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Ecological studies on Culex tritaeniorhynchus
as a vector of Japanese encephalitis
L. S. SELF,1 H. K. SHIN,2 K. H. KIM,3 K. W. LEE,2 C. Y. CHOW,4 & H. K. HONG 2

In the Republic of Korea, light-trap assessments and collections from cows and pigs
after sunset were highly successful in monitoring the seasonal abundance of C. tritaenior-
hynchus, the primary vector of Japanese encephalitis. The dates and duration of the
population peaks at semirural suburbs of Seoul and Pusan were markedly different from
those at a rural rice-growing site. The main breeding sites in these three areas were,
respectively, swamps, marshes, and ricefields. The overall adult densities were the lowest
at the rice-growing site where agricultural pesticides were extensively used. A short period
of man-vector contact occurred at each study site at low densities when the natural popula-
tion was at its peak. These vector monitoring techniques, coupled with information on
antibodies in swine, represent a simple but valuable surveillance system.

In the Republic of Korea, the WHO Japanese
Encephalitis Vector Research Unit has performed
formal studies on the ecology of Culex tritaeniorhyn-
chus summorosus, the primary vector of Japanese
encephalitis in Korea, during the entire growing
season in three localities typifying the north, south,
and central parts of the county.
Korea is a densely populated mountainous penin-

sula, and its limited arable land is being altered con-
stantly by new factory, road, and house construction.
As Self et al. (unpublished report to WHO, 1971)
have observed, certain habitats suitable for vector
breeding, such as ricefields, now receive greater
quantities of insecticide; and other measures designed
to increase rice production include more frequent
drainage and flooding, which are also hazardous to
larvae during the short growing season. Hence, the
flat rice plains of the Cholla provinces, the focus
of human JE infection in past years (Kono & Kim,
1969), were found to have low vector densities and
few human cases in 1969 and 1970. Therefore, popu-
lation densities of C. tritaeniorhynchus, C. pipiens
pallens, Aedes vexans, and Anopheles sinensis,
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were investigated from May to September 1971
at three selected study sites. The area of Sintaein,
215 km south of Seoul and 38 km east of the Yellow
Sea, is mainly flat and contains many irrigated
fields of rice grown under intensive agricultural
procedures. The study sites at Pusan and Seoul were
located in semirural suburbs called Sasang and
Yeungdungpo. Collections of mosquitos were nor-
mally made more than once a week by at least
three scouts and one entomologist in each area.

METHODS

Light traps
Normally, one or more Yoshizawa black-light

traps were operated within 10 m of cow or pig
shelters overnight from 19hOO to 08hOO. These
shelters occurred close to human dwellings and
represented suitable collecting sites (Ree et al., 1969).
At Pusan, Sintaein, and Seoul the traps were oper-
ated on 85, 82, and 64 nights, respectively.

Animal bait
Adult collections were made during a 1-hour

period immediately following sunset. Pigs were used
for about one-third of the collections, but cows
(located in the vicinity of pigs), were preferred
because they yielded larger numbers, the correlation
being good between the numbers on cow and pig
on different days. Unfed and engorged females were
removed by sucking tube, placed in cloth bags
(12 cm long) supported on cylindrical wire frames,
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and identified the next morning. At Pusan, Sintaein,
and Seoul, the total man-hours for the cow-bait
collections were 82, 113, and 75, respectively.

Human bait
The 1-hour collections were made immediately

after sunset, outdoors and indoors, using aspirator
tubes and flashlights. The total man-hours of col-
lecting at Pusan, Sintaein, and Seoul were 33, 82,
and 102, respecively.

Precipitin tests

Engorged females of C. tritaeniorhynchus (735)
were smeared on filter paper and sent by air mail
to Ascot, England, for assessment. At Pusan, 539
blood smears were obtained between 5 and 25 August,
73% of the specimens being derived from light traps.
At Sintaein, 100 smears were obtained between
18 June and 18 August; 47% of the specimens were

collected from vegetation. At Seoul, 96 smears were
obtained from specimens collected from light traps
between 11 and 27 September.

Collection of larvae
Ricefields were routinely examined with short-

handled dippers 10.5 cm in diameter. The larvae
found were placed either in plastic bottles or some-
times in buckets, and identified and counted in the
laboratory. The results are expressed as the numbers
of late-instar larvae and pupae collected per man-

huor. The total man-hours for the ricefield collec-
tions at Pusan, Sintaein, and Seoul were 40, 163,

and 48, respectively. The man-hours for collections
in other breeding sites in the three areas were

respectively 130, 106, and 209.

Swine infection
From late June to late August, blood samples

obtained from slaughterhouses were assessed by the
Department of Virology at the National Institute of
Health at Seoul. The chilled specimens were nor-

mally transported to NIH by aircraft or train.
The haemagglutination inhibition (HI) test mea-

sured the antibody titre of the blood specimens,
indicating whether there had been a previous infec-
tion with JE virus. At Seoul, about 25 animals
(average age 7 months) were bled weekly. At Pusan
and Sintaein only about half this number was

obtained.

RESULTS

The first adult females of C. tritaeniorhynchus were
collected by light trap at Pusan on 26 May and
off cow bait at Sintaein on 27 May. At Seoul, the
first female was not collected until 9 July.

Light-trap collections
The average numbers collected per trap-night were

295 at Pusan, 39 at Sintaein, and 46 at Seoul. From
the fortnightly averages (Table 1) it is seen that at
Pusan the densities were high in August and most
of September. A lower peak of short duration
occurred in mid-July at Sintaein. At Seoul appre-

Table 1. Fortnightly average numbers a of female C. tritaeniorhynchus collected in light traps and off cow bait

Area 29 12 26 10 24 7 21 4 18 30
Area May June June July July Aug. Aug. Sept. Sept. Sept.

light traps b

Pusan 0.3 2 3 15 124 658 764 993 539 124
(12) (10) (11) (6) (14) (11) (10) (7) (2) (2)

Sintaein 0 0.1 1 56 395 34 28 16 2 1
(12) (7) (7) (5) (6) (6) (6) (10) (13) (10)

Seoul 0 0 0 1 3 70 83 146 90 83
(8) (9) (10) (3) (4) (6) (3) (8) (6) (7)

cow bait c

Pusan 0.4 0.3 9 125 236 394 354 181 245 138
(15) (8) (8) (2) (8) (15) (17) (4) (3) (2)

Sintaein 0.1 0.1 4 39 68 39 14 6 1 0.8
(1 0) (12) (9) (1 0) (9) (12) (12) (15) (12) (12)

Seoul 0 0 0 0 1 13 22 39 73 21
(4) (8) (7) (8) (8) (16) (8) (7) (5) (4)

a Average for the fortnight ending on the date shown.
b Data refer to average no. of females per trap night. In parentheses, no. of trap nights.
c Data refer to average number of females per man-hour collected during 1 hour after sunset. In parentheses, no. of man-hours.
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ciable numbers were collected throughout August
and September, although densities were about one-

seventh those at Pusan. By 30 September C. tri-
taeniorhynchus had practically disappeared at Sin-
taein but not at Pusan and Seoul.
When the monthly light-trap captures of C. pipiens,

Ae. vexans, and An. sinensis are compared with those
of C. tritaeniorhynchus (Table 2) it is seen that at
Pusan C. tritaeniorhynchus represented about 90%
of the total in August and September. C. pipiens
was dominant in May and June, and high popula-
tions of An. sinensis occurred only during July and
August; Ae. vexans occurred at Pusan only at low
population levels. At Sintaein, C. tritaeniorhynchus
was never more numerous than An. sinensis, repre-

senting 38% of the total captures in July. At Seoul,
Ae. vexans was clearly dominant in June, July, and
August, although C. tritaeniorhynchus represented
47% of the total captures in September. The catches
of An. sinensis during August and September were

highest at Seoul, and it is noteworthy that human

vivax malaria exists primarily in the northern part
of the Republic.

Animal-bait collections
The average numbers of female C. tritaeniorhyn-

chus collected per man-hour were 194 at Pusan, 16
at Sintaein, and 16 at Seoul. The seasonal abundance
of C. tritaeniorhynchus (Table 1) as assessed by cow

bait was similar to that assessed by light traps.
At Pusan, the peak in light traps did not occur until
about 3 weeks after the peak on cows. Except at
Sintaein, the peak density on cows exceeded that
on pigs, and both peaks occurred at about the
same time.
Whereas C. tritaeniorhynchus was captured in large

numbers from both cow bait and light traps, C. pi-
piens and Ae. vexans were not, with the exception
of Ae. vexans at Seoul during June (Table 2). At
Pusan, C. tritaeniorhynchus represented 87-91 % of
the total captures off cow from July to September.
At Seoul, the comparable figures for August and

Table 2. Monthly average numbers of adult mosquitos of 4 species collected in light traps and off cow bait

Light traps a Total Cow bait b Total
Month C. tritaenio- C. Aedes An. trap C. tritaenio- C. Aedes An. hours

rhynchus c ppiens vexans snensis nigs rhynchus c pipiens vexans sinensis

Pusan

May 0.3 (1.6) 7 11 0.2 12 0.4 (10.8) 0.2 3 0.1 15

June 1 (0.95) 85 15 4 22 4 (14.8) 17 5 1 17

July 110 (21.9) 191 4 197 21 416 (87.2) 17 2 41 9

Aug. 775 (83.8) 18 2 130 20 320 (89.6) 2 2 14 18

Sept. 401 (93.6) 27 0.3 0.2 8 188 (91.7) 15 0 2 8

Sintaein

May 0 (0) 3 0.1 0.4 12 0.1 (1.2) 0 5 3 10

June 3 (30.3) 40 9 47 15 17 (10.7) 0.4 40 101 22

July 258 (38.1) 15 2 401 14 60 (27.1) 0 4 157 24

Aug. 25 (25.4) 7 0.4 66 16 17 (29.2) 0 0.2 41 29

Sept. 2 (12.4) 3 0.1 11 25 1 (5.8) 0.2 0.1 16 28

Seoul

May 0 (0) 2 6 1 8 0 (0) 0 2 0.3 4

June 0 (0) 8 187 2 20 0 (0) 1 118 1 16

July 16 (25.7) 45 512 50 8 1 (4.2) 4 18 1 24

Aug. 99 (13.2) 40 349 260 8 27 (56.3) 6 7 8 16

Sept. 84 (47.2) 51 1 42 20 64 (67.3) 16 3 12 15

a Data refer to average no. of females per trap night.
b Data refer to average no. of females per man-hour collected during 1 hour after sunset.
c In parentheses, percentage of the total mosquito catch represented by this species.
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September were 56% and 67 %, respectively. At
Sintaein, the close relationship between population
levels of C. tritaeniorhynchus and An. sinensis is equal-
ly apparent from the cow-bait and light-trap data.

Human-bait collections
The numbers collected were essentially the same

outdoors in front of a house, or " indoors " in an
open room adjacent to the verandah, and therefore
the data are combined for these two collecting situa-
tions (Table 3). At Pusan C. tritaeniorhynchus was
collected on four occasions, covering a 17-day period
from 24 August to 9 September. No tests were made
between 17 July and 23 August or after 9 September.
During the above period, C. tritaeniorhynchus was
the dominant species on man, with a peak density
of 7.8 per man-hour occurring on 24 August. In July,
the average number per man-hour for C. pipiens was
67.5, as contrasted with 1.3 in late August and early
September. It is certainly possible that an aerial
ULV (ultra-low-volume) application of malathion
on 7 August was partly responsible for this sustained
low density of C. pipiens.
At Sintaein, C. tritaeniorhynchus was collected

only on 14 and 21 July, the average density being
0.6 per man-hour. Ree et al. (1969) in August 1966
found the biting rate of C. tritaeniorhynchus to be
0.7 per man-hour, i.e., 7.2 per man-night. In August
and September, mosquitos were seldom found on
man, and densities even of C. pipiens at the Kusadong
study village were always very low or zero from
June to September. An. sinensis was collected in
appreciable numbers only on 8 and 21 July (14.75
per man-hour), and it is noteworthy that malaria is
rare in the rice belt despite high anopheline popula-
tions that occasionally bite man.
At Seoul, C. tritaeniorhynchus was collected on

three occasions between 9 and 22 September in
numbers slightly higher than the July peak at
Sintaein. It is likely that positive human bait collec-
tions also could have been made at Pusan during
the latter part of September. Ae. vexans was col-
lected off humans only at Seoul, and only at very
low densities during June and July, when a few
suspected cases of encephalitis sometimes occur.

Precipitin tests
The test results for the 735 engorged females of

C. tritaeniorhynchus indicated that 437 (59.5%) had
fed on pigs, 271 (36.9%) on cows, 14 (1.9%) on
unidentified mammals, 7 (1.0%) on dogs, and 5 on
horses; only 1 smear was negative but not of avian

or human origin. It is noteworthy that very few
females had fed on pigs at Seoul and that even dogs
attracted more mosquitos.

Collections of larvae
At Pusan, located in the Nak Tong river delta

close to the East Sea, C. tritaeniorhynchus larvae
were common in July in ricefields, marshes, parsley
fields, ground pools, and ditches (Table 4). In August,
a marked decline in ricefield breeding coincided with
a tremendous increase in marsh breeding. The exami-
nation of 27 marsh areas in August yielded an
average of 591 larvae per man-hour, one of these
sites yielding approximately 600 late-instar larvae
per dip on 18 August. Breeding was sometimes
intense on the edges of marshes, particularly where,
in the absence of fish, garbage and refuse had
accumulated. High C. tritaeniorhynchus densities
also occurred in parsley fields, but such habitats
were few and these alone could not have accounted
for the high adult population. In early August,
5 700 C. pipiens larvae were collected in one pol-
luted ground pool near a pigsty, but by late August
this habitat was occupied solely by C. tritaenior-
hynchus.
At Sintaein, appreciable ricefield breeding of C. tri-

taeniorhynchus larvae was detected only in July.
Here, the rise and fall of breeding in ricefields, which
receive frequent applications of pesticides in addi-
tion to drainage and flooding, coincided with trends
in the adult population, including those of An. sinen-
sis. By August, breeding occurred primarily in
parsley fields and ground pools, but such sources
were few. In late August, one pool yielded 590
C. tritaeniorhynchus larvae and 150 C. pipiens larvae;
however, many other pools were negative. On 10 Sep-
tember, when many dense ricefields were dry, 2 col-
lectors obtained in 1 hour from 1 parsley field
200 late-instar larvae of C. tritaeniorhynchus, along
with 101 C. pipiens and 67 An. sinensis larvae. Appre-
ciable numbers of C. tritaeniorhynchus larvae were
still being found in parsley fields in late September.
At Seoul, C. tritaeniorhynchus larvae were not

collected in appreciable numbers until August.
C. pipiens larvae attained high densities in night-soil
pits in June and July. By September, the upland
ricefields were mainly dry, and rainfall was quickly
absorbed by the soil and the plants. The villagers
used the small rice yield, which was partly determined
by rainfall, mainly for home consumption. In Sep-
tember, the lowland swamps near the highway were
an abundant source of larvae. Over 80% of those
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collected were C. tritaeniorhynchus, while 14% were
An. sinensis. Every one of the collections made on
12 different days yielded C. tritaeniorhynchus larvae.
The highest density (400 per man-hour) occurred
on 27 September, and adults emerged from these
sites until late October.

Swine infection
High antibody conversion rates occurred in all

areas by 1 September, with some of the titres being
1: 640. These rates reached 92% at Seoul and 100%
at Pusan and Sintaein. The approximate date on
which 50% of the bled animals became positive was
20 August in all three areas. It was also found that
25 pools of C. tritaeniorhynchus, representing 1 900
specimens, were negative for virus. It is noteworthy
that high conversion rates in slaughterhouse swine
at Sintaein did not occur until after the numbers
of adult C. tritaeniorhynchus had already sharply
declined.

DISCUSSION AND CONCLUSIONS

This investigation included the semirural environ-
ments close to the major cities of Korea because
rural rice-growing areas in recent years have had
low population densities of C. tritaeniorhynchus and
few cases of human Japanese encephalitis. Industry
and agriculture are developing rapidly in Korea,
and the findings presented herein must be viewed
in relation to further expected alterations in the
environment.
The population peak at Sintaein, situated in the

heart of the Korean rice belt, occurred about mid-
July, but about 2 months later at Seoul. At Pusan,
the adult densities from May to September were
about 10 times those at Seoul and Sintaein, and the
population peak was of longer duration, occurring
from late July to mid-September. These marked
differences in dates and duration of population
peak may permit appropriate timing of vector con-
trol, since JE outbreaks may occur in the north
at much later dates than in the south.

Collections of C. tritaeniorhynchus made at each
study area in light traps placed within 10 m of cow
and pig shelters were reliable and convenient for
assessing natural populations at any level of density.
Collections from the cows employed to work the
ricefields were equally effective in monitoring
population trends. Investigations in poor or devel-
oping sections of towns or cities normally have
shown C. pipiens to be the dominant species, and
only a very few C. tritaeniorhynchus females are
collected.

Few adults of C. tritaeniorhynchus came to human
bait even during the period when the natural popula-
tion was at its peak. The durations of peak popula-
tion varied according to the locality, and the risk
of human infection appeared to be greater at Pusan
and Seoul than at Sintaein. Whereas the pig and
cow biting occurred routinely for 3 months or
longer, positive human-bait collections were recorded
at Sintaein only between 14 and 21 July, at Seoul
from 9 to 22 September, and at Pusan from 24 August
to 9 September, although the period of man-
mosquito contact at Pusan may have been longer
because tests were interrupted and terminated early.
At Seoul, Ae. vexans was found to bite man at
extremely low densities in June and July.
The main breeding sites contributing to peak

C. tritaeniorhynchus adult densities at Pusan, Sin-
taein, and Seoul were evidently marshes, ricefields,
and swamps, respectively. The sustained high den-
sities of adults at the Pusan study area were undoubt-
edly due to the presence of numerous stable marsh
habitats. At Sintaein there is a threat of an ultimate
return ofmuch higher densities of C. tritaeniorhynchus
through changes in rice cultural practices or the
development in vectors of resistance to the organo-
phosphorous insecticides that are applied heavily
to rice.
The blood of slaughterhouse swine was found to

contain antibodies for JE virus, and the haemag-
glutination inhibition (HI) test showed high con-
version rates (92-100%) in all areas by 1 September.
Apparently, the virus did not circulate in the major-
ity of swine until the second half of August, and
this fact may have helped to make 1971 a non-
epidemic year. It is clear that the pig serves as an
amplifier host of the virus in Korea, and the preci-
pitin test results of 735 engorged females of C. tri-
taeniorhynchus showed that more than half had
fed on pigs and slightly more than one-third on
cows.
There is no surveillance system yet capable of

predicting an imminent epidemic of encephalitis.
However, the year-by-year monitoring of vector
density by light-trap and cow-bait collections, coupled
with information showing approximate dates of
swine viraemia, should eventually prove to be of
practical value. Surveillance techniques that have
been demonstrated in several localities in Korea
indicate that an epidemic of Japanese encephalitis
can be identified in its early stages. To combat
widespread epidemics, large-scale aerial ULV insec-
ticidal treatments have proved successful in Korea.
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RxtSUMIt
ETUDES ECOLOGIQUES SUR CULEX TRITAENIORHYNCHUS EN TANT QUE VECTEUR

DE L'ENC1PHALITE JAPONAISE

En 1971, l'unite OMS de recherche sur les vecteurs de
l'enc6phalite japonaise, a Seoul, a poursuivi ses etudes
sur l'ecologie de Culex tritaeniorhynchus, principal vec-
teur de la maladie en Republique de Coree.
L'epoque et la duree des pics dans la population du

vecteur dans les faubourgs semi-ruraux de Seoul et de
Pusan 6taient tres differentes de celles observ&es dans les
zones rurales. On a constate que les pieges lumineux
installes a proximite des etables a bovins et des porcheries
etaient tres utiles et commodes pour d6terminer la densite
des populations du vecteur et ses fluctuations saison-
nieres. Les captures effectuees sur les bovins travaillant
dans les petites plantations de riz pres des villes ou dans
les rizieres des zones rurales se sont revelees un moyen
tres efficace de surveillance des populations de C. tri-
taeniorhynchus.

Les principaux gites larvaires responsables des clochers
de reproduction des vecteurs A Pusan, Seoul et dans les

secteurs ruraux etaient represent6s respectivement par les
marais et par les rizieres. L'6preuve des precipitines prati-
quee sur 735 repas de sang de femelles de C. tritaeniorhyn-
chus a montr6 que 437 (59,5%) d'entre eux avaient 6td
preleves sur des porcs, 271 (36,9%O) sur des bovins,
14 (1,9%) sur des especes indeterminees, 7 (1,0)O sur des
chiens et 5 sur des chevaux. Dans les endroits A faible
densite de vecteurs, les contacts entre ces derniers et
l'homme n'ont lieu que pendant une courte periode, au
moment des clochers de pullulation.
On a decele des anticorps pour le virus de l'encephalite

japonaise chez la plupart (92-100%) des porcs examin6s
dans les abattoirs, dans chaque region, au d6but de
septembre.

Ces methodes d'evaluation des populations de vecteurs,
associees A la collecte de donnees sur la pr6sence d'anti-
corps specifiques chez le porc, constituent un systeme
simple et efficace de surveillance.
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