
Notes

Japanese Encephalitis in Taiwan: A Review of Recent Studies *
by SAN-PIN WANG, M.D., United States Naval Medical Research Unit No. 2, Taipei, Taiwan

Epidemic encephalitis, occurring primarily during
the summer months, has been recognized in Taiwan
for many years. The geographical position of
Taiwan in relation to the Ryukyus and Japan,
together with the seasonal occurrence of the disease,
strongly suggested Japanese encephalitis virus
(JEV) as the principal etiological agent of the disease.
However, except for some suggestive serological
evidence, there had been no definite proof until 1958
that the disease in Taiwan was caused by JEV.
A series of studies was started in 1958 by the United
States Naval Medical Research Unit No. 2
(NAMRU-2) with the purpose of defining the etio-
logical agent of " summer encephalitis " in Taiwan
and to study its ecology. The studies were concen-
trated around human infections in an effort to iso-
late virus from and make laboratory diagnosis of
human patients, to find mosquito vectors, and to
survey the natural infections in man and animals.
This paper reviews a series of studies which establish
the fact that JEV is the principal cause of the sum-
mer encephalitis in Taiwan and which indicate
some of the salient points in the natural history of
the disease there.

Epidemiology of the human disease in Taiwan a-c
Encephalitis has been a reportable disease to the

Public Health Administration of Taiwan since July
1955. Reporting is not compulsory, however,
and it is likely that the disease is under-reported.
Based on data for cases reported from July 1955
to August 1962 and the additional information
collected to the best of our ability, the following
epidemiological picture can be drawn.

* Revised version of a paper submitted to the Seminar
on Japanese Encephalitis and Other Arthropod-borne Virus
Infections convened in Tokyo in October 1962 by the WHO
Regional Office for the Western Pacific. The opinions and
assertions contained herein are those of the author and are
not to be construed as official or as reflecting the views of
the Navy Department or the Naval Service at large.
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Figures for the seasonal prevalence over the years
1955-62 show a characteristic sharp peak in July
for each year except 1957, when the peak occurred
in August-September. Incomplete reporting renders
a strict comparison of annual incidences difficult,
but a tendency to increase in recent years is noted.
The most severe epidemic was in 1961, with a total
of 704 cases and 146 deaths, giving an incidence of
7.15 per 100 000 and a case-fatality rate of 20.7%.
A relatively severe epidemic was also experienced
in 1962 with 377 cases through August, but the
information is not complete at the time of writing
and the number of deaths is not known. The figures
for the preceding years are as follows: 1955, 9
deaths and 28 cases; 1956, 33 and 76; 1957, 48 and
146; 1958, 70 and 224; 1959, 35 and 123; 1960, 89
and 287.
The age and sex incidence and case-fatality rates

in 1958-61 are given in Table 1. During these four
years, 1339 cases were reported with 338 deaths.
The over-all incidence (for four years) is computed
as 12.4 per 100 000 with a case-fatality rate of 25.2 %.
The highest age incidence was found in children of
3-14 years (29.7 per 100 000). The case-fatality
rates were higher in infants (42.4%) and adults
(29.9 O) than in children ofintermediate age (22.1 %).
When both sexes are compared, a slightly higher
incidence is observed in males (14.4 per 100 000)
than in females (10.3). There is not a great diffe-
rence in case-fatality rates between the sexes.

Incidence according to the 21 administrative
divisions is shown in the accompanying figure,
from which it will be seen that over the period
July 1955 through 1959, most cases occurred on the
west coast and on the Pescadores, the reported total
incidence for that period being 6 per 100 000.
In 1960 (over-all incidence 2.9 per 100 000) the
north and north-east were most severely affected.
The year 1961 showed the highest incidence for the
period under review (7.15 per 100000), with the
north and centre and the southern tip of Taiwan
being hardest hit. The 1962 epidemic has not been
fully investigated at the time of writing, owing partly
to the simultaneous occurrence of a cholera epi-
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TABLE I
AGE AND SEX INCIDENCE AND CASE-FATALITY
OF ENCEPHALITIS IN TAIWAN (JANUARY 1958

RATES OF REPORTED CASES
THROUGH DECEMBER 1961)

Age No. of cases (and of deaths) Incidence Case-fatality
(years) I (4 years) rate (%Male Female Total per 100 000

<1 21(9) 16 (7) 37 (16)

1 40 (19) 27 (15) 67 (34) 9.5 81/191 = 42.4

2 47 (17) 40 (14) 87 (31)

3 78 (21) 53 (12) 131 (33)

4 90 (24) 55 (11) 145 (35)

5 90 (22) 56 (14) 146 (36)

6 83 (18) 58 (14) 141 (32)

7 74 (17) 54 (15) 128 (32)
29.7 233/1 054 = 22.1

8 57 (11) 30 (6) 87 (17)

9 37 (10) 23 (5) 60 (15)

10 38 (5) 27 (3) 65 (8)

11 31 (7) 23 (4) 54 (11)

12 25 17 (4) 42 (4)

13 18 (3) 6 (1) 24 (4)

14 13 (4) 6 (1) 19 (5)

15 7 5 (1) 12 (1)

>15 38 (11) 39 (12) 77 (23) 1.3 23/77 = 29.9

Undetermined 9 (1) 8 17 (1)

Total 796 (199) 543 (139) 1 339 (338) 12.4 25.2

Incidence (4 years) 14.4 10.3 12.4
per 100000

Case-fatality
rate (%) 25.0 25.6 25.2

demic, but five Hsien (counties) in the north-west
seem to show the highest incidence (6-21 per 100 000).

Laboratory confirmation of diagnosis a-c

Laboratory diagnosis by virus isolation and
serological tests was carried out with a few autopsy
specimens and many sera collected from patients.
The virus was first isolated from the brain tissue of a
deceased patient in 1958 and later confirmed as
JEV. This is the only strain ofJEV we have obtained
from the few autopsy specimens available. The ma-
jority of the available patients' sera from the whole

island, and particularly sera from patients in the
Taipei area during the period 1958-61, were sero-
logically tested in this laboratory. As a routine, both
complement-fixation (CF) and haemagglutination-
inhibition (HI) tests were applied to the sera with
JEV antigen. It was a general finding that HI
antibody developed earlier than CF antibody in the
patients tested. Positive confirmation of diagnosis
is based on a fourfold or greater increase of CF
and/or HI antibody titres in the paired (acute and
convalescent) sera when tested concurrently. A
single titre of 1: 16 or greater in CF and/or 1: 160
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INCIDENCE OF REPORTED CASES OF ENCEPHALITIS OF TAIWAN, 1955-61 a
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a Reproduced, by permission, from Green, 1. J. et al. (1963) Amer. J. trop. Med. Hyg., 12, 668-674.

or greater in HI demonstrated from a single serum
collected from a suspected patient is also considered
positive. The latter criterion could be justified
on Taiwan, since in the serological survey for the
normal indigenous population, JEV-CF antibody
was only rarely demonstrated and HI antibody
rarely exceeded a titre of 1: 80. The laboratory-
confirmed cases were limited to a short period of
one or two months during the epidemic seasons.

Mosquito vectorsc, e

During the period from June 1958 to September
1959, virus isolation was attempted from mosquitos
collected throughout the year. Three collecting
stations were established on the island, one at
Chungho village near Taipei (northern Taiwan),

d1 Hu, S. M. K. & Grayston, J. T. (1962) Amer. J. trop.
Med. Hyg., 11, 131-140.

e Wang, S. P., Grayston, J. T. & Hu, S. M. K. (1962)
Amer. J. trop. Med. Hyg., 11, 141-148.

one at Hsinsheh village near Taichung (central
Taiwan) and another one at Chaochow (southern
Taiwan). The latter two stations were established
some time after the first, and consequently mos-
quitos were collected through only one encephalitis
season in central and southern Taiwan. Over 100 000
Culex tritaeniorhynchus and more than 150 000
Culex fuscocephalus were tested in suckling mice.
Virus was isolated in 22 pools of the former from
northern Taiwan and one pool of the latter from
southern Taiwan. No virus was isolated from nine
other mosquito species tested. All isolates were
serologically the same and were identified as JEV.
It was therefore concluded that JEV is the sole
or, at any rate, the most important cause of " sum-
mer encephalitis " in Taiwan, and that C. tritaenio-
rhynchus is the most important vector of JEV,
at least in northern Taiwan. C. fuscocephalus was
easily the predominant culicine species in southern
Taiwan but the isolation of only one strain of virus
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from this species renders identification of the vector
in southern Taiwan uncertain.
Comparison of the dates of virus isolation from

Culex tritaeniorhynchus collected at Chungho village
and of the occurrence of encephalitis cases in the
Taipei area shows that positive virus isolations from
mosquito pools were usually concentrated over a
relatively short period of time (about four weeks)
and were not necessarily associated with mosquito
prevalence. In both the 1958 and 1959 epidemic
seasons the appearance of virus in Culex tritaenio-
rhynchus usually preceded by one or two weeks the
major onset of human cases, especially of those con-
firmed in the laboratory.

Further intensive studies on mosquito vectors in
Taiwan have been carried out by Captain H. S.
Hurlbut and his associates at NAMRU-2 and will be
published elsewhere.

Serological survey for JEV infection in human
subjects f-h
The conventional methods in serological survey-

neutralization (N), haemagglutination-inhibition
(HI), and complement-fixation (CF) tests with JEV
antigen-were all attempted in the early experiments.
It was learned that the CF test, which is so valuable
in the serodiagnosis of patients, was very discourag-
ing in the serological survey since none of 64 normal
adult sera tested in 1958 showed even a trace of CF
antibody, although the same group of sera were
nearly 100% positive for neutralizing antibody and
32% positive for HI antibody. This may reflect
the fact that CF antibody against JEV is short-
lived in comparison with the other two.
A serological survey was carried out among the

indigenous population in 1958. Some 99% (71/72)
of adult sera and 32% (38/120) of sera from 7-year-
old children collected from various parts of Taiwan
had neutralizing antibody against JEV. However,
the frequency of neutralizing antibody was low in the
population of the Pescadore Islands, and this is
reflected in a higher incidence of the disease in that
area for 1958-59. Similarly, a lesser frequency of
neutralizing antibody in children of the Yilan and
Miaoli areas is reflected in the higher incidences of
encephalitis in those areas in 1960 and 1962 res-
pectively.

f Wang, S. P. & Grayston, J. T. (1962) Amer. J. trop.
Med. Hyg., 11, 149-154.

g Chu, I. H. & Grayston, J. T. (1962) Amer. J. trop.
Med. Hyg., 11, 159-161.

h Hsieh, W. C., Wallace, C. K., Wang, S. P. & Rasmus-
sen, A. F. (1963) Amer. J. trop. Med. Hyg., 12, 413-416.

Children in a selected village (Chungho) of the
Taipei area were tested for neutralizing antibody
according to age-group in 1958. A rather stepwise
increase in antibody was observed with increasing
*age. When children reached the age of 15 years,
90% of them had acquired neutralizing antibody.
This makes the fact understandable that most
of the indigenous adult population in Taiwan has
acquired such antibody. This also reflected fairly
well the age distribution of cases in Taiwan in
1958.
The results of human antibody surveys with the

HI test against JEV are summarized in Table 2.
Among a total of 505 persons tested in the pre-
epidemic season of 1958, 172 had detectable HI
antibody-a positivity rate of 34.1 %. The great
majority of HI titres were 1: 80 or lower.

Several groups of human subjects have been
tested for subclinical infections during a single
epidemic season. These subjects were bled in series
and sera from each individual were simultaneously
tested for HI antibody against JEV. A fourfold or
greater increase of HI antibody was considered as
positive conversion of the antibody. Indigenous
children in Taipei (375 persons tested) and Makung
(70 persons tested) showed respectively 4% and 3%
conversion of HI antibody during the 1958 epidemic
season. American servicemen (adults), constituting
the non-indigenous population groups, showed 5 %
(of 155 persons) and 30 (of 220 persons) conversion
during their residence on Taiwan and Okinawa
respectively during 1959. An even higher rate of
positive conversion (20% of 261 persons) was found
for another series of American servicemen who spent
a single epidemic season in Okinawa during 1960.
There were no encephalitis cases in either area
among the subjects tested.
Some comments should be made on the 1960

survey of the Okinawa sera which gave the high
conversion rate of 200. There were 261 servicemen
in this study group who were bled in March immedi-
ately after their arrival on Okinawa and again in
July and December. There was only one person
with HI antibody to JEV in the March sera (titre
1: 10). Since these persons were also given yellow
fever vaccine during September-October, it was
suspected that the total conversion rate of 20%
based on March-July-December sera might have
been partially influenced by yellow fever vaccine.
However, since the majority of sera in July had
already shown conversion (15 %), a high conversion
rate still held true for this study group. The sera
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TABLE 2
RESULTS OF JEV ANTIBODY SURVEY WITH HI TEST AMONG INDIGENOUS

POPULATION OF TAIWAN, 1958 a

Population group No. No. with indicated HI titre: PositivePopulationgroup of sera
tested <1: 10 |1:10 1:20 1:40 |1:80 >1:160 No. %

Children (0-15 years), Taipei, 357 218 67 35 23 11 3 139 38.9
May

Children (6-11 years), Pesca- 70 68 2 0 0 0 0 2 2.9
dores, May

Adults (>15 years), Taiwan 64 43 9 5 5 2 0 21 32.8
proper

Adults (>15 years), Pescadores 14 4 3 2 3 2 0 10 71.4

Total 505 333 81 42 31 15 3 172 34.1
65.9 16.0 8.3 6.1 3.0 0.6

a Reproduced, by permission, from Green, I. J. et al. (1963) Amer. J. trop. Med. Hyg., 12, 668-674.

of the converted persons were also tested for HI
against St Louis encephalitis (SLE), West Nile
(WN), Dengue 2, Russian spring-summer encepha-
litis (RSSE), and 17D yellow fever (YF) virus
antigens. Unfortunately, we have failed to get
satisfactory HI results for YF with the 17D (vaccine)
strain; however, a generally broad reactivity of the

HI ANTIBODY TO GROUP

positive HI sera with JEV both before and after YF
vaccine was observed in comparison with the
rest of the tested antigens of the group B arbo-
viruses. A comparative serological study on 27
persons of the NAMRU-2 staff who received yellow
fever vaccine is summarized in Table 3. Most of
these people had been working in the virus laboratory

TABLE 3
B ARBOVIRUSES IN 27 MEMBERS OF NAMRU-2 STAFF WHO RECEIVED 17D

YELLOW FEVER VACCINE

Persons with
Time of No. No. with indicated HI titre: Posi- 4-fold or

Antigen serum of sera tive greater titre
sampling a tested ) increase

<1:10 1:10 1:20 1:40 1:80 1:160 1:320 1:640 1:1280>1:2560 No. %

A 27 9 4 4 5 4 - I - - - 67'
JEI

B 27 2 3 2 5 4 4 4 2 1 - 93 14 52

A 27 13 2 1 4 1 2 2 1 1 - 52

WNB 27 4 - 1 1 3 5 4 5 2 2 85 15 56

A 27 10 4 3 3 2 1 2 2 - - 63
SLE

B 27 3 - 3 - 5 4 6 2 1 2 89 15 56

A 27 18 1 - 3 3 1 1 - - - 33
Dengue 2

B 27 8 1 2 2 6 4 2 2 - - 70 13 48

A 27 18 2 2 1 3 1 - - - - 33
RSSE

B 27 '6 6 2 6 3 - 2 2 - - 78 11 41
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a A = Date of vaccination, 15 July 1961. B = One month after vaccination, 15 Auaust 1961.
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and at least 25 % of them were known to have
handled various group B arboviruses. In addition
to this, the vaccination was carried out in the midst
of the 1961 encephalitis season. A broad HI
reactivity of their sera both before and after vaccine
against the tested antigens of group B arboviruses is
apparent; a fourfold or greater increase in the HI
titre against each of these antigens was demonstrated
in 41 %-56% of the vaccines during the one-month
period, and this was most likely ascribable to the
influence of the vaccine.

Serological survey for JEV infection in animals and
birds i

Sera obtained from a variety of domestic and
wild animals and birds in Taiwan were tested for
N and/or HI antibody against JEV. HI antibody
to JEV was present in a very high percentage of
swine not only in Taiwan (83%) but also on the
Pescadore Islands (72%.) and Okinawa (90 %). HI
or N antibody was less frequently demonstrated in
all other species tested, but was present in a small
proportion of water buffaloes, rats, goats, bandi-
coots, herons, munia, bamboo chickens, domestic
chickens and rabbits.
The high proportion of infections of swine during

an epidemic season is illustrated by a survey of pigs
slaughtered on the Pescadore Islands and also in
Okinawa. The pig sera collected on the Pescadores
in January 1959, from animals experiencing the
epidemic season of 1958, showed higher N and HI
antibodies than those collected in April 1958. The
pig sera collected at Okinawa both in July 1959 and
August 1959 showed high frequencies of HI anti-
body; the average antibody titre was higher in
August.

i Wang, S. P., Grayston, J. T. & Chu, I. H. (1962) Amer.
J. trop. Med. Hyg., 11, 155-158.

The high rate of JEV infection among swine and
the large swine population (estimated at 3 200 000)
in Taiwan emphasize the potential significance of
these animals in the ecology of JEV.

Experiments inprophylaxis i

The high mortality from Japanese encephalitis
and the lack of effective methods for its treatment
led us to consider possible experimental approaches
to the therapy of this disease. Combined treatment
with JEV antiserum followed by exposure to
concentrated CO2 may facilitate entry of antibody
into the central nervous system (CNS) from the blood.

In preliminary experiments, it was found that a
significant proportion of mice was protected against
lethal infection with JEV when the combined
treatment was started on the fourth day after
intranasal virus inoculation and before onset of
evident disease. Antiserum alone was much less
effective. When the first treatment was delayed
until the fifth or sixth day, there was no protection.
Since most patients with JE are not seen by physicians
until one or more days after the onset of encephalitis,
this method may not be very promising for effective
therapy of the disease in man. On the other hand, the
experimental test was very rigorous. Natural
infection in man is usually silent, and the introduc-
tion of virus into the skin is followed by proliferation
of virus outside the CNS and is rarely followed by
CNS disease. Moreover, the susceptibility of
humans is much lower than that of mice, and the
majority of encephalitis patients may recover.
If so, this method of treatment may be more effective
in the human than in the experimental disease.
Further study of this combined therapy with an
experimental disease more like human arbovirus
encephalitis is desirable.

J Hsieh, W. C., Wang, S. P. & Rasmussen, A. F. (1963)
Proc. Soc. exp. Biol. (N. Y.), 112, 267.


