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Introduction

Malaria due to Plasmodium vivax is one of the
most important and widely spread protozoan diseases
in Korea, Until World War I, malaria was popularly
known as “Haru-geori” or “Chare-Bae”, and recogni-
zed as one of the unavoidable diseases in summer
months, During the period from 1940 to 1955, the
movement of population and unsanitary conditions
caused by the War increased the prevalence of Ko-
rean vivax malaria infections to such an extent that
it became a major public health problem of nation-
wide significance. After Korean War, the epidemiolo-
gical, clinical, and therapeutic studies on the Korean
vivax malaria have been carried out extensively by
many investigators, recognizing the urgency of the
problem. From malaria pre-eradication survey on
Korean wivax malaria, ROK-WHO malaria project
(1960) reported that a total of 22,005 children, 1-14
year of age, were found to have an average spleen
rate of 1.1% in a range of 0.0-3.8%.

According to parasitological survey findings, of 16,
498 blood samples, 17 cases of vivax malaria were
microscopically confirmed. Ree et al.(1967) studied
on natural infection of P. vivax in Anopheline mos-
quitoes in Korea, and reported that of 7,517 dissec-
tions of A. sinensis, only one was found to be natura-
lly infected with the sporozoite.

After the beginning of the New Community project

in the third “Five-year Economic Development Plan”
in 1972, the Korean Government established a plan
to expand the land by cultivating hilly areas, thus
practicing land reclamation, and also accompanied
the establishment of an irrigation system due to dam
construction, reformation of land, improvement of
agricultural technique, and intense use of agricultural
chemicals. However, increased rice production inevi-
tably resulted in the expansion of mosquito larval
habitats, and introduced important changes in the
agroecosystems which determined the distribution
and abundance of mosquitoes(Surtees, 1970; Mogi,
1984; Baik and Joo, 1991). Furthermore, rice fields
also produced important vectors of human malaria
and other viral diseases. Recently Joo and Wada
(1985) conducted the seasonal prevalence and popu-
lation density ofvector mosquitoes in Kyungpook
Province, and Ahn et al.(1983) reported on 51 cases
of malaria imported in Korea during 1970-1982, of
which 37 cases were detected in the home country.

Every year only a few cases of malaria in Korea
have been noted, although the infective cases of ma-
laria are said to have disappeared in Korea after
1980, it was considered to be due to lack of attention
given to the problem of mosquito borne diseases.

Kyungpook Province is in the south-eastern part
of Korea, and some endemic foci of malaria in nor-
thern counties of the Province were found during
a malaria survey in 1960-1962.

The present study attempts to estimate the

# The results of this study were presented at the Spring meeting of the Korean Society for Parasitology(1991).
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population dynamics of vector mosquitoes in Kyung-
pook Province from 1987 to 1991, and is to observe
the present status of Korean vivax malaria infections
among residents.

Geographical conditions of surveyed areas

Kyungpook Province is situated in the southeast
part of the Korean peninsula, having an area of 19,700
square kilometers, Three areas in the Province were
selected as vector mosquito survey stations(Fig. 1).

Keimyung University training farm in Kyungsan
county was the main study area. It is located about
15 kilometers E.S.E. of Taegu city, situated on a
low hill studded with copse, orchards, rice fields and

small swamps. The farm covers an area of approxi-

mately 250,000 square meters and consists of pas-
ture, animal shelters, vinyl houses, and human dwel-
lings. Large numbers of cattle, pig, fowls, dogs, sheep
and deer are raised on this farm but there are no
wild animals which could be important as hosts of
vector mosquitoes. Another area selected for this
survey station was the Agricultural research farm
in Kyungpook Provinical office of Rural development.
It is located in Dongho village, a northern district
of Taegu city. The total area of rice field in this
survey station was about 150,000 square meters. The
north and west corners of the rice field contain the
house-dwellings and the east boderline is limited in
the foothills of a low mountain range.

The rice field irrigation begins in May and ends
in late August or early September: during this period
the rice fields form the main breeding places for
the vector mosquitoes. The third area selected for
this survey station was Shincheon-ri in Anjung-myun,
Yeongpung county. It is a rural village of about 300
residents and situated along the bank of Namweon
stream, one of the large tributaries of the Naktong
river, It is about 170 kilometers by road from Taegu
city and lies in the hilly and mountainous area of
the northern part of Kyungpook Province at 37 deg-
ree north latitude. The average elevation is about
170 meters above the sea level. Most of the house-
dwellings lie beside the road, which runs north and

south through the village, and a few houses are scat-
tered about in the surrounding rice fidlds.

Meteorological Data: Meteorological data for the
period of the present survey was provided by the
Taegu branch of the Korea Meteorological Agency.
These data are shown in Table 1.

The study areas are under the influence of a typi-
cal continental climate of an eastern coast affected
by both  high atmospheric pressure from the cold
continent and a low one from the Pacific Ocean in
the summer season. Therefore, seasonal fluctuation
of air temperature and precipitation, which is of fun-
damental importance to understand the dynamics of
mosquito populations, is very great.

Materials and Methods

Light trap operation: In order to observe the
seasonal prevalence of the vector mosquito popula-
tions, light trap collections were performed as fol-
lows: A light trap was fixed 1.5m above the ground
at trapping spots, the piggery A, the cow-shed B,
and the house-dwelling C, and operated from dusk
to dawn on one-night per week schedules. Mosquito
collected at each station were counted by species.

Indices of mosquito abundance: In order to
compare the annual abundance of A. sinensis, mean
per cent index(MPI) which was proposed by Maeda
et al.(1978), was used.

Human baited trap: In order to determine the
relative numbers and species of mosquito which were
attracted by human beings, human baited trap were
performed as follows: A man was allowed to lie on
the floor of a tent 2.6X2.0m and 1.5m in height.
An open window 2.0X1.5m permitted entry of mos-
quitoes. All mosquitoes biting or attempting to bite
were collected between 19:00 and 06:00 hours on
one night in July and August in 1990.

Dissection of mosquito: All the mosquitoes bi-
ting or attempting to bite were collected either on
the skin with a sucking tube or with on insect net,
and killed with ethyl ether. They were transferred
into a glass tube and kept in an ice box until they
were individually identified and dissected in the la-
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Fig. 1. Surveyed arecas(®) in Kyungpook Province, Korea.
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boratory. Dissection of the mosquito specimens were
made usually the next morning. After each mosquito
was identified and numbers recorded, it was transfe-
rred on a slide glass with a drop of 0.6% saline solu-
tion. They were examined for the determination of
the ovarian age using the methods reported by Deti-
nova(1962). Records were made for each mosquito
whether it was nulliparous or parous, and if parous
the number of follicular relics was determined. After
this all other body parts, especially salivary glands,
were examined for malarial infections.

Collection of resting mosquitoes: In order to
determine the resting places of mosquitoes in day-
time, oral aspirators, and hand nets, about 40 Cm
in diameter, made of fine mosquito netting were used
to catch adult mosquitoes resting in human and ani-
mal shelters. All the mosquito specimens were indi-
vidually examined for species under a binocular dis-
secting microscope and counted.

Collection of larvae: In order to estimate the
species and density of mosquito larvae and pupae,
30 fixed rice fields were dipped from April to October
at one week intervals in 1989-1991. The dipper was
15 Cm in diameter and 5 Cm in depth with a wooden
handle of 60 Cm in length. At the outset a collector
stood at a point on the side of rice field, and took
a dip on the water surface, which was thought to
be most favorable for the breeding of the larvae and
pupae within the reach of the dipper.

In each rice field, the dipping was made ten times
which was thought to be necessary to determine the
distribution pattern of the numbers of mosquito lar-
vae in a rice field(Wada et al. 1971). The total number
of mosquito larvae in the study areas were estimated
according to the methods described by Wada and
Mogi(1974).

Insecticide susceptibility test: In order to esti-
mate insecticide resistance on A. sinensis, blood-fed
females of A. simensis were collected from human
and animal shelters with an insect net or with a suc-
king tube, and transferred into the cage.

The mosquitoes were allowed to oviposit in an
insectary at 30+ 1 C and 70-80% relative humidity
with 16 hours of illumination per day. The approxi-

mately 300 first instar were reared in enamel pans
measuring 50X40Cm filled to 2Cm depth of water
and fed on crushed powders of laboratory mouse
pellets and adults were fed on 5% sugar solution.

Insecticide resistance was modified from those de-
scribed by Yasutomi et al.(1986). Toxicities of the
organophosphorus were determined with fourth ins-
tar. LCs values were calculated from the average
of two replicates. From these data the regression
of the probit mortality on log dosage was computed
and the LCsy were obtained.

Parasitological survey: Thick and thin blood fi-
Ims were made for the determination of the incidence
and densities of species of malaria parasites among
residents aged from 1 to 70 living in northern parts
of Kyungpook Province. Blood films were fixed in
methanol and treated with 4% Giemsa stain for 30
minutes. Thick film fields were examined microsco-
pically(1,000x) for the presence of malarial parasites.
Parasite densities were recorded as the number of
parasite per 200 white blood cell.

Results

The five years’ observation of the earlist dates
in which A. sinensis begin to be collected by light
traps and air temperature and humidity at that time
in Kyungsan county, Kyungpook Province, Korea is
presented in Table 2.

A. sinensis were first collected in the light traps
from 1987 to 1991 in April, between the 2nd and
20th days, but on March 15 in 1989. At that time
the air temperature ranged from 2.4-24.3C and humi-
dity from 45-61 per cent. The average number of
A. sinensis per trap-night was from 0.3 to 1.0.

Table 3 lists the dates of peak population of A
sinensis collected in the surveyed area and the me-
teorological data at that time, The highest population
density of A. sinensis was observed during the period
from early July to mid-July in every year.

The air temperature was between 18.6 and 34.8
C, and the relative humidity from 59 to 85 per cent.
The maximum number of A. sinensis in 1987 was
1,247 per trap-night. In 1988 the number decrea-
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Table 1. Monthly maximum and minimum temperature, relative humidity, and total precipitation reported by

regional Meteorological Center in Taegu, Korea during period from 1987 to 1991

1987 1988 1989 1990 1991
Jan, T ~-10.7-117 — 92-116 — 94-125 —115—-10.8 — 86—120
H**: 14—58 19—54 23—66 39—56 36—94
| S 444 12.6 110.7 223 206
Feb. T: — 99—-196 — 99-141 — 59-171 — 23-221 —124-110
H: 20—58 19—56 22—64 38—58 37—-93
P: 43.9 2.9 90.5 453 444
Mar. T: ~ 43-203 — 50—-195 - 39-221 — 3.8—129 — 2.6—24.7
H: 24—-59 21-58 19—60 52—70 32-91
P 514 452 1004 85.5 79.3
Apr. T: 09-279 3.7—-304 35—282 272713 - 27-273
H: 19—-56 19-53 19—56 38—58 33—-81
P: 42.7 49.6 4.1 90.5 93.2
May T: 72—-308 7.7—-320 9.5—32.7 8.9—30.8 6.7—34.1
H: 19-63 17—60 24—64 44—65 29—83
P: 62.3 64.1 46.3 143.1 21.9
Jun. T: 10.6—36.3 144—35.1 12.6—32.9 10.0—33.0 14.8—33.8
H: 21—-66 26—71 25—70 53—170 52—86
P: 1387 85.9 103.3 200.5 104.7
Jul, T: 18.0—34.8 154—38.0 152—35.5 10.0—353 19.0—35.0
H: 33—=77 43—79 23—179 66—75 63—89
P: 275.7 2151 306.6 2513 4253
Aug. T: 18.7—-325 16.1—36.5 18.5—35.4 13.1—385 17.5—33.0
H: 4982 42—176 35—72 57—70 63—86
P: 327.2 745 149.8 1259 282.5
Sep. T: 89—-315 11.7—32.3 11.8—30.1 11.5—-33.2 13.2-32.0
H: 24-71 36—74 28—77 54—174 59—89
P: 11.0 52.7 196.4 197.0 154.1
Oct. T: 25—29.9 21—-280 1.6—25.9 4.2-266 48—269
H: 21—-64 22—61 19—-66 53—69 47-72
P: 44.6 3.9 18.8 139 13
Nov. T: - 50—-222 - 17-217 — 21-213 — 13-237 - 31-207
H: 15—63 19—53 16—64 39—56 16—59
P: 518 34 619 435 134
Dec. T: - 8.8—201 — 8.0—174 — 51—-193 — 96—190 — 68—170
H: 17—56 23—59 1064 42-81 17—64
P: 04 7.1 28,6 21 55.5

*
ek
sekok

T: temperature(C)
H: relative humidity(%)
P: precipitation(mm)
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sed to 1,109.3, and in 1989 the number abruptly inc-
reased to 3,495, in 1990 the number decreased again
to 518.3.

Table 4 shows the dates A. sinensis were not colle-
cted in the surveyed area according to the years
studied. A. sinensis was not observed during the pe-
riod from late October to mid-November. The air
temperature at that time ranged from 2.6-24.6 C and
humidity from 39 to 70 per cent.

The seasonal prevalence of A. sinensis collected
by light traps are summarized in Table 5. In general,
A. sinensis was collected in 8 months, from April
to November in every year studied, but 9 months
in 1989. In 1988, the average number of female A
stnensis per trap-night in April was 0.1, it increased
to 0.7 in May, 128.8 in June, and reached the maxi-
mum number, 537.6 in July, In August, the average
number decreased to 74.3, in September 60.6, in Oc-
tober 2.4, and in November 0.1. The general patterns
of seasonal prevalence of A. sinensts in the other
years are similar to those for 1988, but the pattern

of monthly change in 1989 is dissimilar to those for
1988. In 1989 A. sinensis first appeared in mid-March,
it subsequently increased and reached a maximum
of 1,3314 in July. In August the number abruptly
decreased to 48.6, and in September the number
increased again to 1211, There was a gradual dec-
rease from October, with a very small number of
them until mid-November in the traps.

The results of relative abundance and MPI calcula-
tion for A. simensis in successive years after 1987
in correlation with the incidence of Korean vivax ma-
laria are shown in Table 6 and illustrated by Fig.
2. It was found that the total number of A. sinensis
progressively increased during the initial three years
from 1987 to 1989. A marked decrease in MPI was
obtained in 1990 and 1991.

Table 7 shows the results of the number of total
and engorged female A. sinensis by light traps collec-
ted at three locations during 5 years from 1987 to
1991, The overall rate of engorgement, as calculated
by dividing the number engorged with the total,

Table 2. Five years’ observations of the earliest dates Anopheles sinensis begin to appear in Kyungsan county,
Kyungpook Province, Korea, together with meteorological data

Year Earliest date when Temperature Humidity Averge No./
mosquito appeared (Range T) (%) trap-night
1987 April 2 3.3-161 55 0.3(1/3)*
1988 April 20 59—13.0 61 0.3(1/3)
1989 March 15 48—16.1 46 0.3(1/3)
1990 April 11 7.7—243 52 1.0(3/3)
1991 April 3 24—196 45 0.3(1/3)

* Number in parentheses means the total number of female mosquitoes per traps.

Table 3. Dates of peak population of Anopheles sinensis and the meteorological data at that time

Yeat Dates of peak Temperature Humidity Average No./
population (Range ) (%) trap-night
1087 July 9 21.7—34.8 59 1,247.0( 3,741/3)*
1988 July 6 20.5—24.6 70 1,109.3( 3,328.3)
1989 July 5 186—284 69 3,495.0(10,485/3)
1990 July 12 243—31.2 76 518.3( 1,555/3)
1991 July 18 20.2—23.0 85 730.7( 2,192/3)

* Number in parentheses means the total number of female mosquito per trap-night.
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Table 4. Dates of disappearance of Anopheles sinensis
and the meteorological data

Year Date of disappearance Temperature Humidity
of mosquito (Range ) (%)

1987 November 19 2.6—13.0 39
1988 November 9 56—217 60
1989 November 15 4.7—142 64
1990 October 21 9.1—-24.6 70
1991 October 31 9.1-19.3 64

which reflect the efficiency of blood-sucking activity
on A. sinensis in 1990 were in the order of 62.7 per
cent on cowstall, 43.7 per cent on piggery, and 1.3
per cent on human dwelling. The general patterns
of engorgement rates in the other years are similar
to those for 1990, but in 1989 are dissimilar,

The monthly fluctuation in the blood-sucking rate
of A. sinensis is listed in Table 8. The blood-suc-

king rate varied greatly by different month in every
year. The rate was 10.5-44.8 per cent in June, 8.3-
58.7 percent in July, 12.9-42.5 in August, and 9.2-48.3
per cent in September, respectively, although the
rate decreased on October, it was kept on the level
of 5.0 per cent.

The data shown in Table 9 represents the biting
rhythm of A. sinensis by light trap collections in a
pigsty and on human baits through the night at inter-
val of one hour. The biting activity was continued
throughout the night.

In light trap collection in a pigsty, A. sinensis atte-
mpted to feed from 19:00-20:00 onward, and the peak
numbers of the mosquito showed two peaks, one
between 20:00-21:00 hour and another between 03:
00-04:00 hour in July and 04:00-05:00 hour in August.
In human baited trap the peak hour of biting differed
each month, for example between 24:00-01:00 hour
in July 22:00-23:00 hour in August, when the tempe-

Table 5. Seasonal prevalence of Anopheles sinensis by the average number collected each traps during 5

years
Average number of female mosquito per trap-night
Year
March  April May June July August September October November

1087 0 0.1 0 108.2 5426 50.8 18.1 04 0.1
1988 0 0.1 0.7 128.8 5376 74.3 60.6 24 0.1
1989 0.2 0.7 25 4010 13314 486 121.1 4.2 0.1
1990 0 0.6 1.9 894 2719 180.8 843 0.2 0
1991 0 03 1.3 1513 3721 4.1 73.0 6.3 0

Table 6. Relative abundance of Anopheles sinensis population in successive years after 1987 in correlation

with incidence of malaria

At the 3-stations located in

suburban areas Malaria

Year

Total No. MPI* NO. cases** Incidence(%)

collected
1987 10.242 100.0 3 0.007
1988 11,383 125.1 8 0.019
1989 21,241 175.2 1 0.002
1990 7,248 712 - -
1991 6,591 67.8 - -

* MPI means Mean per cent index.

** This cases are based on the reports from Cities and Provinces under Communicable Disease Control Laws.
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rature was between 26.9 and 29.3 C and the humidity
67-76 per cent in the field.

The age compositions of A. sinensis collected by
human baited trap are compared with that of a pigsty
by pig bait and listed in Table 10. The frequency
distribution of the A. sinensis by the number of folli-
cular relics counted after their dissection, and parous
rates of both biting collections were relatively low,
being found in 29.9 per cent in human bait and in
51.3 per cent in pig bait, respectively.

The positive rate for the sporozoite of P. vivax
in the mosquito specimens reported in 1967 was co-
mpared with the results in 1990 and tabulated in

Table 7. Comparison of total and engorged number
of Anopheles sinensis collected by light
traps at three locations during five years,
1987-1991

Year Location  No. collected  No. engorged(%)

1987 A 3,492 1,034(29.6)*
B 5,206 2,016(38.7)

C ) 1,544 90( 5.8)

Subtotal 10,242 3,140(30.7)

1988 A 4,632 535(11.6)
B 4,274 1,540(26.0)

C 2,477 41 1.7)

Subtotal 11,383 2,116(18.6)

1989 A 4,258 1,384(32.5)
B 15,286 940( 6.1)

C 1,697 55( 3.2)

Subtotal 21,241 2,379(11.2)

1990 A 2,847 1,243(43.7)
B 3,355 2,103(62.7)

C 1,046 14( 1.3y

Subtotal 7,248 3,360(46.4)

1991 A 3,276 1,544(47.1)
B 3,121 2,004(64.2)

C 1,163 9( 0.8)

Subtotal 7,560 3,557(47.1)

* Number in parentheses means the percentage of
engorged females.

** Location A: Piggery, B: Cow-stall, C: House
dwelling

Table 11.

*In 1967 the sporozoite of P. vivax were found in
one specimen of A. sinensis, whereas no case was
found in all of the specimens collected in 1990.

The age structure of immature stages of A. sinensts
and the seasonal prevalence of total number of larvae
plus pupae in the study area are shown in Table
12. The highest larval density in cultivated fields
was 21,226 X 10° on July 6th, 1990, After late Septem-
ber, such densities show a marked decrease and the
larvae and/or pupae of A. sinensis were rarely found
until rice plants were harvested. Factually, the gene-
ral pattern of the seasonal prevalence in the study
area was determined largely by the prevalence in
cultivated fields. The total number reached its yearly
peak during the period from late June to mid-July.

Table 13 shows the insecticide resistance levels
of larval A. sinensis for one generation in the labora-
tory from collections in Kyungsan county and compa-
red with those of susceptible laboratory strains.

The larval A. sinensis were highly resistant to ma-
lathion and diazinon, the LCs, values being 14.50 ppm
for malathion and 12.35 ppm for diazinon, but only
low resistance was indicated in larval A. sinensis,
LCs value being 0.085 ppm for fenthion.

The LCs values to malathion and fenitrothion were
about 4.12 and 3.31 times as high as those of suscep-
tible strain.

The prevalence of P. vivax among the residents
by sex and age groups are summarized in Table 14.
A total of 1,546 residents were examined, no case
was found to be infected with P. vivax.

Discussion

Since Ross’ description of the malaria-mosquito
theory in 1897, the epidemiological, clinical, thera-
peutic, and entomological studies on the subject of
malaria and its vector mosquitoes have been conduc-
ted by many investigators of Korea and other count-
ries. The fact that patients with malaria are present
among the residents in Korea have been known for
a long time, and a disease called “Harugeori”(every
otherday fever attack) or “Chare-bae”(enlarged sp-
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Table 8. Monthly fluctuation of total and engorged number of Anopheles sinensis collected by light trap(1987-1991)

1987 1988 1989 1990 1991
Month
No. No. No. No. No. No. No. No. No. No.
colle- engor- colle- engor- colle- engor- colle- engor- colle- engor-
cted ged(%)  cted ged(%)  cted ged(%)  cted ged(%)  cted ged(%)
Mar. 0 0 0 0 2 0 0 0 0 0
Apr. 1 0 1 0 7 0 5 2 3 0
(40.0)
May 0 0 1 0 38 7 23 3 19 2
(184) (13.0) (10.5)
Jun. 1,298 136 3,000 336 4,812 878 1,073 316 1,815 813
(10.5) (10.9) (18.2) (29.5) (44.8)
Jul. 8,112 2,886 6,451 1,510 14,645 1,198 3,268 1,917 4,093 2,297
(35.6) (234) (82) (58.7) (56.1)
Aug, 609 98 892 115 596 140 1,870 795 661 148
(16.1) (12.9) (23.5) (42.5) (224)
Sep. 217 20 909 155 1,090 154 1,012 489 876 290
(92 17.1) 14.1) (48.3) (33.1)
Oct. 4 0 29 0 50 2 2 0 93 7
(4.0 (75
Nov. 1 6 0 0 1 0 0 0 0 0

Table 9. The results of overnight Anophels sinensis collection by light trap in a pigsty and on human baits(1990)

July 27-28 August 13-14 August 30-31
Hour
Light trap Man Light trap Man Light trap Man
19 7 00—20 : 00 10( 4)* 0 13( 3) 0 22( 2) 0
20:00—21:00 50( 7) 0 136(28) 0 123( 75) 1
21:00—22:00 40(10) 31 381D 3 29( 12) 1
22 :00—23: 00 17( 8) 0 19( 8 6(2) 13( 4) 2
23:00—24 7 00 8( 2) 1 15( 4) 2 4 1 1
24 1 00—25 : 00 10( 2) 10 10( 3) 1 8( 3) 3
01:00—02: 00 14( 6) 3 81 3 4 3
02 : 00—03 : 00 11( 2) 0 81 3 2 2
03:00—04 :00 18( 5) 5 91D 5 3 0
04 : 00—05: 00 (D 3 13( D 3 12( 5) 0
05:00—06 : 00 0 0 93 0 8 3 0
Total 185(47) 25(1) 278(63) 25(2) 228(105) 16
Temperature(C) 33.0-26.1 30-80 30.8-25.0
Humidity(%) 43-89 30-80 52-88

* Number in parentheses means number of engorged female mosquitoes.
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Table 10. Age composition of Anopheles sinensis col-
lected in 1990 as determined by the num-
ber of follicular relics

No. Frequency distribution by
Bait  dissected the No. of relic percent
parous
N* 1 2 3 W
Human 67 47 16 4 - 299
Pig 413 201 145 59 8 513

*N means nulliparous.

leen) in the past is now accepted to be nothing but
malaria. In the studies on malaria in Korea, little
work was done until World War II, although malaria
has been recognized as one of the unavoidable disea-
ses in the summer }tleths in Korea and A. sinensis
was thought to be Miz“main vector.

In 1959, the Ministry of Health initiated a preven-
tion and eradication program against malaria in Ko-
rea with the technical support of the World Health
Organization. During 1961 a total of 13,000 reports
with corresponding blood smears were examined at
the Central Malaria Eradication Service of the Mini-
stry of Health and Social Affairs, of these 5,206 posi-

tive P. vivax cases were confirmed(Paik and Tsai,
1963). Throughout 1962 to the end of October, a total
of 6,369 blood smears were examined, and 2,575 po-
sitive cases were confirmed.

A study of Paik and Tsai(1963) reported that the
number of positive P. vivax cases during the period
from 1961 to 1962 found in the northeastern area
including the four Provinces of Kyungpook, Kang-
weon, Kyunggi and Chungpook comprised 97.3 per
cent of all positives. They also commented that al-
most all localities in the southwestern(plain) area
were non-active and retrogressive in malaria occur-
rence, where malaria transmission was low. In cont-
rast the northeastern (mountainous) area had a ra-
ther large number of residual foci where malaria
transmission was high. Whang(1963) carried out a
blood survey on narcotic addicts in asylums in Korea
from 1959 to 1962, and reported that of 3,991 smears
collected, 13 cases were found to be positive for P,
vivax, 23 positive for P. falciparum, and 1 positive
for P. malariae. He also commented that P. malariae
and P. falciparum in Korea were not natural infec-
tions but resulted through contaminated syringes co-

Table 11. Comparison of demonstration for sporozoite of P. vivax in vector mosquitoes in 1967 and 1990

Ree et al.(1967)

Present survey

Locality Bait
No. dissected No. positive(%) No. dissected No. positive(%)

Yeongju Cow 1,514 0 145 0
Human 73 0 92 0
Subtotal 1,587 0 237 0
Andong Cow 689 0 - -
Human 12 0 - —
Subtotal 701 0 - -
Yeoju Cow 434 0 - -
Human 687 1(0.15) - -
Subtotal 1,121 1(0.09) - -
Kyungsan Pig - - 413 0
Human - - 67 0
Subtotal - - 480 0
Total 3,409 1(0.03) 717 0
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Table 12. Age structure of immature stages of Anopheles sinensis in the study area(1989-1991)

Total No. in the study area at the median age
of each stage(x 10°)

% Date L1 L2 L3 14 Pupa
1989
Jun. 30 745 541 286 64 45
Jul. 7 952 1,408 379 39 58
Jul. 14 2,337 916 329 62 27
Jul 21 3,890 1,021 596 115 46
Jul. 28 149 251 98 125 10
Aug. 18 85 51 21 83 7
Aug. 25 17 59 17 25 0
Sep. 1 120 144 66 36 9
Sep. 8 18 63 59 89 0
Total 8313 4,454 1,851 638 202
1990 »
Jun. 15 0 24 330 118 18
Jun. 22 39 136 613 183 56
Jun 29 1,055 2,299 1,070 190 105
Jul. 6 5,748 7,387 6,580 1,227 284
Jul. 13 1,498 413 247 164 128
Jul. 19 120 230 268 76 25
Jul. 27 190 251 106 50 15
Aug. 2 63 88 31 27 15
Aug. 10 9 68 26 4 6
Aug. 19 128 18 30 21 12
Aug. 23 43 16 16 11 7
Aug. 30 86 136 131 71 7
Sep. 6 203 74 41 43 13
Sep. 20 12 32 95 25 6
Total 9,253 11,213 9,606 2,221 697
1991
Jun. 15 443 195 99 53 38
Jun. 21 35 257 585 2563 43
Jun. 29 988 1,129 781 274 25
Jul. 4 3,995 2,094 657 96 0
Jul. 10 325 517 74 7 0
Jul. 20 489 457 223 37 0
Jul. 27 1,061 430 168 77 4
Aug. 2 74 208 238 22 0
Aug, 7 2,796 480 170 55 0
Aug. 14 1,144 527 104 38 10
Aug. 21 515 493 756 164 42
Aug. 30 982 2,667 360 99 226
Sep. 6 358 382 294 123 92
Sep. 13 3,604 1,232 773 398 175
Sep. 20 1,228 474 306 287 41
Sep. 27 531 199 159 75 39

Total 18,568 11,741 5,747 2,058 735
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Table 13. Lcsp value and resistance ratio of larval Anopheles sinensis for tested insecticides
LCs Value
Insecticides Resistance
Kyungsan Nagasaki* ratio
O-P compounds
Diazinon 12.35 316 319
Malathion 1450 3.52 4,12
Fenthion 0.085 0.125 0.68
Fenitrothion 21.50 6.50 331
Pyrethroids
Phenothrin 0.25 - -
Allethrin 0.94 - -
*Data reported by Department of Medical Entomology, NIH, Japan.
Table 14, Prevalence of P. vivax among residents in Kyungpook Province, Korea(1991)
Male Female Total
Age
group No. Percent No. Percent No. Percent
Ve) examined positive examined positive examined positive
0— 9 16 0 14 0 30 0
10—19 19 0 13 0 77 0
20—29 39 0 38 0 77 0
30—39 144 0 115 0 259 0
40—49 158 0 141 0 450 0
50—59 213 0 237 0 450 0
60— 167 0 199 0 366 0
Total 774 0 772 0 1,546 0

mmonly used among the narcotic addicts. Similar
results among narcotics patients in Korea have been
obtained by Seo and Rim(1959).

Many factual works on malaria among Korean mi-
litary personnel have been reported by many investi-
gators since the participitation of Korean troops in
the Vietnamese War(Kim et al, 1966; Kim, 1967;
Lee et al., 1967; Choi, 1969; Kim, 1968; Seo et al,,
1970, Soch, 1970). Kim(1967) reported 1,780 malaria
cases of Korean troops in south Vietnam during 1
year from November 1,1965, and noted that the mala-
ria mortality rate was 111 per thousand per year.

Seo et al.(1970) in a parasitological study of Ko-

rean Forces in South Vietnam reported that 224 cases
or 95.3 per cent out of 235 malaria patients were
found to be infected by ring form trophozoites of
P. falciparum parasites, one case or 0.4 per cent of
P. vivax, and the other 10 patients or 4.3 per cent
were of mixed infection. After the Vietnamese War,
because many military personnel with tropical mala-
ria and tertian malaria returned to this country, the
possibility of its spread in Korea was considered and
discussed by a number of scientists. However, with
effective treatment and control measures no further
spread occurred. After the beginning of the New Vil-
lage Movement in the third Five year Economic
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Development Project, the epidemiological and ecolo-
gical studies on malaria and its vector mosquitoes
in Korea have made remarkable progress through
the labors of medical parasitologists, entomologists,
and Public Health officials. As presented in Table
15, the number and incidence rate reported during
the period from 1973 to 1990 is based on the Year-
book of Public Health and Social Statistics, Korea.

Table 15. The reported number and incidence of
malaria in Korea from 1973

Year Number notified Incidence(%)
1973 747 2.2*
1974 611 1.8
1975 314 0.9
1976 32 0.09
1977 11 0.03
1978 - -
1979 1 0.003
1980 - -
1981 - -
1982 - -
1983 - -
1984 - -
1985 - -
1986 - -
1987 3 0.007
1988 8 0.019
1989 1 0.002
1990 - -

* Number and incidence is based on the report from
cities and Provinces under Communicable Disease
Control Law.

Factually, this is no indication of the true incidence
among the residents in Korea, because the reports
from cities and Provinces are not sufficient to deter-
mine the true incidence of all malaria cases.

As shown in Table 15, the malaria cases reported
in and after 1977 were very few and seemed not
too significant as a public health problem.

The exact cause for the decrease of indiginous
malaria in Korea in not known, but there are several
factors possibly being due to control measures agai-
nst malaria by means of free treatment of patients

and drug prophylaxis, and to spraying of insecticides
against mosquitoes, cutting down of grass around
dwellings, etc. In recent years, the number of malaria
cases reported in and after 1987 increased and it
was estimated that they were mostly imported by
Korean businessman or travellers from tropical re-
gions such as Southeast Asia, Africa, America, or
other countries. In practice, many people who recen-
tly went abroad for various purposes increased from
year to year, and actually many cases of parasitic
diseases were imported by people returning to this
country from tropical countries. Thus, several reports
of imported malaria were published by many investi-
gators of Korea (Kim et al., 1966; Yoon et al., 1967;
Kim, 1967; Kim, 1968; Ahn et al,, 1983).

Ahn et al.(1983) reported on 51 cases of malaria
imported in Korea during the period from 1970 to
1982, of which 37 cases were detected abroad or
in the home country. They involved 4 P. vivax and
15 P. falciparum cases. The number of malaria cases
according to the localities from where they returned
is 12 cases from Africa such as Libia, Kenya, Came-
roon, Nigeria, Liberia, etc., 11 cases from Saudi Ara-
bia and Iran, etc., 9 cases from Southeast Asia such
as Burma and Indonesia, etc., and 1 case from Aust-
ralia. There were 2 cases of foreigners(India and
Malaysia) among them. Similar results have been
obtained by Soh et al.(1985) In the survey on Ano-
pheline mosquitoes in Korea, with a consideration
of their importance as malaria vector, Kobayashi
(1928) examined many specimens of the adult and
larval mosquitoes collected from various localities,
and reported for the first time that the principal vec-
tor of malarial parasite was A. sinensis. A study of
Yamada(1936) reported that among the blood meals
of A. sinensis collected from animal sheds, 82.5 per
cent fed on cows and none on man, however, among
those collected in human dwellings and railway sta-
tion in Seoul, 54.8 per cent and 80.3 per cent fed
on man, respectively, and Yokoo(1944) in a study
on the distribution and biology of mosquitoes repor-
ted that the seasonal prevalence of A. sinensis first
appeared in late March and they trapped large num
bers during the period from late June to mid-
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July.

He also stressed that A. sinensis seemed to serve
as a vector of setariasis of domestic animals in Korea.
Whang(1962) carried out the biological observations
on Anopheline mosquitoes in Korea, with special re-
ference to A. sinensis. It was found that Anopheline
mosquitoes began to appear from April or May and
disappeared in October each year. He also commen-
ted that Anopheline mosquitoes had a mainly zoophi-
lic habit, and since its man-biting rate was rather
low, it would cause a low infection rate of malaria.
Similar results in the vector mosquitoes have been
obtained by Nagai(1925), Kobayashi(1929), Yamada
(1936), Yokoo(1944), Paik et al.(1965), and Hong
(1970).

Seasonal fluctuation in numbers of A. sinensis have
been reported previously (Paik et al, 1965; Hong,
1970; Joo and Wada, 1985), but this is the first report
on a complete year’s collection with one-night per
week schedules. It seems that the month of highest
average catch in night was July, when the tempera-
ture was between 18,6 and 34.8C and the humidity
59-76 per cent. The earlist date of appearance and
disappearance in this survey was in mid-March or
early and mid-April and in late October or mid-Nove-
mber each year. The main factors contributing to
the earliest time of appearance and the change in
the density of the A. sinensis each year were conside-
red to be breeding sites such as rice fields and swa-
mps, etc., rainfall, temperature and humidity, etc.

The seasonal prevalence of A. sinensis has been
shown usually in the number of A. sinensis collected
by a light trap, but the numbers were found to fluc-
tuate day by day. Therefore, the total or average
number seems to be unfit for comparison of the abu-
ndance of A. sinensis. On the basis of this point, the
mean per cent index(MPI), being calculated from the
totals of vector mosquito collections at stations in
comparison with those in the standard year, were
used for the comparison of the annual abundance
of vector mosquitoes, The results shown in Table
5 and Table 6 indiciate that a marked decrease in
MPI was obtained in 1990-1991, and accompanied
with a decrease in the number of mosquitoes. Al-

though the main reasons for the decrease in popula-
tion levels of vector mosquitoes are not readily appa-
rent, it was considered to be due to the intermittent
irrigation or early planting of rice plants, extensive
uses of chemical insecticides and herbicides in far-
ming, high temperature and small precipitation, live-
stock and natural enemies, and the reduction of rice
fields by urbanization. Such consideration was also
recognized by Baik and Joo(1991), Russell and Rao
(1940), Surtees(1970) Chandler and Highton(1975),
Chandler et al.(1975), and Mogi(1984).

In this survey, A. sinensis blood feeding success
observed sometimes a reflection of mosquito abun-
dance. A. sinensis abundance during 1989 was greater
than in other years observed, and the same relation-
ship held true for the number of engorged mosquitos
collected during those years. However, monthly
engorgement success was not always linked to overall
mosquito collected abundance. In 1989, A. sinensis
was most abundant in July, but engorgement of fe-
male A. sinensis had the highest rate in August.

The results of a monthly fluctuation of engorged
number of A. sinensis during the period from 1987-
1991 indicated that blood feeding was significantly
associated with rainfall. Such consideration was also
recognized by Olson et al(1983), Russel(1986), Day
and Curtis(1989), and Baik and Joo(1991).

In the biting rhythm of A. sinensis in this survey,
this species appeared to be active throughout the
whole night, but was more active during darkness,
after sunset to mid-night. At that time the tempera-
ture was between 26.9 and 30.1 C and the humidity
67-76 per cent. In the present study the nocturnal
periodicity activity of the female A. sinensis was not
always similar by collection methods on the same
night. Although the environmental factors such as
temperature, light, humidity, etc., should be impor-
tant in determining the attraction of mosquitoes, this
data can not be explained fully only by the hourly
changes of these factors when the collection was
made. Further work along this line is needed.

Ree et al.(1967) carried out a study on the natural
infection of P. vivax in A. sinensis in Korea, and re-
ported for the first time that of 7,517 dissections
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of A. sinensis, only one specimen was found to be
naturally infected with the sporozoite in August,
1962, They also commented that the abundance of
Anopheline mosquitoes did not always seem to coin-
cide with the incidence of malaria.

As for experiments with Korean P. vivax, valuable
information was published in Japan by Otsuru(1949)
who succeeded in infecting 25.7 per cent of Japanese
A. sinensis fed on a patient with this parasite. Similar
experiments were performed by Ham(1970). He also
reported that oocysts were found in 17 per cent of
the A. sinensis fed on patients.

In the present survey, the population density of
A. sinensis was relatively abundant but no infection
for the occysts or sporozoites of P. vivax was found
among 717 female A, sinensis dissected. Such a result
seems to be affected by human and socioeconomic
factors in relation to the ecology of vector mosqui-
toes, ie., the gradual elevation of living standards
of the residents, gradual awakening and behavior
of the residents to protect themselves from mosquito
biting using such preventives as mosquito nets and
insecticide sprays. The relatively short period of mo-
squito season each year may also affect the transmis-
sion of Korean vivax malaria.

The immature stages of the Anopheline mosqui-
toes occur in a variety of habitats among which the
most important is the rice fields in Korea. The eco-
logy of this species in various rural and suburban
areas in Korea and other parts of the world have
been studied by many investigators. Some of their
results indicate that the seasonal fluctuation in the
larval population densities in paddy water is marke-
dly different from field to field in the same area
and/or from year to year in the same field.

In the present survey, the total number of larval
A, sinensis in rice fields was highest in early July,
when the fields were undergoing rice transplanting,
and its number progressively decreased in early Au-
gust by insecticide sprays. After mid-September, de-
nsities showed a marked decrease and both larvae
and pupae of the vector mosquitoes were rarely
found until rice plants were harvested.

A similar result of peak abundance of vector mos-

quitoes from rice fields in Kyungpook Province of
Korea was recorded by Baik and Joo(1991) who also
reviewed published observations from other parts
of the world. In Korea, A. sinensis were always colle-
cted from parsley fields and open stagnant but relati-
vely clean water, also in stream pools or sluggish
streams near the villages in early April. A study of
Whang(1962) reported that only female A. sinensis
with sperms in the spermathocae hibernated in cel-
lars and animal sheds, etc., because male mosquitoes
were not found. Further work along this line is nee-
ded. He also commented that A. sinensis from various
habitats moved progressively in a series of dispersal
flights until whole areas was finally repopulated by
mid-summer each year.

From their study on the toxicity of agricultural
pesticide applications to several ‘mosquito species in
south Korean rice fields, Self et al.(1973) reported

- that the use of agricultural insecticides had reduced

larval rice field populations throughout Korea. On
the contrary, Chandler and Highton(1976) and Ser-
vice(1977) reported an increase in larval densities
and adult population, respectively following the app-
lication of insecticides to control rice pests in the
Kisumu area of Kenya. In both cases these increases
were attributed to the suppression of predator popu-
lations(Snow, 1983). There is evidence that the wide-
spread use of insecticides in agriculture has been
responsible for the selection of resistant strains of
vector mosquitoes in various parts of the world.
In the studies on insecticide resistance of vector
mosquitoes in Korea, Lee(1969) reported for the first
time that A. sinensis as a malaria vector was found
to be resistant to dieldrin and susceptible to DDT,
but C. tritaeniorhynchus was highly resistant to both
dieldrin and DDT. Ree et al.(1979) studied the control
effects of agricultural pesticides against mosquito po-
pulations of rice paddy breeding species in Korea,
and reported that the mortality rates of A. sinensis
on the second days of the treatment were 12 per
cent to BPMC, 38 per cent to diazinon, and 10 per
cent to fenitrothion. They also commented that this
species had developed a high degree of resistance
to some insecticides, and that organophosphorus
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and carbamate insecticides seriously affected the po-
pulation of the aquatic organisms in the rice fields
besides mosquitoes.

In recent years, from their studies on epidemio-
entomological survey of Japanese encephalitis in Ko-
rea, Baik and Joo(1991) reported that C. tritaeniorhy-
nchus had developed high resistance to most of the
insecticides as compared with the results of suscepti-
ble strains reported by Yasutomi and Takahashi
(1987). Similar results of insecticide resistance of A.
sinensis and C. tritaeniorhynchus were reported by
Shim and Kim(1980 and 1981), Yasutomi et al.(1986),
and Baik and Joo(1987) who also reviewed published
observations from other parts of the world.

The results of the present study indicate that the
resistance ratio to organophosphorus compounds in
Kyungsan colonies of A. sinensis, relative to suscepti-
ble colonies, were nearly 4 times. Resistance being
higher of A. sinensis suggests that this is probably
related to some difference in the opportunity of con-
tact of the insecticides and fungicides. Such conside-
rations were also recognized by Self et al.(1973),
Mogi(1978), and Yasutomi and Takahashi(1987).

Summary

The seasonal prevalence and population dynamics
of Anopheles sinensis in relation to the epidemic of
Plasmodium vivax, and the ecology of this vector mo-
squito in Kyungpook Province were studied during
the period of 5 years from 1987 to 1991, and the
incidence of Plasmodium vivax among the residents
in northern parts of the Province were also studied.

Anopheles sinensis first collected in April between
the 2nd and 20th days, but in March from the 15th
day in 1989, and trapped in large number during
the period from early July between the 5th and 12th.
There was a gradual decrease from mid-August, with
a very small number of them collected until mid-No-
vember, each year. The average number of Anopheles
sinensis in July was 542.6 per trap-night in 1987,
but in 1989 increased abruptly to 1,331.4, it then
decreased to considerably lower levels, with an ave-
rage of 2719 in 1990 and 372.1 in 1991.

In the trend of nocturnal activity of Anopheles sine-
nsis, with oncoming darkness, this vector mosquito
becomes very active, gradually decreasing in activity
toward mid-night, however, then slightly increasing
toward dawn.

The immature stage of Anmopheles sinensis first
found in the rice fields contributed to peak adult
densities in early July. The highest larval densities
of Anopheles sinensis in the study area was 21,226 X
10° in early July 1990.

The larval Anopheles sinensis showed high resista-
nce level and resistance ratios against 3 kinds of
organophosphorous compounds, diazinon, malathion,
and fenitrothion, but low resistance against fenthion.

A total of 1,546 residents were examined, no case
was found to be infected with Plasmodium vivax.
Key-words: Anopheles sinensis, seasonal prevalence,

~ population dynamics, Plasmodium vivax,
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mwEd olA =H# wietelole] BeE,

BUIABE GHAR FAMR HE

(B3 #h%)

B rime] ol = A vielelo} kAR, FZUESMNE 7] (Anopheles sinensis) S FHiR) HBEBES
FeEEE) o) ZH 2 vheEtelol BA S AT X BEE MEEY] 93 1987458l 5 BILEY LB
Fme g AR A RS, 19894 E) 3EM Bl BT IRAK BERAA 2758 RERET TS
ol-&d WMiTHme s el Bk JtEiR EREAAY vtetelol RS MEIA

198745 2B 19904E71A) FH Ao g FXASINEr|7) EHe dxle FERZ & £RE U
el e, SAPgAA 4 mArold BERHAT, 718 E& BEFES EAZE TREdA haold
o, 1 #% AH B 1LAWES bt A8 REER G #EY 25 RO EERe
BREBFFE Z2R71 dRNom I KL 05-67.9% At FHETENE Y REEE B 198740 F st
19894 71 R& #Ul BEHNLH, L % FAF] @Bt 1990 e 7HE AL Bt REH AL ®HE
TEBES 228oll A 238 A ol o)l 7} FEREIF 0B, 1t ARl BAS 7 Al 4-56Fo] chA oF 2 #nskd o).
SZYESGN B GHS 6H P =M A& BRANL T BES TATH € bad 7HE %oy Im*F
TiME 19904 7H WHele 14157 9ok 9AFRmolF e 2 BEY 843 Bissd $342
AR shES 3R] AR Wil F& EHME eI BHE deEhiR R 154689 3191A
=H# viglelo) BYukS WEIEY bl nielelol BRET BRY & ATk



