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Border malaria characters of reemerging vivax malaria in

the Republic of Korea

Weon-Gyu KHO", Ji-Yeon JANG", Sung-Tae HONG?, Hyong-Woo LEE?,
Won-Ja LEE* and Jong-Soo LEE®

Department of Parasitology and Institute of Malariology!), Inje University College of Medicine,
Pusan 614-735, Department of Parasitology and Institute of Endemic Diseases?,

National Institute of Health, Seoul 122-701, Korea

Abstract: Since 1993, the number of vivax malaria cases has increased every year in the
northern part of the Republic of Korea (ROK). This study was designed to characterize
factors related to the reemergence of malaria in the ROK. A total of 21 cases diagnosed in
1993 and 1994 distributed sporadically in the narrow zone along the demilitarized zone
(DMZ). Of total 317 civilian inhabitant cases reported in 1994-1997, 287 cases were
studied and 80.8% of them resided within 10 km from the southern border of the DMZ.
The frequency distribution of anti-Plasmodium vivax antibody titers using indirect
fluorescent antibody test was compared in three villages in relation with distance from the
DMZ. The number of inhabitants with high antibody titers was larger in the village nearest
to the border than that in more distant villages. The present results highly suggested that
the reemerging vivax malaria start in the border area, most possibly caused by infected
mosquitoes which flew across the border. This pattern of transmission repeated year after
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Recently, Plasmodium vivax malaria has
INTRODUCTION reemerged or resurged in several countries

Malaria is the most important tropical
disease putting more than half of the world’s
population at risk with 200 million estimated
cases and two million deaths each year.
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including India, Peru, and China (Gubler,
1998; Sleigh, 1998). In the Republic of Korea
(ROK), vivax malaria has also reemerged after
being absent for more than 10 years. The
number of vivax malaria cases has been
increased: one in 1993, 20 in 1994, 107 in
1995, 356 in 1996, 1713 in 1997 (Kim et al.,
1998; Lee et al., 1998).

Since it was widely believed that indigenous
vivax malaria was completely eradicated in the
ROK during the mid-1970s and early 1980s
(Paik et al., 1988), an explanation that the
source of infection persists within the territory
of the ROK is unlicely. From the beginning of
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the present epidemic, several possibilities have
been suggested to explain the source of
reemerging infection. Since all the initial cases
did not originate from abroad, the possibility of
foreign contraction could be eliminated (Chai
et al., 1994; Cho et al., 1994). An alternative
explanation could be that foreign immigrants
themselves were carriers who were from
malaria endemic countries (Chai et al., 1994).
Cho et al. (1994) and Ree (1998) also
suggested a different possibility that infected
mosquitoes across the demilitarized zone
(DMZ) could initiate the spread of malaria.

Some epidemiological studies including case
analysis and entomological investigation have
been undertaken (Yim et al., 1996; Shim et al.,
1997; Kim et al., 1998; Lee et al., 1998).
However, the origin of present epidemic is still
unclear. To undertake a successful control
measure, it is very important to identify the
origin and the path of transmission. Therefore,
this study was designed to find out the factors
related to reemerging vivax malaria in the
ROK.

MATERIALS AND METHODS

Geographical distribution of cases
detected in 1993 and 1994
To trace the origin of the present epidemic,
the time-space distribution of initial cases
based on their date of onset and their
residential places was analyzed. A total of 21
vivax malaria cases was reported in 1993 and
1994. Eighteen were in the military service,
two were local civilian inhabitants, and one
was an ex-soldier. Giemsa stained blood smear

of those cases were re-examined. All of them
were positive for P. vivax infection. A few
questions were asked to the patients,
including their onset of illness, their activities,
and locality during 3 years since the onset of
illness, etc. From the interview, the locations
where they contracted malaria were deter-
mined. The locations were marked on a map
with numbers showing the chronological order
based on the date of onset.

Geographical distribution of civilian
inhabitant cases detected in 1994-1997

To characterize the pattern of malaria trans-
mission in the present epidemic, time-space
distribution of cases reported in 1994-1997
was also analyzed. In the period, a total of
2,219 vivax malaria cases, including military
cases, was reported to the government. Among
650 civilian cases, 317 cases were inhabitants
of the endemic areas in the northern part of
Kyonggi-do or western Kangwon-do. The other
333 civilian cases were ex-soldiers, travelers,
or workers who passed through the endemic
areas (Lee et al., 1998). These civilian cases
and all the military cases were excluded in this
study because the sites of their location were
not as exact as we required mapping. Of the
317 civilian inhabitant cases, 30 had no exact
addresses and they were also excluded in this
study (Table 1). The residences of 287
inhabitant cases were plotted on a map.
Because all the subjected cases were located
within 20 km from the southern border of
DMZ, the 20 km zone was divided into four
sectors by 5 km wide to show the relationship
between transmission of malaria and the

Table. 1. Annual number of vivax malaria cases in the Republic of Korea and number of inhabitant cases

studied, 1994-1997

No. of cases

1994 1995 1996 1997 Total
Reported® 20 107 356 1,713 2,219
Civiliansa! 3 19 71 557 650
Civilian inhabitantsb) 2 5 39 271 317
Subjected inhabitants®) 2 5 39 241 287

alquoted from Lee et al. (1998).

blexcluded the civilians who were ex-soldiers. travellers or workers.
cexcluded the civilian inhabitants without exact addresses.



distance from the MZ.

Seroepidemiologic study

To estimate the intensity of transmission in
relation with distance from the DMZ, the
frequency distribution of anti-P. vivax antibody
titers in three villages were compared.
Together with Yonchon-gun (county), Paju-gun
is one of the most prevalent areas in the
present epidemic. Therefore, the sero-
epidemiologic study was carried out in Paju-
gun. The study area is located in the northern
part of ROK lying between latitude 37°43" N
and 38°00"N, longitude 126°45E and 127°00’
E. It is bordered on its west side by Hangang
(River) and Imjingang (River). Between
December 1997 and January 1998, blood
specimens of inhabitants were collected from
three villages, which were Majong-ri, Munsan-
ri, and Sinsan-ri (Fig. 1). The shortest distance
between DMZ and each village is 2 km
(Majong-ri), 2.3 km (Munsan-ri), and 7.3 km

(Sinsan-ri). In collaboration with local health
centers, 90 blood samples were collected from
Majong-ri, 91 from Munsan-ri, and 88 from
Sinsan-ri, respectively. The subjects came
from all age and both sexes. The mean age
(range) of subjects in each village was 53.97
(5-82) in Majong-ri, 34.91 (2-82) in Munsan-ri,
and 37.34 (5-75) in Sinsan-ri, respectively. The
sex ratio (male to female) was 0.91 in Majong-
ri, 0.60 in Munsan-ri, and 0.73 in Sinsan-ri,
respectively. They were asked a couple of
questions regarding their age, sex, and recent
history of fever. Blood smears were examined
by microscopy after Diff-Quik staining. Sera
were subjected to the indirect fluorescent
antibody test (IFAT).

The IFAT was carried out according to a
modified method of Voller and O’'Neill (1971).
Briefly, a two-fold dilution system was applied
to each sample. The samples at each dilution
were overlaid on P. vivax antigen spots
prepared on glass slides. The antigen was

Chorwon

Fig. 1. Geographical distribution of vivax malaria cases detected in 1993 and 1994. The locality of each
case is numbered in a circle ((O) sequentially according to the onset date of illness. The localities where
the sero-epidemiology was carried out are marked with triangle (A). ADL, armistice demarcation line:
DMZ, demilitarized zone: ROK, Republic of Korea: DPRK, Democratic People's Republic of Korea.



prepared from infected blood of a patient who
had contracted vivax malaria in ROK. After
incubation and washing, fluorescein
conjugated rabbit anti-human IgG (Sigma, St.
Louis, USA) (diluted to 1:30) was placed on
each spot. Following the final washing, titers
were determined by reading with an irrcident
light illuminating type fluorescent microscope.

RESULTS

Geographical distribution of cases
detected in 1993 and 1994
The area of interest lies between latitude
37°31’'N and 38°24’'N, longitude 126°04"E
and 127°27 E. All the cases were distributed
in a narrow zone, less than 20 km in width
and about 125 km in length. The zone lay from
west to east, along the DMZ, from Kangwha-

gun, Kyonggi-do to Chorwon-gun, Kangwon-
do. The cases were detected in six counties
(guns); Kangwha, Kimpo, Paju, Yonchon,
Pochon, and Chorwon-gun (Fig. 1). Infected
soldiers were restricted to their areas because
of their military duty. Two female civilian
patients denied leaving their hometown for
several years.

Geographical distribution of civilian
inhabitant cases detected in 1994-1997
The studied cases were residents of
Kanghwa, Kimpo, Koyang, Paju, Yonchon,
Pochon, Chorwon, Yangju-gun, and Tongdu-
chon-shi. Most cases (75.9%) were localized in
Paju and Yonchon (Fig. 2; Table 2). The
localities of inhabitant cases distributed along
the DMZ. During 1994-1997, 232 inhabitant
cases (80.8%) resided within 10 km from the
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Fig. 2. Distribution of 278 civilian inhabitant cases of vivax malaria in 1994-1997. The residences of
each case is marked. Among 278 cases, 232 (80.8%) were detected within 10 km from the southern
border of the demilitarized zone (DMZ). ADL, armistice demarcation line; ROK. Republic of Korea; DPRK,

Democratic People’s Republic of Korea.



— 75—

Table 2. Distribution of the subjected civilian inhabitant cases of vivax malaria, presented by the
counties, 1994-1997

Locality (gun) 1994 1995 1996 1997 Total (%)

Kangwha & Kimpo 0 1 0 29 30 (10.5)
Paju 2 1 18 112 133 (46.3)
Yonchon 0 2 15 68 85 (29.6)
Others?) 0 1 6 24 39 (13.6)

aKoyang. Pochon, Chorwon. Yangju-gun, and Tongduchon-shi.

Table 3. Distribution of civilian inhabitant cases of vivax malaria according to the distance from the
southern border of the demilitarized zone, 1994-1997

Year >0-5 km >5-10 km >10-15 km >15-20 km
1994 2 (100.0%) 0 0 ¢}
1995 2 (40.0%) 1 (20.0%) 2 (40.0%) [¢]
1996 18 (46.1%) 14 (35.9%) 3 (7.7%) 4 (10.3%)
1997 112 (46.5%) 83 (34.4%) 37 (15.4%) 9 (3.7%)
Total 134 (46.7%) 98 (34.1%) 42 (14.6%) 13 (4.5%)
titers of subjects were relatively low (1:32-
10 1:512). All of the studied people were negative
g sl for malaria parasites by the microscopic
8 * Majong examination.
e 6 & Munsan
s & Sinsan
g 4 DISCUSSION
£
z 2 Concerning the origin of infection which led
0 into the present epidemic, two major possi-
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Fig. 3. Frequency distribution of antibody titers
in the civilian inhabitants of Majong. Sinsan and
Munsan-ri in 1998. The locality of the villages are
marked in Fig. 1.

southern border of the DMZ. Forty two cases
(14.6%) were residing between 10 km and 15
km from the border, and 13 (4.5%) residing
over 15 km from the border (Fig. 2; Table 3).

Seroepidemiology
Antibody titer of 1:32 or higher was regarded
as sero-positive. The sero-positive rates were
12.2% in Majong-ri, 4.4% in Munsan-ri, and
8.0% in Sinsan-ri, respectively. The frequency
distribution curves of the IFA titers in each
examined village are shown in Fig. 3. The IFA

bilities have been discussed (Chali et al., 1994;
Cho et al., 1994; Ree et al., 1998). The first
possibility was that undiagnosed imported
malaria cases provided a nidus for reestablish-
ment of this epidemic. In the ROK, immigrant
of workers from malaria endemic countries
began to increase since the early 1990s. This
possibility should be considered. The second
possibility is that the cases were infected
malaria by mosquito that came across the
DMZ. The geographical and chronological
occurrence patterns of initial three cases and
the ecologically favorable conditions for
malaria transmission in this area back up this
possibility (Cho et al., 1994).

The results of the present study strongly
support the second possibility. First of all, the
time-space distribution of cases detected in
1993 and 1994 shows that malaria occurred
sporadically in a vertically narrow and



horizontally wide zone along the DMZ during a
relatively short period. If this epidemic
originated from one or several sources of
infection, the geographical distribution of
initial cases would spread from one or more
foci. However, the initial cases distributed
diffusely in the area 125 km in length after two
short transmission seasons. Furthermore,
most of the patients were restricted to their
areas. Therefore, this distribution can be
explained only when large number of
mosquitoes, which flew from endemic areas
near the present endemic areas, attacked
simultaneously the present endemic area in
the ROK.

Second, the cases were more concentrated
in areas closer to the DMZ as shown in the
distribution map of civilian inhabitant cases,
which were detected during 1994-1997. This
pattern of distribution repeated year after year.
Besides civilian inhabitant cases, 70.4% of the
total cases detected in the same period were
military soldiers. Including ex-soldiers, 81.3%
of the total cases contracted malaria during
their military service (Lee et al., 1998). During
1994-1997, all the military cases had histories
of services in or near the DMZ during malaria
transmission seasons (Kim et al., 1998). These
findings meant that almost all cases
contracted malaria near the DMZ.

Furthermore, the sero-positive rate of people
was relatively higher in the village closest to
the DMZ. As shown in frequency distribution
curves of IFA titer, the titer was very low. The
number of inhabitants with high antibody titer
was larger in the village nearest to the DMZ
than in more distant villages. When trans-
mission of malaria in an area is increasing, the
number of the high titer reactor is also
increasing (Suzuki, 1991). Our result in the
present study meant that the malaria was
more actively transmitted in the villages near
the DMZ. Above results suggest that people in
the area near the DMZ more easily contract
malaria than those in areas further from the
‘DMZ.

Our results of the case detection surveil-

lance, distribution, and seroepidemiological
findings highly suggested that the reemerging
vivax malaria start in the border area, most
possibly caused by infected mosquitoes which
flew across the border. This pattern of trans-
mission occurred repeatedly year after year.

REFERENCE

Chai IH. Lim GI, Yoon SN, Oh WI, Kim SJ. Chai
JY (1994) Occurrence of tertian malaria in a
male patient who has never been abroad.
Korean J Parasitol 32: 195-200.

Cho SY. Kong Y. Park SM., et al. (1994} Two vivax
malaria cases detected in Korea. Korean J
Parasitol 32: 281-284.

Gubler DJ (1998) Resurgent vector-borne
diseases as a global health problem. Emerg
Infect Dis 4: 442-450.

Kim DI, Lee JC, Koo SH (1998} Epidemiological
study of malaria outbreak in the DMZ of ROK
(II). J Korean Mil Med Ass 29: 26-40.

Lee JS, Kho WG, Lee HW, Seo M. Lee WJ (1998)
Current status of vivax malaria among
civillians in Korea. Korean J Parasitol 36:
241-248.

Paik YH. Rhee HI, Shim JC (1988) Malaria in
Korea. Jpn J Exp Med 58: 55-66.

Ree HI (1998) Can malaria be endemic in South
Korea. Korean J Inf Dis 30: 397-400.

Shim JC, Shin EH, Yang DS. Lee WK (1997) v
Seasonal prevalence and feeding time of
mosquitoes (Diptera: Culicidae) at outbreak
regions of domestic malaria (P. vivax) in
Korea. Korean J Entomol 27: 265-277.

Sleigh AC. Liu XL. Jackson S. Li P, Shang LY
(1998) Resurgence of vivax malaria in Henan
province, China. Bull WHO 76: 265-270.

Suzuki M (1991) Malaria immuno-epidemiology- a
trial to link field study with basic science.
Kaohsiung J Med Sci 7: 224-232.

Voller A, O'Neill P (1971) Immunofluorescence
method patterns as determined by the IFA
test in U.S. servicemen after chemotherapy.
Am J Trop Med Hyg 19: 401-404.

Yim HW, Suh GY. Ahn YS, et al. (1996} Epi-
demiologic and clinical analysis of 81
indigenous malaria in Korean soldiers in
1995. Korean J Inf Dis 28: 219-224.



