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Rates of Infection with Japanese Encephalitis Virus
of Two Culicine Species of Mosquito in Taiwan

TAKESHI OKUNO,' P. T. TSENG,2 S. Y. LIU,2 S. T. HSU 3 & C. T. HUANG 3

The role of Culex annulus as a Japanese-encephalitis (JE) vector has been drawing
increasing attention recently. In this small trial, the rate ofJE virus infection in C. annulus
was compared with that in C. tritaeniorhynchus summorosus in the north-western coastal
area of Taiwan, where both species are common as JE vectors. In order to increase
the recovery rate of the virus, the mosquitos were artificially incubated at 26-28°C for
10 days after collection. Two out of6 C. t. summorosus pools and 7 out of31 C. annulus
pools, collected during a 17-day period in June 1969, were positive for JE virus. The
results strongly suggest that one of the factors determining the severity of virus emergence
in Taiwan is the total density of both species during the critical period of emergence of
viraemic amplifiers: the relative prevalence of the two species of mosquito seems to be less
important.

Japanese encephalitis (JE) is a disease of public
health importance for children in Taiwan. Before
control operations were systematized, the morbidity
rate in children 4 years of age had risen to 32.77
per 100 000 (Taiwan Provincial Department of
Health, 1967). The first virus isolation from mos-
quitos in Taiwan was made from Culex tritaenio-
rhynchus summorosus caught in the vicinity of Taipei
in 1958 (Wang et al., 1962). Later it was suggested
that this species may have been confused with
Culex annulus, a closely related but distinct species
(Lien, 1962; Lien, personal communication). Further
ecological studies of JE vectors by Bravi (personal
communication, 1966), Cates & Detels (1969),
and Cates et al. (1969) have shown that C. annulus
is a more common vector of JE in Taiwan than
C. t. summorosus. Meanwhile, Reuben (1969) sug-
gested on taxonomic grounds that C. vishnui was
identical with C. annulus.

In the summer of 1969, a small field trial was
undertaken at Chunan Township in the north-
western coastal area of Taiwan. The purpose of
this trial was to compare the rate of JE virus in-
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fection of C. annulus and C. t. summorosus under
specified conditions.

MATERIALS AND METHODS

Mosquito collection site
The Chunan mosquito collection station is

located in Haikou-li village (latitude 240 40' N;
longitude 120° 55' E), 25 km south of Hsinchu
City. The main crop of the area is rice and the
paddies are usually flooded during July-August
for the planting of the second rice crop. The sur-
rounding area within a radius of 0.5 km contained'
1172 domesticated swine and 80 domesticated cattle.
Of the swine, at least 329 were born after the pre-
ceding epidemic season of JE.

Collection of mosquitos
From the beginning of June to the end of August

1969, adult mosquitos were collected in 4 New
Jersey-type light-traps for 3 consecutive nights
each week. The light-traps were set near the swine-
or cattle sheds, no two light-traps being more than!
600 m apart.

Artificial incubation of collected mosquitos
Approximately half of the trap-collected mosquitos-

were transferred into a special room for incubation
at a temperature of 26-280C and a relative humidity
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of 68-78% for 10-12 days, achieved by means of Reference JE antiserum
an air conditioner and wet towels placed around The antiserum for the complement fixation
the mosquito cages. The mosquitos were fed with (CF) test was prepared in mice of the JaGAr 01
5 % sucrose solution. The death rate during the strain (Okuno et al., 1968). Mice were vaccinated
period of incubation was 10-40% and varied with 5 times intraperitoneally with various doses of live
the species. viruses. Pooled blood was obtained 1 week after

Processing of mosquitos for pools the 5th vaccination and the serum was stored at
After the period of incubation, mosquitos were - 20°C until use.

identified under chloroform anaesthesia. Only Immunological identification by complement fixation
morphologically typical female C. annulus and
C. t. summorosus were chosen and these were As detailed studies for antigenic analysis of the
pooled in lots of about 100 individuals. Each pool isolates are in progress, a simplified complement
of mosquitos was put in a glass tube, which was then fixation (CF) test was employed for immunological
rubber-stoppered; the pools were sent weekly to identification. A grid titration between the reference
the virus laboratory in a jar with dry ice. serum and each antigen was carried out on Micro-

titer trays (Sever, 1962). Drops of two-fold serial
Virus isolation dilutions of both the serum and the SA antigens,
Before processing, the tubes containing the ranging from 1: 4 to 1: 512, were distributed into

mosquito pools were kept at -60°C. Each pool the wells: to each well 1.7-2.5 units of complement
of mosquitos was ground in a mortar with a pestle were added. The trays were held overnight at
and then diluted with 2 ml of M/150 phosphate- 4°C, after which 2 drops of a 2.5% suspension of
buffered saline supplemented with bovine plasma sheep erythrocytes mixed with 25 units of haemo-
albumin, at a concentration of 0.75%, penicillin lysin were added. End-points of the CF test were
(500 IU/ml), and streptomycin (500 ,ug/ml). The taken as the highest dilution of either serum or
resulting homogenate was centrifuged at 3000 rev/ antigen that showed 25% or less haemolysis after
min for 30 min to remove coarse debris. The incubation for 30 min at 37°C. A homologous
supematant was saved and inoculated intracere- JaGAr 01 strain SA antigen and a normal SA
brally in 0.02-ml doses into 3-4-day-old suckling antigen served as controls. Those that showed
mice obtained from an inbred colony from the a CF value comparable with the positive control
Provincial Taiwan Serum and Vaccine Laboratory. were identified as JE.
Whenever necessary, the bacteriological sterility
of the inoculum was checked on 2 tubes of thio- RESULTS
glycolate medium. The inoculated mice were ob-
served for 10 days. When the mice showed symp- Seasonal prevalence curves for adult C. annulus and
toms, their brains were harvested and reinoculated C. t. summorosus at the study site
into several litters of suckling mice. When the 2nd
passage was successful, brains were again harvested In this report, only the prevalence of adult
for virus identification. culicine mosquitos is described. Seasonal pre-

valence curves for each species are presented in
Haemagglutination (HA) test of the antigen from the accompanying figure. Throughout the entire
new isolates 3-month period in the summer of 1969, the density
The purpose of the HA test was to see if the of C. t. summorosus was found to be lower than

harvest from the 2nd passage yielded the HA pat- that of C. annulus. This tendency was already
tern characteristic of group-B arboviruses. A marked in June when 10 times more C. annulus
batch of antigen was prepared for each isolate by were collected per week than C. t. summorosus.
sucrose-acetone extraction (SA antigen) according The density of C. annulus started to rise at the
to the method of Clarke & Casals (1958). The HA beginning of July, reached a peak of 6 600 per week
test was carried out employing goose erythrocytes at the end of July, and subsequently declined
and virus adjusting diluent at 6 different pH values, rather sharply. The density of C. t. summorosus
following the method used by the above authors with was also at a peak at the end of July, but this
some slight modifications (Okuno et al., 1961). The species was present in much smaller numbers than
antigens were lyophilized for storage. C. annulus.
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Seasonal prevalence of 2 culicine species of mosquito (shown as 3-week moving averages) and their infection
with Japanese encephalitis virus in the Chunan study area in 1969. Stippled columns = no. tested; areas with
diagonal shading = no. virus positive

Table 1. Haemagglutination characteristics of antigens prepared
from 9 JE-positive isolates

Haemagglutination
Strain no. Source Date collected Optimum

OpHimumge Titre

TaiAr 1269 C. annulus 10-12 June 6.4-6.8 12 800-25 600

TaiAr 1569 C. annulus 10-12 June 6.4-6.8 12 800-25 600

TaiAr 2269 C. annulus 10-12 June 6.4-6.8 12 800-25 600

TaiAr 2669 C. annulus 17-19 June 6.4-6.8 12 800-25 600

TaiAr 2869 C. annulus 17-19 June 6.4-6.8 12 800-25 600

TaiAr 3069 C. annulus 17-19 June 6.4-6.8 12 800-25 600

TaiAr 3769 C. t. summorosus 17-19 June 6.6-6.8 6 400

TaiAr 3869 C. t. summorosus 24-26 June 6.4.-6.6 12 800-25 600

TaiAr 4169 C. annulus 24-26 June 6.4-6.6 12 800



602 T. OKUNO AND OTHERS

Virus isolation from mosquito pools Valley encephalitis virus, which is the closest
The number of mosquito pools tested for virus relative to JE virus (Okuno et al., 1968).

isolation is shown in the accompanying figure; DISCUSSION
this number does not necessarily run parallel with
the density curves. Positive isolations were re- Firstly, the reason must be given for incubating
corded only among the mosquitos collected during the mosquitos for 10 days before virus isolation.
a 17-day period from 10 June to 26 June. During As will be reported separately, similar trials with
the above period, 2 out of 6 pools of C. t. summorosus a 2-day incubation period were made in the summer
and 7 out of 31 pools of C. annulus yielded viruses of 1968. For an unknown reason, despite the testing
that were later identified as JE. Infection of vector of 192 pools of the culicine mosquitos collected
mosquitos apparently started a week earlier for during June and July, only 1 pool yielded the
C. annulus than for C. t. summorosus. For both virus. This frequency of mosquito infection seemed
species, no more virus infection was found after the to be too low in view of the mass infection of
last week of June. swine observed at that time in the area surrounding

the mosquito collection stations. The reported
HA characteristics of the 9 isolates incidence of JE in man for the hsien (counties)
Table 1 shows the results of HA tests carried out in which mosquitos were collected was 5.03-6.48 per

with the 9 antigens. The range of the maximum 100 000 population, thus indicating that the JE
HA titre was 1: 6400-1: 25 600. For most of the epidemic was not particularly small in 1968. The
isolates the optimum pH was 6.4-6.8. 10-day incubation period was adopted in this study

in order to obtain more efficient virus recovery.
Iderentsuationbyathe CF test giveninTable2

In the meantime, Karaki & Maeda (1968) have
The results of a CF test are given in Table 2. reported that JE antibody could remain positive

The titres between the reference serum and eachof in the body of a mosquito for at least 2 days when
the SA antigens prepared from the 9 HA-positive the mosquito was fed with chick blood that contained
isolates appear to be extremely similar. Though a large amount of antibody. It should be remembered
neither a neutralization test nor a haemagglutination- that in previous JE studies in Taiwan (Hu& Grayston,
inhibition test was carried out, the evidence justi- 1962; Wang et al., 1962) mosquitos were kept alive
fies the identification of all of these isolates as JE, for a week at 70°F (21°C) to allow adequate time
as it has been established that a grid CF test of for digestion ofthe bloodmeal, so that any antibody
this kind clearly distinguishes even the Murray in the fresh blood would not interfere with virus

multiplication; consequently, an infection rate as
high as 25% was obtained with 50 C. t. summorosus

Table 2. Complement-fixation test titres of antigens per pool. Although in earlier studies in Japan,
from 9 HA-positive isolates Buescher et al. (1959) reported a high infection

Strain no. Serum titre/antigen titre rate for C. t. summorosus that was pooled after a
2-day incubation period, a longer incubation period
would have been better, particularly in an area

JaGar 01 64/128 in which a high proportion of animals was immune
TaiAr 1269 64/128 to JE virus in the pre-emergence season. As this
TaiAr 1569 64/128 is true of Taiwan, partly because of a slower turnover
TaiAr 2269 64/128 of the swine population than in Japan, the method

chosen by Hu & Grayston is to be recommended.TaiAr 2669 64/64 On the other hand, the growth of JE virus in the
TaiAr 2869 64/64 body of C. t. summorosus at 28°C has been known
TaiAr 3069 64/128 to reach a plateau approximately 10 days after
TaiAr 3769 64/64 infection (Takahashi, 1967). Therefore, a 10-day
TaiAr 3869 64/64 period of incubation of infected culicine mosquitos

is recommended not only to reduce the antibodyTaiAr 4169 64/32 level but also to provide an extra period of incu-
Normal brain antigen <4/<4 bation for subsequent virus growth in order to

secure efficient recovery of the virus.
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Isolation of JE virus from C. annulus has been
reported by a number of investigators in Taiwan
(Bravi, unpublished data, 1966; Cates et al., 1969;
Cates & Detels, 1969). However, no quantitative
comparisons of infection rates for the 2 culicine
species have been reported previously. The results
obtained in the present trial clearly indicate that
both species of mosquito can be infected at about
the same time of year and at similar rates.

In this study area, the total density of both species
of mosquito seemed to influence virus emergence
more than the prevalence of one species or the
other. In other words, the vectorial capacity for

JE virus of both species may be considered similar,
provided that their capacity to transmit the virus,
their survival rate, and their host preference do not
differ in nature: further studies are needed to clarify
these points. Although the virus has also been isolated
from C. fuscocephalus the infection rate was far
lower (Wang et al., 1962) and this species showed an
overwhelming preference for water buffalo (Taiwan
Provincial Department of Health, 1967). It can
therefore be said that C. annulus plays a major role
as a vector of JE throughout Taiwan, except for
the Taipei area, where C. t. summorosus is still
dominant.
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RJESUM1E

TAUX D'INFECTION PAR LE VIRUS DE L'ENCEPHALITE JAPONAISE
DE DEUX ESPECES DE CULICINES A TAIWAN

A Taiwan, le virus de l'encephalite japonaise (JE) a ete
isoIl as partir de trois especes de culicines: Culex tritaenio-
rhynchus summorosus, C. annulus et C. fuscocephalus, ce
demier etant beaucoup moins souvent infecte que les deux
autres. Sauf dans la region septentrionale de l'ile, la den-
site de C. annulus est en general superieure a celle de
C. t. summorosus.
En juin, juillet et aouit 1969, on a entrepris une enquete

limitee dans la region c6tiere du nord-ouest de Taiwan
afin d'etudier comparativement les taux d'infection par le
virus JE des deux principaux vecteurs. Les moustiques,
captures it l'aide de pieges a lumiere, ont ete mis en
incubation pendant 10-12 jours 'a la temperature de
26-28°C, le taux d'humidite relative etant de 68-78 %. Ils
ont ensuite ete repartis en lots d'environ 100 specimens
de meme espece; apres broyage, ils ont fourni un homo-

g6nat qui a ete injecte par voie intracerebrale A des souri-
ceaux non sevres. On a recolte finalement 9 isolats qui ont
ete reconnus en epreuves d'inhibition de l'hemagglutina-
tion et de fixation du complement comme renfermant
I'antigene JE.

Au cours des trois mois d'investigations, des mousti-
ques infectes n'ont ete captures que pendant une periode
de 17 jours, du 10 au 26 juin. L'infection de C. annulus
(7 lots positifs sur 31) a ete decel6e une semaine avant
celle de C. t. summorosus (2 lots positifs sur 6).

D'apres ces resultats, les deux especes paraissent
temoigner d'une aptitude vectorielle equivalente en ce qui
regarde le virus JE. L'intensite de la circulation du virus
semble fonction de la densite globale des deux vecteurs
plutot que de la predominance de l'un sur l'autre.
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