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INTRODUCTION

In 1969, the first large epidemic of Japan-
ese encephalitis (JE) occurred in Chiang Mai
area and other areas in northern Thailand
(Yamada et al.. 1971). At present, the dis-
ease has been reported every year and has
become one of the leading causes of death
and/or disability due to an infectious disease
in Thailand. From studies on the first and
following outbreaks, virus isolation with
some other epidemiological studies were
performed by many groups of investigators
(Grossman et al.. 1973a; b; ¢; Gould et al..
1974; Johnsen et al.. 1974; lgarashi et al..
1983a; b; Uzuka et al.. 1983; Fujita et al..
1983; Fukunaga et al.. 1983; Ogata et al..
1983; Mori et al.. 1983). It can be concluded
that the epidemic occurs in early rainy sea-
son. Cases can be found throughout the year,
but start to increase in June and reach a peak
in July and then decline in August. The north-
ern region is the area of highest incidence,
and to a lesser extent the north-eastern,
central, and southern regions, respectively.
The etiological cause was JE virus, which is
very similar to the strain which caused epi-
demics in Japan and Taiwan. Children under
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15 years of age are the main victims. Three
species of Culex mosquitoes, Cx. tritaenio-
rhynchus. Cx. gelidus, and Cx. fuscocephala,
are the vectors of the disease. Pigs serve as
major amplifying hosts.

At present there is no definite programme
for JE control in Thailand. Health education,
and instruction on insecticide spraying have
been undertaken occasionally in places
where frequent outbreaks have occurred.
Some field trials of JE vaccine have been
conducted in Chiang Mai (Fukunaga et al..
1974) with satisfactory results, but future
expansion of a vaccination programme to
cover the high risk population has not yet
been undertaken.

Although much of epidemiological and
virological data were obtained from the pre-
vious studies, ecological and biological data
of JE vectors, both in laboratory and in field,
are not so extensive. Moreover, the abund-
ance of rice fields, the major breeding places
of the vectors, present a difficult problem for
the control of JE in Thailand.

The present study provided some basic
ecological and biological information essen-
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tial to understanding the JE vector status of
Amphoe Muang, Chiang Mai, during Feb-
ruary 1987 to January 1988. Attempts
were made to learn their seasonal preval-
ence, population densities of the immature
stages in rice fields at the various stages of
rice cultivation, and daily survival rates of the
adult females throughout the year.

MATERIALS AND METHODS

Description of study area

The study was undertaken in Amphoe
Muang. Chiang Mai, northern Thailand. The
area is situated between the Mae Ping River
and the foot of Doi Suthep Mountain at lati-
tude 18 ° 47° N and longitude 98 ° 59" E
and is approximately 750 km far from
Bangkok, Central Thailand. The mean height
is about 312 metres above sea level and
covers an area of about 172 km? (Fig. 1).
The population (in 1986) was approximately
200,000 people. Rice fields were mostly in
rural areas and a few were around suburban
areas. Total area of rice fields was about
1920 ha during rainy season cultivation and
about 530 ha during dry season cultivation.
For the rainy season, cultivation of rice is
carried out in the following stages: seeding in
June; ploughing, usually in late June or early
July; transplanting just after ploughing by
late of July or early August; and harvesting in
November to December. Irrigation begins
1-3 weeks before ploughing to soften the
earth. Water supplied for cultivation comes
from the rain and artificial canals. During the
dry season cultivation, follows more or less
the same pattern, but the period of rice
growing is between January and May. Large
numbers of buffalo, cattle and pigs are raised
in rural areas and at a few suburban sites.
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Fig. 1-Map of Amphoe Muang, Chiang Mai and
locations of mosquito collections; A. urban,
B. suburban and C. rural stations.

Mosquito studies:

Seasonal prevalence. Adult mosquitoes
were collected outside the house four times a
month from three fixed stations, in an urban
(A), suburban (B), and rural area (C) (Fig. 1),
by using UV-ight traps and human-baited
traps. In each location, light-traps were ope-
rated for two hours after dusk (usually
19.00-21.00 hours depending on photo-
period) and, simultaneously, two persons
with bare legs sitting outdoors collected the
mosquitoes as they attacked. The collected
mosquitoes were killed by freezing and
identified to species using the key of Bram
(1967). Three species of JE vectors were
sorted out and sampled in order to dissect
them for parity determination as outlined by
WHO (1975). The daily survival rates of
adult females were estimated from the pa-
rous rates by the method proposed by Da-
vidson (1954).
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Population densities of the immature
stages in rice fields. The study was carried out
in the rural sites of Amphoe Muang, Chiang
Mai. The total area of rice fields in the study
station was about 8 ha. The number of in-
cluded rice fields was about 150, therefore
the average area of one rice field was 500
m2. There were two pigsties beside the rice

fields with the total number of pig of about
500. Mosquito larvae and pupae were col-
lected with a dipper (15 ¢m diam and 3 cm
depth) weekly from each rice field during
July to November during each stage of rice
cultivation. Only one collection was taken
from each rice field. The collected specimens
were preserved in 10% formalin solution
except early instar larvae of Culex mosqui-
toes and pupae which were reared and
identified later. Estimated densities of the
larvae plus pupae per m2 were calculated as
described by Wada and Mogi (1974).

RESULTS

Seasonal prevalence

More than 30 species of mosquitoes were
identified from light trap collections made in
three locations in Amphoe Muang, Chiang
Mai during the study. However, only about
one third of these were species collected by
human-baited traps. Appreciably greater
numbers of mosquitoes were collected in the
rural station than in suburban and urban
stations. Among the three vectors of JE, Cx.
tritaeniorhynchus, Cx. gelidus and Cx. fus-
cocephala, the former was the predominant
species caught by lighttraps and human-
baited traps in rural site (Fig. 2). In contrast,
Cx. gelidus was collected in greater numbers
than the last two species both in suburban
and urban sites as measured by light-trap
collections but by human-baited traps Cx.
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Fig. 2-Total number of female Culex tritaeniorhyn-
chus ( ), Cx. gelidus (———-) and Cx. fus-
cocephala (———) collected four times a
month at rural station in Amphoe Muang,
Chiang Mai between February 1987 to
January 1988; A human-baited traps, B.
UV-light traps.

tritaeniorhynchus was most collected in sub-
urban while in urban site Cx. tritaeniorhyn-
chus as many as Cx. gelidus were collected
(Fig. 3,4).

Total monthly rain falls and temperature
from January 1987 to January 1988 are
shown in Fig. 5. All meteorological data were
obtained from Northern Region Weather
Forecast Centre, Chiang Mai. Total precipi-
tation was rather small during April to July.
A marked increase of precipitation occurred
in August.

By May or June the population of these
three vector species started to increase. In
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Fig. 3-Total number of female Culex tritaeniorhyn-
chus ( ), Cx. gelidus (———-) and Cx. fus-
cocephala (———) collected four times a
month at suburban station in Amphoe
Muang, Chiang Mai between February 1987
to January 1988; A. human-baited traps, B.
UV-light traps.

rural station there was a sharp rise in the
populations of the JE vectors in July when
most of the rice fields were ploughed and a
marked decline in mosquito population den-
sities occurred after transplanting in August
when the fields were flooded. During dry
season cultivation, however, the population
densities of the mosquitoes were not high.
Fewer numbers of Cx. fuscocephala than Cx.
gelidus were found in light-traps placed in
rural station, the proportions of these two
species represented in human-baited traps
were not so different. In suburban station,
peaks in the population of the mosquitoes
occurred from July to August. In addition,
high numbers of Cx. tritaeniorhynchus were
caught by human-baited traps in February
and the highest number in March. Consider-
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Fig. 4-Total number of female Culex tritaeniorhyn-
chus ( ), Cx. gelidus (———-) and Cx. fus-
cocephala (—-—-) collected four times a month
at urban station in Amphoe Muang, Chiang
Mai between February 1987 to January
1988; A. human-baited traps, B. UV-light
traps.
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Fig. 5-Summary of temperature (A) and rainfall (B)
recorded in Amphoe Muang, Chiang Mai

from January 1987 to January 1988.
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ably greater numbers of Cx. gelidus were
caught by light-traps, since not many of these
mosquitoes attack man. In urban station,
most of JE vectors appeared in the rainy
season (June to Octorber), while in other
seasons densities were very low. Cx. tritae-
niorhynchus and Cx. gelidus, rather than Cx.
fuscocephala, were frequently collected in
this area.

Daily survival rates of the adult females.

Table 1. shows the parous rates and cal-
culated daily survival rates of the females
throughout the year. The daily survival rates
of these three species were mostly as high as
0.7.

Population densities of the immature
stages in rice fields.

Population densities of larvae plus pupae
per m? (based on the unweighted average

per dip) is shown in Fig. 6. The densities of
three vector species in rice fields during the
wet season was highest in July when the
fields were ploughed. The highest average
densities of Cx. tritaeniorhynchus was 3162
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Fig. 6-Densities of larvae plus pupae of Culex tri-
taeniorhynchus ( ), Cx. gelidus (----)

and Cx. fuscocephala (—----) in rice fields at
rural areas in Amphoe Muang, Chiang Mai,
1987.

Table 1

Parous rates (p) and daily survival rates (P)* of Culex tritaeniorhynchus (C.t.), Culex gelidus
(C.g.) and Culex fuscocephala (C.f.) collected by light-traps between February 1987 to
January 1988

Month C.t. p P C.a. p P C.t p P
February 45 311 747 92 .250 707 19 211 .678
March 75 .733 .925 50 .600 .880 6 677 .907
April 44 .682 .909 13 .308 .745 5 .400 .795
May 131 573 .870 120 .383 .787 28 571 .869
June 170 447 .818 115 .443 .816 32 .565 .900
July 224 433 811 178 .393 .792 44 .568 .868
August 157 .389 .790 133 322 .753 73 479 .832
September 168 .524 .851 123 .293 .736 11 .545 .859
October 120 575 871 44 545 859 7 571 .869
November 45 .689 911 66 .348 .768 2 .500 .841
December 48 .687 910 20 .700 915 0 - -
January 22 .364 776 26 .269 .720 8 .500 .841
* assuming the gonotrophic cycle is 4 days.

Vol. 20 No. 1 March 1989 13



SOUTHEAST ASIAN J. TRop. MED. PuB. HLTH.

per m?2 (17.0 per dip), Cx. gelidus was 2092
per m2 (11.5 per dip) and Cx. fuscocephala
was 651 per m? (3.5 per dip) on July 11. The
two former species were found abundantly
both before and after the fields were
ploughed, while the latter was mostly found
in ploughed fields. After transplanting, which
begins in August, such densities show a
marked decrease and both larvae and pupae
of the JE vectors were rarely found until rice
plants were harvested.

DISCUSSION

The dissemination of JE vectors in urban,
suburban and rural areas of Amphoe Muang,
Chiang Mai is obviously related to the cli-
matic conditions and the process of rice cul-
tivation in the fields. It is already seen that
the densities of JE vectors are highest in rural
sites. Thus people who live in these areas are
frequently attacked by the vectors. The ap-
pearence of the vectors in urban sites, where
their breeding places are rarely found, is be-
lieved due to the dispersal of the mosquitoes
from suburban sites where they had pre-
viously generated in many breeding places.
The greater numbers of Cx. gelidus than Cx.
tritaeniorhynchus found in light-traps placed
in urban and suburban sites may be explain-
ed by the many sources of polluted water
where Cx. gelidus prefers to breed. It is fre-
quently found that this species, together with
Cx. quinquefasciatus, an urban mosquito
species, breed in the same places. Polluted
water, especially those with grasses, seem to
be more suitable breeding places of Cx. ge-
lidus than Cx. tritaeniorhynchus and Cx. fus-
cocephala. However, Cx. tritaeniorhynchus
as well as Cx. gelidus is found to bite man in
urban sites while appreciably greater num-
bers of the former attack man in suburban
sites. This phenomenon may be attributed to
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the absence of large animals eg., buffaloes,
cows and pigs in urban sites. Thus humans
become more available blood sources. In
contrast to the suburban sites, there are still
large animals to provide blood meals. It is
possible that. Cx. gelidus may be more
strongly zoophilic than Cx. tritaeniorhyn-
chus.

There is no doubt that ploughed fields,
rather than transplanted fields, provide a
more suitable breeding place for these mos-
quitoes. It is observed that before ploughing,
most rice fields retain some water for about
1-3 weeks irrespective of rainfall and
maintain vegetation tolerable to wet ground.
The immature stages of the mosquitoes are
firstly found in rice fields during that period.
We believe that such rice fields provide an
important breeding place where females can
oviposit at least 2—3 times prior to plough-
ing. When the fields are ploughed, the vector
population immediately shows a marked in-
crease. Water in ploughed fields is enriched
with organic matter and micro-organisms as
demonstrated by the characteristic odour
due to the fermentation of rice-straw, grass
and mud. In addition, rainfall during that
period is not abundant and water is stagnant
and a stable source of food for a period of
time. Water temperature at 3 cm under the
surface measured in afternoon is about
35-39 ° C which is optimum for the growth
of bacteria and the stimulation of fermenta-
tion. These water qualities are very attrac-
tive for oviposition of these three species.
After rice transplanting, there are many
ecological changdes in rice fields. Water in rice
fields becomes cleaner and fermentation
ceases which may be due to the effect of
heavy rain, herbicides (butachlor +2, 4-D
isobutyl esters) and some spontaneous bio-
chemical changes in the water. The amount
and mode of precipitation influence imma-
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ture mosquito populations both directly and
indirectly as examined by Mogi and Wada
(1973) and Mogi (1979). Water currents di-

rectly influence migration rates and, indi-

rectly, egg density and survival rates through
their effects on the quality of water, since the
attractiveness of water to gravid females and
the amount of food for larvae are both
functions of water quality. Therefore, it is not
surprising that despite an increase of water
surface in rice fields during transplanting, the
number of vectors decreases. Because of
high daily survival rates as measured
throughout the year, some female mosqui-
toes which emerged in July can survive until
at least late August. The small number of the
females caught in September is due to the
appreciably small number of newly emerged
adults in mid or late August and also in
September. Therefore, the concept that the
more water surface in rice fields the more
breeding places of JE mosquito vectors in
Thailand is probably not true. We have
shown in our work that during ploughing rice
fields are the principal breeding places of JE
vectors. Because farmers in the north usually
plough their rice fields in late June or early
July, depending on the precipitation, the
vector population in this region is believed
simultaneously to reach a peak in this period.
Again, as reviewed by Thongcharoen
(1985), it is already seen that in nearly all of
the previous epidemics of JE between 1969
to 1984, the majority of the patients were
found in July and a few throughout the year.
This relation is likely caused by the fact that
the densities of the vectors are maintained in
certain levels throughout the year during
which time only a few cases will appear.
When these densities increase during the
period of ploughing in late June or early July,
epidemics are more likely to occur.

Other evidence supporting JE transmis-
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sion during on epidemic are thought to be the
high daily survival rate of the vectors and
their ability to maintain the virus until they
become infective mosquitoes. The daily sur-
vival rates estimated by the present study for
Chiang Mai Cx. tritaeniorhynchus did not
differ so much from those of 0.682 estimated
by Mori et al.. (1983). In Japan, the daily
survival rate of Cx. tritaeniorhynchus was
0.42-0.74 as estimated by Buei and Ito
(1982).

Control of JE should focus on rural areas
and may be successful by the two following
methods: firstly, by mass vaccination of the
children and, secondly, by control of the
mosquito vectors. For vector control, the
method used should start just after the first
precipitation, especially from May to the
period of ploughing in July. Insecticides,
such as Abate, should be used for control of
the immature stages in rice fields and other
breeding places such as grass land flooded
with water, in addition to, the spraying of
some insecticides in order to kill the adult
mosquitoes, especially on vegetations,
pigsties and livestockpens. Control of the
immature stages in rice fields during trans-
planting is unneccessary, but control of the
adults should be continued at least one

month after rice plant have been transplant-
ed.

SUMMARY

From February 1987 to January 1988,
biological and ecological studies were made
to obtain the basic knowledge of Japanese
encephalitis vectors, Culex tritaeniorhyn-
chus, Cx. gelidus, and Cx. fuscocephala, in
Amphoe Muang, Chiang Mai, northern
Thailand. The following results were found.
Peaks in the population densities of the vec-
tors as measured four times a month, by
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UV-ight trap and human-baited trap collec-
tions, occurred during rainy season. The JE
vectors in rural areas showed a sharp rise in
the population in July when most of the rice
fields were ploughed and a marked decline in
mosquito population densities occurred after
transplanting in August when the fields were
flooded. The average mumber of larvae plus
pupae per m?2 in rice fields was highest in
July when the fields were ploughed, but in
the period from transplanting to harvesting
(August to November), the densities were
very low. Daily survival rates of the adult
females, as estimated from parous rates,
were mostly as high as 0.7 throughout the
year.
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