugation, ultrafiltration, protamine sulphate precipitation, and then

formalin inactivation, followed by further clarification, ultrafiltration and concentration, ammonium

sulphate precipitation, ultracentrifugation on a sucrose density gradient, and then dialysis and

concentration.48 National standards in Japan specify minimal immunogenicity and potency in mice

(compared with a vaccine standard), maximal protein content, and undetectable myelin basic protein

(assay limit of detection 2 ng/mL). The vaccine is stabilized with gelatin and sodium glutamate and

preserved with thimerosal. In Japan, the vaccine is distributed in liquid form, but for international

distribution it is lyophilized (freeze dried). The production procedures of formalin-inactivated mouse

brain vaccine in other Asian countries are similar to that in Japan.

Stability and Storage

The liquid and freeze-dried inactivated vaccines should be stored at 2˚C to 8˚C but should not be frozen.

Lyophilized vaccine is stable at 4˚C for at least a year. It retains more than 90% of its potency after 28 weeks

at 22˚C and 95% of its potency after 4 weeks at 37˚C. Once it has been reconstituted, inactivated vaccine

is stable for at least 2 weeks at 22˚C, but at 37˚C, the potency declines to 85%.172

Virus Strains Used

Most formalin-inactivated vaccines (including the BIKEN and Green Cross vaccines) are based on the

original Nakayama strain of JEV isolated in 1935 and maintained by continuous mouse brain passage

since then. However, since 1989 the vaccine produced for the domestic market in Japan has been prepared

using the Beijing-1 strain, isolated in China in 1948 (see Table 10-3). The Beijing-1 strain has a higher

potency, and in challenge experiments in mice, it elicited broader cross-reacting antibodies against var-

ious wild-type strains of JEV.173 However, during a phase III clinical trial comparing monovalent

Nakayama vaccine to bivalent Nakayama/Beijing-1 vaccine, the efficacy of the two vaccines was the same

(see “Efficacy”).59 Recently, the question of whether these vaccines (which are based on genotype III

238 T R AV E L E R S ’  VA C C I N E S



strains of virus) are efficacious against other genotypes of JEV has been raised. A WHO-supported study

is addressing this question, but no clinical or epidemiologic data suggest that it is a problem.

Dosage and Route

A variety of dosage regimens are used depending on the setting. The differing immunization schedules

have been derived from immunogenicity studies, though, as explained later in this chapter, these have not

always been conducted to a single standard. The volume of Nakayama-based vaccine administered per

dose is 1 mL subcutaneously (0.5 mL for children age 1 to 2 years; 1.0 mL for children 3 years and older).

Because the Beijing-1 vaccine is more potent, it is given at half this volume.

Immunogenicity Studies

Assays of Humoral Immunity. To determine the neutralizing antibody titer that is protective against

JEV, mice were passively immunized with anti-JEV antibody and then challenged with live virus. The

dose of challenge virus used in these experiments was 105 median lethal dose (MLD) of JEV (ie, 105

times the lethal dose50—the dose that kills 50% of the unimmunized mice), which is thought to be a typ-

ical dose transmitted by an infectious mosquito bite. In such challenge experiments, mice that had neu-

tralizing antibody titers greater than 1 in 10 were found to be protected, whereas mice with lower titers

were not.174,175 Neutralizing antibody titers greater than 1 in 10 are also therefore taken to indicate

postvaccination seroconversion and protection in humans, though no direct data support this.48

To measure neutralizing antibody titers, the plaque reduction neutralization test is most often used.

The essence of the test is that when JEV is grown on a monolayer of Vero cells, or other appropriate cell

substrate, it causes plaques to form. The number of plaques formed is reduced if the virus has been

mixed with serum containing neutralizing antibody, and this reduction in plaques gives a measure of

the antibody titer. No international standard for the exact procedure or choice of end points has been

established. Thus, the challenge virus strains, cell systems, addition of exogenous complement (which

facilitates binding of antibody to virus), and end points (ranging from 50% to 90% reduction in

plaques) vary between laboratories. A comparison of results from three laboratories showed good

correlation, and the issue is currently being examined further with the support of the WHO initiative

for vaccine research.176

Immune Responses to Inactivated Vaccine. Studies of the immune response in vaccine recipients revealed

important differences between residents of endemic areas and travelers, which have led to

different vaccination schedules being recommended. When Asian children were vaccinated with a primary

regimen of two doses of Nakayama or Beijing-1 strain–derived vaccines, 94 to 100% had neutralizing anti-

body to the homologous strain, though seroconversion rates against heterologous antigenic groups were

lower.177 Nearly 100% seroconversion was achieved following a 1-year booster dose. In contrast, sero-

conversion rates in travelers and military personnel from the United Kingdom and United States follow-

ing a two-dose primary vaccination regimen were lower (33 to 80%).178–181 By 6 to 12 months after

vaccination, only 10% of vaccinees still had antibody titers greater than 1 in 8. A three-dose primary

schedule was more effective, giving seroconversion in more than 90% of recipients and higher geometric

mean titers.180,181 The difference in vaccine immunogenicity between the two populations is presumed

to be due to a degree of natural immunity among the Asian children because of exposure to JEV and other
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flaviviruses, particularly dengue; however, the differences in the age of the populations studied (most of

the travelers and military personnel are adults) might also be important.

Cellular Immunity

Although immunogenicity studies of vaccine efficacy have focused on humoral immunity, cellular

immune responses produced by inactivated vaccines might also be important. CD4+ and CD8+ T-cell

memory has been demonstrated by lymphoproliferative responses to JE antigens in virus-like particles

containing only structural proteins.157 In addition, as described above, inactivated JE vaccine induces

both JE-specific and flavivirus cross-reactive human leukocyte antigen (HLA)-restricted CD4+ cytotoxic

T cells directed against the E protein of the virus. Thus, T-cell memory could be protective even in vacci-

nees who appear to be seronegative.157,158

Primary Vaccination Schedules

In endemic parts of Asia, a two-dose primary immunization schedule is used. Children typically receive

their first dose at any age between 12 and 36 months; the second dose is given 7 to 30 days later (Table

10-4).169 A booster dose is given at 1 year and then additional boosters are given every 1 to 3 years. In Japan

and South Korea, where the incidence of JE has declined, the first dose is given at 18 months to 3 years.

In Thailand, vaccination is initiated at 18 months, whereas in Sarawak, Malaysia, it is started at 9 months.

For travelers (and military personnel), a three-dose primary schedule is recommended because, as

explained previously, a two-dose regimen fails to produce neutralizing antibody in approximately 20% 

of subjects (Table 10-5). ACIP recommends three doses on days 0, 7, and 30. If there is insufficient time

available before departure, an accelerated regimen (days 0, 7, and 14) is recommended.38 Both regimens

produce nearly 100% seroconversion, but the accelerated regimen produces lower antibody titers when

measured subsequently. Although not ideal, even two doses given 7 days apart produce antibody in 80%

of recipients and so might be better than nothing. An interval of at least 10 days is recommended between

the last dose of vaccine and the commencement of a trip because of the low risk of adverse events requir-

ing medical attention (see “Adverse Events”).38,169

Booster Doses

Precise recommendations are not possible because only limited data are available. Studies of US Army

vaccine recipients showed that antibody titers were maintained for up to 3 years in nearly 95% of recip-

ients, but field studies suggested greater variability.180 Boosters at 2 to 3 years are currently recommended.

In different parts of Asia, the practice has varied over time: annual boosters during childhood were given

in Korea until the 1980s; in Japan boosters are given approximately every 5 years; in poorer countries that

are able to afford only primary vaccination in a limited number of children, no boosters are given at all.

Natural boosting by exposure to JEV, dengue, or other flaviviruses might be important in parts of Asia.

Immunosuppressed Recipients, Pregnancy, and Lactation

Because it is not a live vaccine, the BIKEN and other inactivated JE vaccines are safe in immunosuppressed

individuals. In one comparison of infants with vertically acquired HIV and HIV-negative infants of

HIV-infected women, there was a trend toward lower JEV seroconversion rates after vaccination in the

HIV-positive children.182 No specific information is available on vaccination in pregnancy or in lactation.
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Because of the theoretic risk to the fetus, vaccine is not normally recommended in pregnant women

unless there is thought to be a strong risk of infection.

Efficacy

Two randomized double-blind placebo-controlled trials have assessed the efficacy of formalin-inactivated

JE vaccines. In 1965, nearly 134,000 individuals in Taiwan were given either a single dose (22,000) or a

double dose (112,000) of the Nakayama vaccine (a less purified form than today’s vaccine), and nearly

132,000 children were given tetanus toxoid as placebo. The JE attack rates per 100,000 recipients were

18.2 in the placebo group, 9.0 in the single-dose group, and 3.6 in the double-dose group. Thus, a single

dose of vaccine yielded 50% (95% CI: 26% to 88%) efficacy, and two doses gave 80% (95% CI: 71% to

93%) efficacy. The BIKEN JE vaccine was assessed in northern Thailand in the 1980s.59 Children aged

1 year or older, in three groups of approximately 22,000, received two doses (1 week apart) of the BIKEN

Nakayama vaccine, two doses of bivalent Nakayama/Beijing-1 vaccine, or tetanus toxoid as placebo.

After a 2-year observation period, the JE attack rate in the placebo group was 51 per 100,000, whereas
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Table 10-5. Summary of Information for Travelers

General measures

In the evenings, travelers should wear clothing with long sleeves and trousers and use insect repellent containing DEET to
minimize the risk of mosquito bites. They should stay in air-conditioned or screened rooms, or use bed nets, aerosol
insecticides, and mosquito coils.

Indications for vaccination

BIKEN formalin-inactivated vaccine is recommended for travelers spending prolonged periods in rural areas where JE is
endemic or epidemic (see Table 10-2), or those on shorter trips if likely to include extensive outdoor evening and night-
time exposure to biting mosquitoes in rural areas. Previously, “prolonged” was specified as a month or more, but because
in some parts of Asia the epidemiology is not well described and JE has occurred in short-term travelers, recent guidelines
have been less specific, and some authors have recommended more liberal use of vaccine.* 

Primary dosage schedules

• Preferred regimen: three 1.0 mL doses of BIKEN formalin-inactivated vaccine given subcutaneously on days 0, 7, and 30

• Accelerated 2 week regimen if traveling soon: three 1.0 mL doses of formalin-inactivated vaccine given on days 0, 7, and
14 (this regimen gives near 100% protection but lower antibody titers)

• One-week regimen: two 1.0 mL doses of formalin-inactivated vaccine given on days 0 and 7 (gives seroconversion in
80% of recipients, so is probably better than nothing)

For any regimen, the last dose should be given at least 10 days before travel to allow time for the immune response to
develop and access to medical care in the event of a delayed adverse reaction. For infants and children < 3 years, a 0.5 mL
dose should be given using the same routes and the same schedules. The vaccine is not recommended in pregnancy unless
the risk of acquiring JE outweighs the theoretic risks of the vaccine

Boosters

Recommended at 2 years, then every 2 to 3 years if continuing risk of exposure to JEV (though conclusive data are lacking)

Adverse events

Approximately 20% of vaccinees have local cutaneous or mild systemic reactions (fever, headache, myalgias).
Approximately 0.6% of vaccinees have had more serious allergic reactions (urticaria, angioedema, respiratory distress,
anaphylaxis) that respond to adrenaline, antihistamines, or steroids. Vaccinees should be observed for 30 minutes after
vaccination. Those with a history of urticaria or allergic reactions are at greater risk of adverse events. Severe neurologic
adverse events are very rare (approximately 1 per million doses).

Adapted from Shlim DR and Solomon T1 and the US Centers for Disease Control.37,38

DEET = N,N-diethyl-3-methylbenzamide; JEV = Japanese encephalitis vaccine.



in both vaccine groups it was 5 per 100,000, giving a protective efficacy of 91% (95% CI: 70% to 90%).59

These results were accepted by the United States Food and Drug Administration as evidence for efficacy,

leading to licensure of the BIKEN vaccine.38 Interestingly, during the follow-up period, the risks of

dengue and dengue hemorrhagic fever were slightly lower in the vaccinated groups, which does not

support the theoretic possibility that vaccination against JE might increase the risk of severe dengue

disease (as discussed in “Effects of Heterologous Antiflavivirus Antibodies”).

Adverse Events

Local and Nonspecific Adverse Events. In studies in the United States, Thailand, and the United Kingdom,

approximately 20% of individuals reported localized tenderness, redness, or swelling, and 5 to 10%

reported mild systemic side effects (headache, low-grade fever, myalgias, malaise, and gastrointestinal

symptoms).59,176,178,181,183,184 The incidence of these adverse events decreased with each dose in the three-

dose primary vaccine series.

Neurologic Adverse Events. Because of the vaccine’s neural-tissue substrate (mouse brain) there has always

been a concern that an immune response raised against mouse neural tissue could attack the human nerv-

ous system causing autoimmune-type conditions such as acute disseminated encephalomyelitis (ADEM),

Guillain-Barré syndrome, or related neuritis, polyneuritis, and demyelinating diseases.As discussed previously,

the current purification procedures ensure that the amount of myelin basic protein in the vaccine is below the

limit of detection (< 2 ng/mL), though there are no reported data on measurements of other neural proteins

known to be associated with ADEM, such as proteolipid protein and myelin-oligodendrocyte glycoprotein.

Experimental infection of guinea pigs and cynomolgus monkeys with 50 times the normal dose of vaccine 

did not result in clinical or histopathologic evidence of encephalomyelitis. Furthermore, as outlined later in

this chapter, data from clinical studies suggest that the risk of serious neurologic adverse events is about one

in a million, which is comparable to that for other vaccines, such as measles.

Most attempts at early monitoring of adverse events were simply documented cases, with no attempt

at examining a control group. Eight neurologic reactions (mostly neuritis) were reported among 53,000

American soldiers vaccinated in 1945 with a crude, inactivated vaccine on Okinawa island, Japan, but sim-

ilar cases occurred among nonvaccinees.63 In Japan, a countrywide survey between 1957 and 1966 found

26 temporally-related events (meningitis, convulsions, demyelinating disease, polyneuritis), but the rates

of vaccination and comparison with controls were not available.171 Surveillance data from the manufac-

turers in Japan from 1965 through to 1989 suggested neurologic adverse events rates in children of 1 to

2.2 per million doses.171,185,186 In the 1990s, following two ADEM cases temporally related to vaccination,

a retrospective survey of 162 Japanese medical institutions identified 7 further cases over 22 years and esti-

mated the incidence to be less than one per million vaccinees, though the denominator of vaccine recip-

ients was poorly defined.186,187 Similarly, ADEM following JE vaccination in a Danish traveler prompted

a review of the national database for further cases.185 This identified 2 additional cases in adults and gave

an estimated risk of 1 in 50,000 to 1 in 75,000 vaccinees, far greater than in any other report.188 In total,

16 ADEM cases were reported between 1992 and 1996 from Japan, South Korea, and Denmark (identi-

fied by passive reporting and retrospective case finding). Guillain-Barré, optic neuritis, and Bell’s palsy have

also on occasion been reported following JE vaccination, but the causal relationship is uncertain.

Hypersensitivity Reactions. As the formalin-inactivated JE vaccine became available to travelers from

Europe, North America, and Australia, hypersensitivity reactions not previously reported were described.

J A PA N E S E  E N C E P H A L I T I S 243



These consisted of urticaria, angioedema, and bronchospasm. The incidence is reported to be 2 to 

6 per 1,000 vaccinees in travelers and military personnel, whereas a study in Korean children gave a risk

factor of 0.3 per 1,000 for similar reactions.183,189–192 A review of vaccine administration data from

Okinawa in 1945 suggests that allergic side effects were also seen there.63 In a prospective study of nearly

15,000 US marines, the median time interval between immunization and onset of symptoms was 16 to

24 hours after the first dose and 96 hours after the second dose, though it could occur up to 14 days

later.189,190 Reactions could occur after the second or third dose even if the first dose had been given

uneventfully. Most cases respond to outpatient treatment with antihistamines or corticosteroids,

but hospitalization and intravenous steroids have been required. Three deaths due to anaphylaxis, or

possibly a cardiovascular collapse syndrome with a different pathogenesis, have been attributed to the

vaccine.169,193,194 Other allergic phenomena reported include transient generalized pruritus and, rarely,

erythema multiforme, erythema nodosum, and serum sickness–like disease with joint manifestations.

Because of the risk of adverse reactions, vaccinees should be observed for 30 minutes after vaccination,

and immunization should be completed at least 10 days before departure.38

The cause of these allergic reactions is not known. Numerous lots from different manufacturers have

been implicated. Case-control studies have indicated an increased risk in those with a history of allergic

disorders, such as urticaria and rhinitis, or of asthma; female sex; and young (adult) age.189,191 Alcohol

consumption in the prior 48 hours might also be implicated.195 IgE antibodies to gelatin (used as a

vaccine stabilizer) were demonstrated in three Japanese children with systemic allergic reactions, whereas

IgG against gelatin appeared to be more important in those with later cutaneous reactions.196,197

The risk of adverse events was assessed by examining the postmarketing surveillance data from Japan

and the United States. The rate of total adverse events per 100,000 doses was 2.8 in Japan and 15.0 in the

United States. In Japan, 17 neurologic disorders were reported from April 1996 to October 1998, for a rate

of 0.2 per 100,000 doses. In the United States, no serious neurologic adverse events temporally associated

with JE vaccine were reported from January 1993 to June 1999. Rates for systemic hypersensitivity

reactions were 0.8 and 6.3 per 100,000 doses in Japan and the United States, respectively. Data passively

collected by the United States’ Vaccine Adverse Events Reporting System (VAERS) indicate that charac-

teristic hypersensitivity reactions with a delayed onset continue to occur among JE vaccine recipients.198

Inactivated Cell Culture–Derived Vaccines

Because of the limitations of the formalin-inactivated vaccines grown in mouse brain (cost, complexity

of production, and concerns over adverse reactions) and the desire to improve immunogenicity, attention

has focused on inactivated vaccines grown in cell culture. A variety of JEV strains have been used in a range

of different tissues.

Studies in China showed primary hamster kidney cells (PHK cells, primary cell cultures derived from

the kidneys of Syrian golden hamsters) gave the highest yield of JEV.

A formalin-inactivated vaccine produced from growing the P3 strain of JEV in PHK cells has been used

in China since the 1960s and for many years was the country’s principal JE vaccine.48 The vaccine, which

is not purified, is stabilized with 0.1% human serum albumin and presented as a liquid formulation. The

primary course consists of two 0.5 mL subcutaneous doses given 1 week apart to children age 6 to 12 months,

then boosters at 1 year, school entry, and age 10 years. After primary immunization, 60 to 70% of children

have seroconverted, and booster doses elicit good recall immunity.169 In five randomized field trials in
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China involving a total of 480,000 children, the vaccine’s efficacy ranged from 76 to 95%.48 However, the

need for repeated booster doses and its relatively low efficacy have meant that the vaccine is gradually being

replaced with the live attenuated vaccine (see below).

Vaccines grown in Vero cells have also been developed. Vero is a continuous cell line derived from

African green monkeys and is a conventional substrate for vaccine production with the advantage of

quality, absence of animal proteins and allergens, and lower cost. One such vaccine, a formalin-inactivated

P3 virus grown in Vero cells, has recently been licensed in China, and 200,000 doses were produced in

2001.199 A similar vaccine developed by Aventis Pasteur reached clinical trials but was discontinued

because of nonspecific febrile reactions, the cause of which was not known.169 An inactivated Vero cell

Beijing-1 strain vaccine is being developed by two Japanese companies, and a Vero cell–derived inactivated

vaccine based on the live attenuated SA14-14-2 strain (see below) is being developed by the Walter Reed

Army Institute of Research (WRAIR) in the United States.200 Because this uses an attenuated rather than

a virulent virus, production is easier, requiring only biosafety level 2 rather than level 3 facilities. In clin-

ical trials, immune responses were disappointing after primary immunization (40 to 70%) but better

after a booster dose.169

Live Attenuated SA14-14-2 Vaccine

The accomplishment by Dr. Yu Yong Xin and colleagues in developing a live attenuated vaccine against

JEV has been likened to Max Theiler’s Nobel prize–winning derivation of the 17D yellow fever vaccine

strain.73,201 Live attenuated SA14-14-2 vaccine was licensed in China in 1988, and more than 200 million

doses have been delivered since then with an excellent record of safety and efficacy.

Vaccine Development

To produce a live attenuated JEV strain, wild-type strains were passaged empirically in a range of cell

culture systems, including PHK, chick embryo (CE), and mouse embryo skin cells. A lack of virulence in

mice, hamsters, or pigs suggested the possibility of safe use in humans. JEV strain SA14 was isolated from

Culex pipiens larvae collected in Xian, China, in 1954.201 It was passaged 11 times in weanling mice, then 100

times in PHK cells, at which stage it was no longer neurovirulent in monkeys but was not stable. To produce

a stable, avirulent virus, it was then inoculated intraperitoneally into mice, harvested from the spleen,

plaque-purified further in CE cells, and passaged subcutaneously in mice and orally in hamsters before

further purification in PHK cells.48 The resultant strain, SA14-5-3, did not revert to virulence after intra-

cerebral passage in suckling mice and was still immunogenic. It was safe in humans but in large field trials

in southern China had poor immunogenicity in flavivirus-naive subjects. To increase immunogenicity, the

virus was therefore passaged subcutaneously in suckling mice five times and twice plaque-purified on PHK

cells to produce strain 14-14-2, which was equally attenuated. SA14-14-2 is more immunogenic for mice than

inactivated PHK vaccines and was protective against challenge experiments with JEV strains from Thailand,

Indonesia, and Vietnam, which represented diverse genotypes.202 The vaccine is produced from seed virus

by infecting PHK cells and is manufactured as a freeze-dried product stabilized with gelatin and sorbitol. After

reconstitution with normal saline, the vaccine must be used within 4 hours.

Biologic Characteristics. The virus neurovirulence in animals has been studied extensively. Compared

with the parental SA14 strain, SA14-14-2 is attenuated in immunocompetent mice, hamsters, and nude

and cytoxan-treated mice and in monkeys inoculated by the intrathalamic and intraspinal routes.48 The
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virus replicates in C6/36 mosquito cells and also in Culex tritaeniorhyncus and other mosquitoes.203 As

for any live virus, one safety concern is the possibility of continuous circulation and reversion to a

virulent form. There is a theoretic possibility that by feeding on a viremic, recently vaccinated human,

a mosquito could become infected with SA14-14-2, and replicating in the mosquito, the strain could revert

to virulence. However, the evidence suggests that this is unlikely to occur. Human viremias following 

vaccination are likely to be below the oral infection threshold of mosquitoes, and a related vaccine strain

(SA-14-2-8) did not infect Culex tritaeniorhyncus orally.169,204

Genetic Basis of Attenuation. Although there are many silent mutations and amino acid changes between

SA14-14-2 and the parental strain SA14, comparison with two other attenuated strains from earlier in

the vaccine’s development (SA14-2-8 and SA14-5-3) suggests that eight common amino acid changes

from SA14 are important in attenuation; these include six changes in the virus’s E protein (E107, E138,

E176, E279, E315, E439) and single changes in nonstructural proteins NS2B, NS3, and NS4. Plotting the

E-protein mutations onto the three-dimensional model of the flavivirus envelope protein showed they

occurred in domains I, II, and III.21,169 To examine which combination of E-protein changes might be

important in attenuation, the mutations were reverted to wild-type sequence singly or in combinations

using an infectious chimeric clone that incorporates the structural genes of SA14-14-2 into the

yellow fever 17D backbone (see “Chimeric Yellow Fever–JE Vaccine”).205 Virulence was assessed by intra-

cerebral inoculation of mice. These studies showed that attenuation depended on at least three or four

mutations, making it extremely unlikely that the virus would revert to a virulent form.169

Immunogenicity, Efficacy, and Adverse Events

SA14-14-2 vaccine has undergone many clinical trials in China and, more recently, South Korea and

Nepal. After a single dose of SA14-14-2, 85 to 100% of children had seroconverted, but two doses given

1 to 3 months apart gave 99 to 100% seroconversion with higher geometric mean titers.48,201,206,207 This

regimen allows full protection of infants born before or during the summer transmission season and is

compatible with incorporation into the Expanded Program on Immunization (EPI) schedule at 9 and

12 months of age. Currently, a third dose at school entry is administered in China, but it is not certain that

this is necessary.

The vaccine’s efficacy was demonstrated in five open-label field studies in China between 1988 and 1993

that involved nearly 600,000 children.48 Comparisons of the incidence of JE in vaccinated and unvaccinated

children showed a protective efficacy of approximately 98%. These findings were confirmed in a more 

rigorous, relatively simple and inexpensive postlicensure case-control study in which the prevalence of

immunization was compared between 56 JE cases and 1,299 age- and village-matched controls.208 The

effectiveness of one dose was 80% (95% CI: 44% to 93%) and of two doses 1 year apart, 97.5% (CI: 86%

to 99.6%). The efficacy of single-dose vaccine given just before the JE season was assessed in a similar case-

control study in Nepal in 1999, when approximately 160,000 children were vaccinated.209 None of 20 

JE cases had received vaccine, compared with 326 of 557 age- and sex-matched village controls, giving a 

protective efficacy of 99.3% (CI: 94.9% to 100%). Interestingly, the data suggested protection occurred a

median 2 weeks after vaccination. The mechanism of this early protection is unknown, and whether this

single-dose vaccination with SA14-14-2 gives longer term protection is under investigation.

In the field studies involving more than 600,000 children, the vaccine had a very low incidence of side

effects, which included fever, rash, nausea, and dizziness. Fever occurred in less than 5 per 10,000 recipients.48
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Vaccine safety was also assessed in a postlicensure, randomized, placebo-controlled trial in 26,000

children.210 One month after vaccination, the two groups had similar rates of hospitalization and illness.

There were no cases of postvaccine anaphylaxis or neurologic disease.

The Vaccine’s Future

SA14-14-2 vaccine has not had regulatory approval outside of China because of concerns about the PHK

substrate, which is not an accepted cell line for vaccine production; uncertainty about the quality control

tests for adventitious agents; and other issues related to good manufacturing practice (GMP). However, the

WHO has recently developed guidelines to facilitate the international acceptance of the vaccine.73 The key

issues identified are testing of the hamster colonies (which should preferably be closed, “specified

pathogen–free” colonies) and testing of the vaccine seeds to prove freedom from adventitious agents. In

addition, evidence of continued attenuation for batches in animal tests and evidence of phenotypic stabil-

ity will be important. Concerns have also been expressed about documentation of the raw materials, includ-

ing bovine serum and hamster cells, used in the production of the original seed virus. These might be

harder to address retrospectively, but given the vaccine’s efficacy and apparent safety and the more experi-

ence with the vaccine grows, the less important these are likely to be.

COST-EFFECTIVENESS OF JE VACCINATION IN ASIA

Cost effectiveness analyses of JE vaccination have been conducted in Thailand and China.211,212 In Thailand,

it was estimated that incorporating the inactivated vaccine into routine immunization at 18 months (at a

cost of $2.28 (US) per person) would prevent 124 cases (per 100,000 people), with a cost-effectiveness of

$15,715, and would save $72,922 (in treatment costs, disability care, and loss of future earnings) for each

prevented JE case. JE vaccination was thought to be worth implementing unless the incidence was below

3 per 100,000 population.211 In Shanghai, China, a cost-effectiveness analysis estimated that immunization

with inactivated P3 vaccine would prevent 420 JE cases and 105 deaths, saving 6,456 disability-adjusted

life years (DALYs) per 100,000 people. The live attenuated SA14-14-2 vaccine would prevent a similar

number of cases and deaths. Both vaccines resulted in costs savings compared with no vaccination, but the

live vaccine would result in a greater cost saving ($512,456 per 100,000 people versus $348,246) because it

is cheaper to produce.212

VACCINES IN DEVELOPMENT

Newer JE vaccines in development include genetically engineered recombinant vaccines, in which the

JEV structural genes are delivered by established vaccine strains and DNA vaccines.

Vaccinia-Vectored Vaccines

Replication-deficient canarypox (ALVAC) and highly attenuated vaccinia viruses (NYVAC) have been

used as vectors for delivering PrM-E or PrM-E-NS1 genes.213,214 The recombinant vaccines induced pro-

tective immunity in mice and monkeys in challenge experiments and proceeded to clinical studies. Because

of the possibility that prior vaccination against smallpox would limit the response to these pox-vectored

vaccines, the recombinant vaccines were tested in vaccinia-immune and vaccinia-naive individuals.215
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ALVAC-JE was poorly immunogenic in all subjects. In contrast, NYVAC-JE elicited neutralizing antibody

and T-cell responses in vaccinia-naive recipients but not in those that had previously been vaccinated

against smallpox. Because the main commercial interest was for immunization of adult travelers,

approximately half of whom were likely to be vaccinia immune, development of the vaccine has

not continued.169

Chimeric Yellow Fever–JE Vaccine

In an alternative approach, the PrM-E genes of attenuated JEV strain SA14-14-2 were inserted into an

infectious clone of the 17D yellow fever vaccine strain.216 The chimeric virus (ChimeriVax-JE; Acambis,

Cambridge, UK) replicated efficiently in vitro and was shown to be immunogenic, efficacious, and safe

in mice and nonhuman primates, being even more attenuated than the original 17D yellow fever

strain.217,218 Attenuation of the chimeric virus was shown to depend on clusters of at least three of the six

amino acid changes in the E protein.205 The chimeric virus was incapable of infecting mosquitoes by oral

feeding and had reduced replication after indirect intrathoracic inoculation, allaying fears of secondary

transmission after vaccination and suggesting that it is unlikely to be transmitted by mosquitoes’ biting

recently vaccinated individuals.203 The vaccine has been given to 12 human volunteers in a phase I trial

and was shown to be safe and immunogenic.219 Interestingly, in both humans and monkeys, prior yellow

fever immunity did not reduce the response to the chimeric vaccine.217 A similar approach using the

same 17D yellow fever virus backbone is being used to develop chimeric vaccines against West Nile virus

and dengue (see Chapter 13, “Dengue Fever Vaccine”).220

DNA Vaccine

Plasmid DNA vaccines containing JEV PrM-E genes under the control of a cytomegalovirus promoter

have produced promising results in mice and swine. In mice, intramuscular or intradermal inoculation

with two doses of plasmid DNA produced neutralizing antibodies, T-cell memory, and CD8+ cytotoxic

T-cell responses against the E protein, and protected against lethal JE challenge.221 In swine, two intra-

muscular doses produced high antibody titers and high anamnestic responses to challenge with live

attenuated virus.222 Another vaccine in development includes the secretory signal sequence derived

from tissue plasminogen activator fused to either the full-length or partial JEV envelope protein gene.

Cells transfected with the latter construct secreted E protein and produced better protection against

intracerebral challenge in mice.223

CONCLUDING COMMENTS

Since outbreaks of encephalitis were first recognized in Japan in the 1870s, the story of JE has been one of

remarkable achievements in virology and vaccine development against a disease that continues to spread

and for which there is no antiviral treatment. In some parts of Asia, these achievements have translated into

public health policy and have had a large impact on disease control, whereas in developing countries, JE is

still a major cause of morbidity and death. For travelers, uncertainties still remain about the risk-benefit

ratio of the inactivated JE vaccine. The development of newer, safe vaccines might make these decisions eas-

ier for travelers, but there is a need to ensure that such vaccines reach those most in need of them.
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