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Throughout each year of the 1960s Japan had several thousand patients with Japanese encephalitis. In 1954,
the national government began to take extensive measures aimed at susceptible individuals by administering an
Inactivated Japanese encephalitis vaccine. The number of patients decreased to less than 10 per year in and after
1992, After 1990, the genotype of the prevalent strain changed from the previous type 3 1o type 1. The decrease
in the number of patients may be attributable not only to the efficacy of routine vaccination in children under the
Immunization Law but also to the influences of changing lifestyle and environment. The rate of seroconversion
from negative to positive results in pigs, the animal in which the virus is amplified, remains high every year. The
government suspended its aggressive recommendation for Japanese encephalitis vaccination in May 2005, soon
after a 14-year-old patient with severe acute disseminated encephalomyelitis that was linked o a booster
Inoculation of Japanese encephalitis vaccine was recognized as resulting from the vaccine. Over the subsequent
3 years, the numbers of susceptible children have been accumulating. A new type of inactivaled Japanese
encephalitis vaccine produced using a culture cell line (Vero cells) has been developed to replace the current
vaccine that is produced using the mouse brain, and a clinical trial of this vaccine Is now underway. When this
vaccine is approved, the national government intends to resume its recommendalion of the vaccination. The new
vaccine is expected to be approved in 2009.

Japanese encephalitis, Japanese encephalitis vaccine, Acute disseminated encephalomyelitis,
Tissue-cultured vaccine

Introduction

In Japan, several thousand patients were affected
by Japanese encephalitis every year during
the 1960s. However, since 1992, the number of
patients per year has remained at fewer than 10
(Fig. 1)." The Japanese government discontinued
its aggressive recommendation of the current
Japanese encephalitis vaccine in May 2005, and
abandoned the third stage of the routine vaccina-
tion program in July of the same year? A new
tissue-cultured inactivated vaccine, which was
expected to appear soon, is not yet available.
The current status and future prospects of vac-
cination against Japanese encephalitis will be
described below.

Japanese Encephalitis and Its Virus

Although the incidence of symptomatic Japanese
encephalitis is low, and there is no human-to-human
transmission, it is a severe disease thal causes
death in 17% of those affected and sequelae in
48.5% of patients, according to the Japanese
statistics.® The virus, which is amplified in pigs, is
transmitted to humans by the mosquito Culex
tritaeniorhynchus. The positive conversion ratio
for the antibody is high every year, particularly
among pigs in western Japan, reflecting a substan-
tial presence of the virus in this country. Recent
isolates include a new type I as well as the con-
ventional type I11.%% The recent marked decrease
in the number of patients with this infection
seems to be largely attributable to the decreased

1 Director, Fukuoka-West Rehabilitation Center for Children, Fukuoka, Japan (fseiburc-miya @ jcom home ne.jp)
This article is a revised English version of a paper originally published in the Joumal of the Japan Medical Association (Vol. 135, No.10, 2007

pages 2179-2183)
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(Cited from Taya K, et al. Pediatrics of Japan 2006;47:289-285)

Fig. 1 Reported number of patients with Japanese encephalitis
From Intectious Diseases Weekly Report. The figure for 2005 is provisional

exposure to the virus resulting from social factors,
including a decrease in the Culex rritaeniorhyn-
chus population, a marked decrease in piggeries,
and the spread of air conditioners, as well as the
effect of preventive vaccination.'

Withholding of Aggressive
Recommendations for the Current
Japanese Encephalitis Vaccine and

the Abolition of Third-stage Inoculation

The Japanese government issued a notice on May
30, 2005, that its aggressive recommendation of
the current Japanese encephalitis vaccine be
withheld, following the fact that the Ministry
of Health, Labor and Welfare affirmed a causal
relationship between the Japanese encephalitis
vaccine and severe cases of acute disseminated
encephalomyelitis (ADEM) occurring after
third-stage (age of 14-15 years) inoculation of
the vaccine. The government explained that its
decision was made in consideration of the follow-
ing factors. Japanese encephalitis currently occurs
in only a few persons of advanced age annually,
shows hardly any incidence in children, and has

the attributes of personal immunity rather than
mass immunity. In all, 13 cases (including 4 severe
cases) of ADEM have been recognized as a result
of the vaccination since 1991, and the severity of
these cases should be noted.

In addition, the government discontinued
third-stage inoculation of Japanese encephalitis
vaccination on July 29 of the same year. This act
was based on the fact that there were almost no
patients in the late teens despite the fact that the
vaccination rate for the third stage was only 50%.
Japanese encephalitis vaccines may be given 1o
children as if requested at both the first stage
(6 months to less than 90 months after birth) and
the second stage (9 years to less than 13 years)
in the form of routine vaccinations if their guard-
ians provide consent based on thorough informa-
tion. However, currently, these vaccinations are
seldom undertaken.

Efficacy and Adverse Effects of
the Vaccine

The Japanese encephalitis vaccine currently
available is produced by inactivation and purifi-
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Fig. 2 Local reaction after inoculation of the Japanese encephalitis vaccine (fiscal 2003)

Table 1 Reported adverse reactions after Japanese encephalitis vaccination

Total  Within24h 1-3days 4-7days B-14days 15-28days op S2YS
Total 825 611 153 26 17 14 4
1 Immediate systemic
oo 252 224 26 1 1
1A Anaphylaxis 122 19 3
1B Generalized urticaria 130 105 23 1 1
Encephalitis,
encephalopathy 82 1 7 9 6 ! 2
3 Convulsion 45 27 1 2 4 1
4 Motor dystunction 3 1 2
5 Other neurological
disorders 25 14 3 5 2 1
6 Abnormal local
swelling 12 10 2
7 Generalized eruption 44 30 13 1
8 Feverof 39°C or
T 161 107 48 3 3
9 Other abnormal
reactions 65 56 [ 1 1 1
10 Unrelated cases 186 141 a7 - 1 2

[Ministry of Health, Labor and Welfare report ol adverse reactions alter vaccination (fiscal 1996-2004))

cation of the virus, using mouse brains infected
with the virus (Beijing strain).® This vaccine
achieved an efficacy rate of 81-91% in large-scale
field trials carried out in Taiwan and Thailand. A
historical review of changes in the preventive

JMAJ, May/June 2008 — Vol 51, No. 3

vaccination policy, the amount of vaccine sup-
plied, and the incidence of patients by age also
demonstrated the efficacy of the vaccine.® Al
least three inoculations of the currently available
vaccine seem to allow the persistence of the neu-
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Table 2 Incidence ol ADEM after Japanese encephalitis vaccine

Stage of routine  First stage

BT T Do TG e TR T B e TR e =T ¥ s -y

Second stage Third st

vaccination (age) (3-7) (8-12) (14-15 Total
MNo. of reporied cases 1994-2006 14 1 6 21
of ADEM (13 years) 1/3 million 1/10 million 1/1.2 milhon  (1/2.6 million doses)
No. of recognized health 1989-2006 10 0 8 16
hazard cases of ADEM {18 years) 1/5 million 1/1.8 million  (1/4.8 million doses)
A e, of 2.8 million 0.8 million 0.6 milion 4.2 million doses
inoculations

* No. of inoculation and incidence of ADEM are round numbers.
(National Institute of Infectious Dt Infectious Di Surveillance Center)

tralizing antibody at a level 10-fold the protective
antibody level.”

A common adverse effect is local reactions,
whose incidence increases with increased num-
bers of inoculations. The incidence of immediate
general reactions decreases, and the incidence of
local reactions decreases by half, by removing,
reducing, or replacing the additives gelatin and
thimerosal (Fig. 2).%

ADEM occurs relatively frequently in children.
This condition is an acute, transient encephalitis
characterized by demyelination of the central
nervous system following viral or bacterial infec-
tion or vaccination. Several surveys conducted by
a Research Group of the Ministry of Health, Labor
and Welfare*'? revealed that ADEM in children
occurs at a mean age of 6-7 years, is slightly more
frequent in boys, shows no clear seasonality, and
has a relatively good vital prognosis. Patients with
post-infectious ADEM account for about 70% of
all patients. The annual incidence is 0.33-0.64 per
100,000 children 15 years of age or younger, and
the total number of patients per year is estimated
at about 60-100.

Table 1 shows the reported cases of adverse
reactions to Japanese encephalitis vaccination
(there might be erroneous inclusions because no
definite causal relation was required) during the
9-year period between fiscal 1996 and 2004."
The 32 cases of encephalitis or encephalopathy
are shown in the table. Based on the total number
of vaccinees, the incidence of reported ADEM is
approximately one per 2,600,000 inoculations, and
the incidence of a recognized health hazard is less
than one per 4,000,000 inoculations (Table 2).
Since there is a wide variation in the period from

inoculation to onset among individual cases, it
is difficult to identify any causal relationship.
According to an analysis of the relationship
between the number of vaccinees at each stage
of vaccination and reported cases of encephalitis
or encephalopathy, the risk of ADEM (including
erroneous cases) is likely to be high in children in
the third stage (Table 2).

Current Status of Tissue-cultured
Vaccine Development

When the national government halted aggressive
recommendation of the current Japanese encepha-
litis vaccine, it stated that recommendation of
Japanese encephalitis vaccination was slated to
be resumed when the development of a presum-
ably safer tissue-cultured vaccine became avail-
able and its supply secure. The current vaccine is
highly purified, and is considered to have only a
trace amount of myelin basic protein. Therefore,
there is no definite evidence that the brain tissue
component is the cause of ADEM following
vaccination. However, the current vaccine is nec-
essarily subject to theoretical concerns and dis-
cussions of its responsibility for causing ADEM
as long as infected mouse brains are used as the
source.

Much is expected from the development of
a tissue-cultured Japanese encephalitis vaccine,
which would preclude contamination by unknown
pathogens, protect the rights of animals, and
secure a steady supply.’ At present, two domes-
tic companies are applying for approval of tissue-
cultured inactivated vaccines produced using
Vero cells. These vaccines achieve a favorable
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increase in antibody titer, but can cause rather
frequent local reactions, requiring additional
clinical trials. It seems that one or a few more
years will be required before a tissue-cultured
vaccine becomes commercially available,

Long-terms Effects of Discontinuation
of Japanese Encephalitis Vaccination

To examine the long-term effects of discontinua-
tion of the third stage of vaccination and sus-
pended aggressive recommendation of the first
and second stages of vaccination, it is necessary
to observe the trend of the virus among pigs
and transmitting mosquitos, the pathogenicity
of wild strains of the virus, antibody prevalence
by locality and age group, occurrence of acute
encephalitis or meningitis of unknown etiology,
and the overall trend of patient infection through-
out Asia.

Since the infection rate is low (an annual infec-
tion rate of 0.07% among young children, esti-
mated from the results of preinoculation serum
antibody test in participants in clinical trials
of tissue-cultured vaccines), a lack of Japanese
encephalitis vaccination may not cause an instant,
sharp increase in pediatric patients. However, it is
well known that about one million susceptible
children accumulate each year. The risk of infec-
tion should increase gradually among individuals
of age groups characterized by increased outdoor
activities during the evening hours in summer
and autumn. As a result of these circumstances,
the Japan Pediatric Society submitted a written
inquiry and demand to the Japanese government
in July 2006, inquiring as to how the government
plans to address these issues in the future (see the
home page of the Society: http://www.jpeds.or.jp/
saisin-j.html). On August 31 of the same year,
the Japanese government gave notice to local
governments that they cannot refuse to provide
routine vaccination against Japanese encephalitis
to children if their guardians request such vaccina-
tion, even though the aggressive recommendation
for Japanese encephalitis vaccination remains
suspended. Readers are referred to a related
document, an explanatory leaflet about the Japa-
nese encephalitis vaccine, because the Japanese
government’s view on Japanese encephalitis and
ADEM is expressed in the leaflet.

JMAJ, May/June 2008 — Vol. 51, No. 3
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Since the advent of a new vaccine 1s being
delayed, some doctors, particularly those in clini-
cal practice in areas showing a high prevalence of
the virus, have begun to recommend inoculation
of the current vaccine again. going beyond the
position of the national government. There is no
doubt that attaining basic immunily lowers the
risk of developing Japanese encephalitis. It is
hoped that the Japanese government will take
measures to relieve individuals who exceed the
target age of routine vaccination during this period
of discontinuation of the apgressive recommen-
dation. Vaccination against Japanese encephalitis
(primary or booster inoculation) is desirable
before traveling or residing overseas because
tens of thousands of individuals are affected
every year in Southeast Asia, China, India, and
other countries.'

Relation with West Nile Fever

The virus responsible for West Nile fever/encepha-
litis, whose epidemics have been seen in the US
since 1999, belongs to the Flavivirus family,
together with the Japanese encephalitis virus.
These viruses are closely related to each other
from the antigenic aspect, and both are classified
as belonging to the Japanese encephalitis sero-
type group. The infection cycle of the West Nile
virus is maintained by birds and mosquitos. Culex
tritaeniorhynchus may be the major transmitting
mosquito in Asian areas. It is possible that an
epidemic of this infection could spread to Japan
through birds flying here from Southeast Asia.
Although the results of some animal experiments
suggest that the Japanese encephalitis vaccine
has a preventive effect against this infection, a
West Nile virus vaccine seems to be necessary
from a practical viewpoint.

Conclusion

There is an urgent need to collect scientific infor-
mation about epidemics in Asian areas, including
Japan, to examine seroepidemiology, virus preva-
lence among pigs and transmitting mosquitos,
viral variation (genotype and pathogenicity), and
the efficacy and safety of a new vaccine. It will be
desirable to reconstruct vaccination strategies
based on such information.
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