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Abstract: Changing patterns of the reemerging Plasmodium vivax malaria in the Republic of Korea (South Korea)
during the period 1993 to 2005 are briefly analyzed with emphasis on the control measures used and the effects of
meteorological and entomological factors. Data were obtained from the Communicable Diseases Monthly Reports
published by the Korea Center for Disease Control and Prevention, and webpages of World Health Organization and
United Nations. Meteorological data of Kangwon-do (Province) were obtained from local weather stations. After its
first reemergence in 1993, the prevalence of malaria increased exponentially, peaking in 2000, and then decreased.
In total, 21,419 cases were reported between 1993 and 2005 in South Korea. In North Korea, a total of 916,225 cases
were reported between 1999 and 2004. The occurrence of malaria in high risk areas of South Korea was significantly
(P < 0.05) correlated with the mosquito population but not with temperature and rainfall. Control programs, including
early case detection and treatment, mass chemoprophylaxis of soldiers, and internationai financial aids to North
Korea for malaria control have been instituted. The situation of the reemerging vivax malaria in the Republic of Korea
is remarkably improving during the recent years, at least in part, due to the control activities undertaken in South and
North Korea.
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naturally occurring human malaria species in the
INTRODUCTION
Republic of Korea (hereafter referred to as South

Vivax malaria due to Plasmodium vivax, the only = Korea), was endemic in South Korea until the late

) 1970s, when the country became malaria free (Paik et
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1999). Subsequently, malaria cases rapidly decreased,
with the implementation of the National Malaria
Eradication Service, which was established jointly by
the South Korean government and the World Health
Organization (WHO) in 1959 (Ministry of Health and
Social Affairs, Republic of Korea, 1966). Consequently,
after the 1970s, indigenous malaria cases were almost
unheard of, though 2 such cases were reported in 1984
(Soh et al., 1985). During the same period a substantial
number of imported malaria cases was reported
(Chai, 2002).

However, indigenous vivax malaria reemerged in
1993; a South Korean soldier working at the western
edge of the demilitarized zone (DMZ; the border
between South and North Korea) in Kyonggi-do
(Province), was confirmed to have contracted P. vivax
malaria (Chai et al., 1994). Thereafter, the number of
malaria cases increased exponentially year by year,
peaking in 2000 (Feighner et al., 1998; Chai, 1999; Lee
et al., 2002; Park et al., 2003). North Korea, which stat-
ed that it was free of malaria from the 1970s, also
started reporting cases in 1998 from the northern part
of the DMZ bordering South Korea (Chol et al., 2005).
Since then, the number of malaria cases in North
Korea has increased dramatically and reached around
300,000 in 2001. Therefore, in 1999, the North Korean
government developed a national malaria control pro-
gram in cooperation with WHO, to reduce the malaria
burden (Chol et al., 2005).

In South Korea, during the period 1993-1996, the
outbreak area was confined to the northern part of
Kyonggi-do and northwestern Kangwon-do, near the
DMZ (Chai, 1999). However, after 1997, the outbreak
area extended in an easterly direction to the northeast-
ern region of Kangwon-do and in a southerly direc-
tion in Kyonggi-do (Lee et al., 2002; Park et al., 2003),
and it was feared that this southward trend would
continue. To cope with this risk, the present national
malaria control program was launched in 1997 (Korea
Center for Disease Control and Prevention, Republic
of Korea, 2002). This program includes early case
detection and treatment, chemoprophylaxis of sol-
diers, vector control, personal protection, and finan-
cial aids to North Korea for malaria control.

In addition to control activities, meteorological
(temperature and rainfall) and entomological factors
(mosquito density) may have significant impacts on
malaria transmission. For instance, the incidences of
malaria were related to local climatic variables in
China (Bi et al., 2003) and Rwanda (Loevinsohn, 1994).
However, in South Korea, no published data is avail-
able concerning the relations between temperature,
rainfall, the population density of the vector mosqui-
toes, and the incidence of malaria.

The aim of the present paper is to briefly summa-
rize vivax malaria outbreaks over the period 1993 to
2005 in South Korea, and to analyze the efficacies of
the control activities implemented since 1997, and the
impacts of meteorological and entomological factors
on disease occurrence.

MATERIALS AND METHODS

Malaria is designated an important communicable
disease and case details must be reported immediately
to the Ministry of Health and Welfare in South Korea.
In the present study, all cases reported since the first
reemergence of indigenous vivax malaria case in 1993
were subjected to analysis. Patients” occupations, i.e.,
civilians, soldiers on duty, and retired soldiers, were
obtained from the Communicable Diseases Information
System (http://dis.cdc.go.kr) and from the Com-
municable Diseases Monthly Reports issued during
the study period by the Korea Center for Disease
Control and Prevention (KCDC), Ministry of Health
and Welfare, South Korea. Information about malaria
prevalence in North Korea and financial support for
malaria control was obtained from the KCDC, World
Health Organization (WHO) (http://www.who.int)
and the United Nations Office for the Co-ordination of
Humanitarian Affairs (OCHA), Pyongyang, Demo-
cratic Peoples” Republic (DPR) of Korea (http://
www.humanitarianinfo.org/dprk) and from the
United Nations (UN) (http:/ /www.reliefweb.int).

The annual geographic distributions of malaria
cases in South Korea over 12 years were determined
by grouping cases by city and province where
patients were located when a diagnosis of malaria was
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made. Information about the time required to make a
diagnosis of malaria after the onset of symptoms,
were obtained from the reports of patients admitted to
local health centers and hospitals in Kangwon-do,
South Korea.

Meteorological data, i.e., mean temperature and
rainfall for the main transmission period (the 6 mo
period from May to October), recorded at local weath-
er stations in Cheolwon-gun, Kangwon-do, a malaria
endemic area near the DMZ, were obtained from the
Korean Meteorological Administration, South Korea.

The population densities of adult anopheline mos-
quitoes, over 90% of which is Anopheles sinensis, the
main vector mosquito for vivax malaria in the
Republic of Korea (Chai, 1999), were determined dur-
ing the transmission period at one location in
Cheolwon-gun, Kangwon-do, from 1993 to 2004 by
two (WS Seok and YS Kim) of the authors. Adult
anopheline mosquitoes emerged from the first week
of May (1-10 mosquitoes/trap/night) and disap-
peared from the last week of October (0-14 mosqui-
toes/trap/night). A black light trap (Nozawa type,
Shinyoung Korea Co., Seoul, Korea) was hung from a
fence about 1.5 m above the ground in shed housing
one cow. Black light traps were operated without
additional attractants from 18:00 to 06:00 hr twice a
week during the study period. All captured mosqui-
toes were transported the following morning to the

Kangwon Institute of Health and Environment, where

they were identified, separated, and the number of
anopheline mosquitoes was counted.

Mass chemoprophylaxis (1 chloroquine tablet; 300
mg base) has been administered by ‘the Ministry of
Defense to a total of 985,282 soldiers working around
outbreak areas (northern parts of Kyonggi-do and
Kangwon-do) weekly from 1997 to 2005. Chemopro-
phylaxis was also prescribed to a total of 12,189 US
soldiers in South Korea during the period 1997-2000.
Retiring Korean soldiers were advised to take pri-
maquine 15 mg base daily for 14 days for chemopro-
phylaxis against the liver stage parasite at the time of
their retirement.

Spearman’s correlation analysis was used to exam-
ine correlations between the number of new malaria

cases, year, climatic factors, i.e. annual mean tempera-
ture (°C) and rainfall (mm), and the annual mean
number of mosquitoes trapped during May to
October. The monthly mean number of anopheline
mosquitoes, and the mean number of mosquitoes
trapped weekly and annual totals were calculated
from mean monthly numbers trapped during the 6
month transmission period. P values of < 0.05 were
regarded as statistically significant.

RESULTS

During the past 13 years (1993-2005), at least
937,634 indigenous vivax malaria cases have been
reported in the Korean peninsula (South Korea and
North Korea) (Table 1). Based on available data
between 1999 and 2004 in South and North Korea, the
number of cases reported peaked in 2001 with 298,058
cases in the Korean peninsula. In South Korea, during
the period 1993-2005, a total of 21,419 indigenous
vivax malaria and 488 imported malaria cases were
confirmed (Table 1). The indigenous malaria patients
included 8,353 (39.0%) civilians and 13,066 (61.0%)
soldiers, including 5,626 retired soldiers (26.3%) who
had retired from military service for less than one year
at disease onset. The number of reported cases peaked
in 2000 with 8.9 cases per 100,000 of the South Korean
population. Thereafter, the number of reported cases
declined sharply by approximately 26-40% per annum
to 1.8-2.9 cases per 100,000 of the population in 2004-
2005 (Table 1).

The annual incidence rate (including retired sol-
diers discharged < 1 year prior to onset and soldiers
on duty) peaked at 457.3 cases per 100,000 soldiers in
2000. The incidence decreased by more than 84%
between 2000 and 2004, but then increased by 35% in
2005 (Table 1). The same trend, i.e., peak in 2000 fol-
lowed by a sharp decline until 2004 and a rise in 2005,
was observed both among serving and retired sol-
diers. Among civilians, the annual incidence rate
peaked at 3.3-3.4 cases per 100,000 in 1999-2000, and
then decreased to 0.9 in 2004, but increased again to
1.9 in 2005 (Table 1).

In 1999, total 95,960 malaria cases were reported in
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Table 1. Vivax malaria cases reported annually among civilians and soldiers in South Korea and North Korea

Number of reported cases (Annual cumulative incidence per 100,000 population)

Group 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Total

South Korea

Civilians 0o 2 7 46 361 1,148 1541 1580 1,047 864 542 413 802 8353
00) ©0) (00) (1) (08 (25 (3) (G4 (23 (19 12 09 19

Soldiers

Retired® 0 1 12 25 207 1,127 9% 1273 756 472 279 159 319 5626

On duty 1 18 88 287 1,155 1655 1,085 1,288 685 430 282 236 230 7440

Subtotal 1 19 100 312 1,362 2,782 2,081 2561 1441 902 561 395 549 13,066
(02) (34) (17.9) (55.7) (243.2) (496.8) (371.6) (457.3) (257.3) (161.1) (102.0) (71.8) (96.7)

Total 1 21 107 358 1,723 3930 3622 4141 2488 1,766 1,103 808 1,351 21,419
(00) 00) (02 (07 (G6 (83 @79 (B9 (G4 (B9 (24 18 (29

North Korea? NDY ND ND ND ND ND 95960 204,428 295570 240,339 46,251 33,677 ND 916,225

(4323) (920.8) (1,3314) (1,082.6) (208.3) (151.7)

Total, indigenous cases 99,582 208,569 298,058 242,105 47,354 34,485 937,634

US Army soldiers® 0 1 0 14 34 47 53 2 29 41 23 15 ND 299

Imported malaria ND 6 30 41 40 63 53 41 43 4 61 37 29 488

a)

charge from the service.

Retired soldiers, who were infected during military service in risk areas and developed febrile illness at home after dis-

Y)Data were obtained from webpages of World Health Organization (http://www.who.int), the United Nations Office
for the Co-ordination of Humanitarian Affairs, Pyongyang, Democratic Peoples’ Republic of Korea (http://www.
humanitarianinfo.org/dprk), and from the United Nations (http:/ /www reliefweb.int).

“JUnited States Army cases were diagnosed either in South Korea or after return to the United States.

d)Imported malaria cases in South Korea, who were infected in Southeast Asia, Africa, Oceania, and in Central and South

Americas.
®)ND = no available data.

North Korea, but this increased explosively 3-folds
between 1999 and 2001 (1,331.4 per 100,000 North
Korean population), and after 2002 decreased sharply
to 208.2 and 151.7 per 100,000 population in 2003 and
2004, respectively (Table 1).

The annual numbers of malaria cases reported by
nationwide administrative districts (provinces and
large cities) are given in Fig. 1, as sums of 2 years,
from 1994-1995 to 2004-2005. Of the total 21,419 cases
registered during the 12 year period, most (85.4%)
developed febrile illness in northern provinces and
cities near the DMZ (the highest risk areas), including
10,411 cases (48.6%) in Kyonggi-do, 3,083 (14.4%) in
Kangwon-do, 2,710 (12.7%) in suburban Seoul, and
2,089 (9.8%) in suburban Incheon (Fig. 1). In Kyonggi-
do, the most serious outbreak area, the peak incidence
occurred in 1998 with 2,197 cases, and decreased grad-

ually afterwards. However, in Kangwon-do, the sec-
ond most serious outbreak area, the peak incidence of
825 new cases, occurred in 2000. Small numbers of
cases were reported from various Provinces and Cities
countrywide through 12 years, although these cases
were predominantly among retired soldiers who had
served in northern parts of Kyonggi-do or Kangwon-
do about a year previously, thus indicating a long
incubation period. The numbers of patients reported
in other Provinces and Cities are shown in Fig. 1.
Meteorological data, i.e., annual mean temperature
and rainfall, and mean mosquito population densities,
during 1993-2004, were analyzed in terms of their
relationships with the annual total numbers of malaria
cases reported in Kangwon-do, South Korea (Table 2).
Spearman’s correlation analysis showed that the
occurrence of malaria in high risk areas was correlat-
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Fig. 1. Maps of South Korea, showing the numbers of indigenous vivax malaria cases reported by administrative districts
(Provinces and Cities, including Incheon and Seoul) from 1994-1995 to 2004-2005. The figure represents the number of
patients who developed febrile illness and were diagnosed in the district, but does not necessarily mean actual contrac-
tion of malaria in each district.

ed with the mosquito population, only with low sig- The time required for a diagnosis of malaria from
nificance (P = 0.048), and no positive association was  the onset of febrile paroxysm has reduced year by
observed with temperature or rainfall (Table 2). year in most outbreak areas of Kangwon-do. For
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Table 2. Mean annual temperatures, rainfalls, and anopheline mosquito population densities compared to annual malar-

ia incidence rate in Kangwon-do, South Korea, from 1993 to 2004

Mean annual variables

Ttem P-value?

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Mean temperature CCP 180 196 185 188 188 198 196 195 199 183 183 187 0.09
(May - Oct.)
Mean rainfall (mm) 130.0 165.8 2293 196.3 1629 2256 2554 1629 1959 1659 2434 1629 0.593
(May - Oct.) o
Mean number of mosqujtoesc) 604 799 779 290 550 1,293 1,801 1574 890 1,194 1282 1,299 0.048
(May - Oct.)
Annual number of patients 0 0 4 40 177 519 514 825 544 216 132 43 -

(Malaria incidence; I)¥

0.0) (0.0) (0.3) (2.6) (11.5)

(334) (330) (53.1) (350) (140) (86) (2.8)

AP-value: between the total number of patients and climatic variances (mean temperature and mean rainfall) and mean

number of mosquitoes.
Y)Main transmission season in each year.

“’Mean number of anopheline mosquitoes/cow/trap /night. Over 90% were Anopheles sinensis, the main vector mosquito.

Dncidence (I) per 100,000 population in Kangwon-do, South Korea. The correlation coefficient between I and mean tem-
erature was 0.605, between I and rainfall 0.514, and between I and mosquito density 0.591.

P q Y

example, 66 (44.0%) of 150 patients were diagnosed
and treated within 6 days of symptom onset in 1999,
but this increased to 61.7-73.6% during 2000-2002
(Table 3).

In 2001, the South and North Korean governments
started to provide budgetary supports for facilitating
malaria control programs in both countries. In the
case of South Korea, 2 northern provinces (Kyonggi-
do and Kangwon-do) and one city (Incheon), received
budgetary supports for mosquito control from the
KCDC, and this was followed by fiscal support from
provincial and city health bureaus from 2001 to 2004.
The total expenditures over this 4 year period in South
Korea was 5,154,700 USD (Table 5). In North Korea,
during the period 2001-2004, international supports
for malaria control have been provided by WHO (for
education and assistance for technician training), the
International Federation of Red Cross and Red
Crescent (IFRC) (anti-malarial drugs) and South
Korea. The total amount of anti-malarial aid given to
North Korea over this 4 year period was 3,150,650
USD (Table 5). In South and North Korea, during the
same period (2001-2004), 8,305,350 USD were spent on
malaria control. Items of supports provided by South
Korea to North Korea included anti-malarial drugs
(chloroquine and primaquine), mosquito control relat-

ed materials and equipments (insecticide impregnat-
ed-bednets, personal protection fabrics, insecticides,
and insecticide spraying equipment) and laboratory
supplies for prompt diagnosis (microscopes and stain-
ing reagents) in local health centers and hospitals, and
small amount of cash for the education of health per-
sonnel (Table 5).

DISCUSSION

Our study demonstrated that the number of
reemerging vivax malaria cases in South Korea
increased exponentially during the years 1993-2000,
but then decreased steadily until 2004 with a slight
increase in 2005. This post 2000 decrease in malaria
incidence was observed countrywide, and included
high risk areas near the DMZ. Control programs were
operated, including mass chemoprophylaxis, vector
control, and financial aids to North Korea for malaria
control, and are believed, at least in part, to have con-
tributed to the reduction of malaria incidence.

Malaria transmission requires the combined pres-
ence of the Plasmodium parasite, the anopheline mos-
quito vector, and the human host. Both parasites and
vectors are strongly affected by climate, for example,
temperature determines parasite and vector develop-
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ment, and rainfall provides the water required for
vector breeding. In Rwanda and China, monthly
mean temperature was found to play an important
role in malaria transmission (Loevinsohn, 1994; Bi et
al., 2003). However, with regard to rainfall levels,
reports are contradictory; some studies have reported
that rainfall is a key factor (Lindblade et al., 1999; Bi et

. al., 2003), whereas others have reported negative
effects (Singh and Sharma, 2002). In a previous South
Korean study, increases in temperature and precipita-
tion were found to be correlated with seasonal vector
mosquito population densities, and with the subse-
quent seasonal incidence of malaria (Lee et al., 2002).
In this previous study, 2 climatic factors were com-
pared with averaged data collected over a 30-year
period, though no statistical analysis was performed
(Lee et al., 2002).

In our study, low grade statistical significance (P =
0.048) was observed in the correlations between
anopheline mosquito densities and the annual malaria
incidence during the 1993-2004 period in Kangwon-
do, but none between the climatic variables and
malaria incidence. Although mosquito densities dur-
ing 1998-2001 could not be clearly correlated with
malaria incidences, mosquito densities during these
years were significantly (P < 0.05) higher than those
before 1998 when malaria incidence was comparative-
ly low (Table 2). Nevertheless, detailed ecological and
epidemiological studies are needed to assess the true
impact of climatic variables on malaria outbreaks in
South Korea.

Regardless of the control strategy adopted, the early
diagnosis and proper treatment of those infected is
essential (Lee et al.,, 2003). In South Korea, the average
duration between the onset of malarial fever and diag-
nosis at a health center or a hospital was 23.6 days in
1995, 9.5 days in 1997, and 8.0 days in 2000 (Park et al.,
2003). Since 2000 about two-thirds of malaria patients
have been more quickly diagnosed and treated, with-
in 6 days, for example, in Kangwon-do (Table 3).
Moreover, in 2004, the average detection time became
as short as 3-4 days in highly endemic areas in
Kangwon-do (data not shown), and it is speculated
that early case detection substantially reduced the

Table 3. Days required for confirmation of malaria diag-
nosis after the onset of symptoms among civilians and vet-
erans in risk areas of Kangwon-do, South Korea, from
1999 to 2002

Number of cases (%)

Year Days until diagnosis after the onset of febrile paroxysm

0-6 7-15 16-25 > 26 Total number of cases
1999 66 53 18 13 150

(440) (35.3) (12.0) (87)
2000 209 66 6 3 ' 284

73.6) (232) (21) (L1
2000 138 51 12 6
(66.7) (24.6) (5.8) (29)
2002 58 21 11 4 94
(61.7) (223) (117) (4.3)

207

malaria transmission from patients to rhosquitoes.

Mass chemoprophylaxis is another major contribu-
tor to the observed recent reduction in malaria cases.
Before 1997, more than 80% of malaria cases occurred
in northern parts of Kyonggi-do and Kangwon-do, the
major outbreak areas (Chai, 1999; Park et al., 2003),
and most patients were soldiers stationed near the
DMZ. Therefore, mass chemoprophylaxis was admin-
istered to soldiers located in these endemic areas in
1997 and has continued ever since (Table 4). From
1997 to 2005, a total of 985,282 soldiers received
chloroquine and primaquine prophylaxis. As a conse-
quence, malaria incidence among soldiers on duty
and retired soldiers decreased rapidly during 2001-
2005. This prophylaxis program must have been large-
ly responsible of the observed reduction in the malar-
ia incidence.

However, it should be noted that the proportion of
civilian cases among all malaria cases has increased
from 38.2% in 2000 to 50.6% in 2004. This increase in
the proportion of civilian cases suggests an increase in
local transmission away from the DMZ (civilians usu-
ally live some distance from the DMZ). This increase
in local transmission is also suggested by the fact that
outbreak areas have expanded in southerly and east-
erly directions since 1998 (Chai, 1999; Park et al., 2003;
Yeom et al., 2005).

It is also of note that a substantial number of cases
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Table 4. Chemoprophylaxis of military soldiers of South Korea, US Army, and North Korea

Number of soldiers

1997 1998 1999 2000 2001 2002 2003 2004 2005 Total
ROK Armya) 15981 37,529 61,772 90,000 90,000 140,000 160,000 190,000 200,000 985,282
US Army 35 2,485 8,510 1,159 ND? ND ND ND ND 12,189
North Korea® 0 0 0 0 100,000 350,000 300,000 300,000 ND 1,050,000
Total 16,016 ~ 40,014 70,282 91,159 190,000 490,000 300,000 300,000 200,000 2,047,471

JRepublic of Korea Army.

P)Figures are based on the amount of anti-malarial drugs used for chemoprophylaxis and treatment supported by South

Korea.
9IND = no available data.

Table 5. Financial support for malaria control in South Korea and North Korea

Expenditures (in USD)
Group/Year
2001 2002 2003 2004 Total
South Korea Mosquito control? 689,100 734,900 816,600 2,914,100 5,154,700
North Korea® Supported by South Korea
Anti-malarial drugs, 490,000 620,000 700,000 700,000 2,510,000
mosquito control, etc.?
Education 38,450 26,900 26,900 26,900 119,150
Supported by IFRCY
Anti-malarial drugs, etc. 21,000 21,000 158,000 321,500 521,500
Subtotal 549,450 667,900 884,900 1,048,400 3,150,650
Total 1,238,550 1,402,800 1,701,500 . 3,962,500 8,305,350

AFor insecticide purchase and equipments purchase for insecticide spraying in Kyonggi-do, Kangwon-do, and Incheon

city, South Korea.

b Anti-malarial drugs included chloroquine and primaquine (for treatment of 100,000-300,000 patients per year), and
mosquito control included nsecticides like permethrin, devices for insecticide spraying, and insecticide-treated bed nets
and clothes. Others inciuded lancets, pH meters, staining reagents for blood smears and microscopes. Data are from
World Health Organization, (WHO) and Korea Center for Disease Control and Prevention, South Korea.

“For training laboratory technicians, entomologists, and health workers (total 70 persons per year) to help build a sus-

tainable national ability to control malaria by WHO.

DInternational Federation of Red Cross and Red Crescent Societies.

(more than 30% of all patients during the period 1998-
2004) have been reported in Pusan, Taegu, Kyong-
sangbuk-do, and Kyongsangnam-do regions, which
are considerably removed from major outbreak areas.
Such cases may include retired soldiers, travelers to
major outbreak areas, and locally infected civilians. In
the case of retired soldiers living in these areas, the
majority were probably infected while working in
major outbreak areas, and developed febrile illness
after a long incubation period of 5-13 mo (Chai, 1999),
whereas travelers may have developed fever after a

short (within 1 mo) or a long incubation period. It is
unfortunate that no study has yet reported firm evi-
dence of local malaria transmission in areas remote
from the major outbreak areas.

There is no doubt that vivax malaria reemergence in
South Korea was originally caused by infected mos-
quitoes originating from North Korea and the DMZ
(Chai, 1999; Park et al., 2003). In this regard, it is
worth mentioning that genotypes of circumsporozoite
protein (Kho et al., 1999), merozoite surface protein
(MSP)-1 (Zakeri et al., 2003), Duffy-binding protein
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(Kho et al., 2001), apical membrane protein antigen-1
(Han et al., 2002), and MSP-3¢ (Han et al., 2004) of the
reemerging vivax malaria in South Korea are similar
to those found in the North Korean (NK) strain.
Infected mosquitoes probably constantly migrate from
North to South Korea (Cho et al., 2002), and we sug-
gest that a large proportion of malaria cases in South
Korea have resulted from this influx. Moreover, it is
evident that the malaria situation in northern South
Korea will be influenced by that in North Korea.

With regard to the malaria situation in North Korea,
no data was available before 1997. However, recently
some occurrence data has become available (Global
Funds to Fight AIDS, Tuberculosis and Malaria, 2003;
United Nations, 2003; United Nations Office for the
Co-ordination of Humanitarian Affairs DPRK, 2003,

.2004; World Health Organization, 2004; Chol et al.,
2005). Indigenous cases have now been reported from
1997 (Chol et al., 2005), and nationwide patient num-
bers increased sharply prior to 2001, but then dramati-
cally reduced to 2004. Several factors may have facili-
tated the increase in malaria cases during 1999-2001 in
North Korea. Such factors may include changes in
agricultural practices, such as, reduced use of pesti-
cides and changes in rice field irrigation, intermittent
big flooding, increased vector host densities, and
inadequate health care delivery system.

However, a malaria control program was imple-
mented in endemic areas of North Korea, in South
and North Hwanghae-do (Provinces) during 2001-
2003 by the National Program Office of WHO, in
North Korea (Chol et al., 2005). It has been stated that
the prevalence of malaria began to decline immediate-
ly after implementing this control program, and indi-
vidual awareness regarding malaria increased rapid-
ly. However, more precise data are required to better
assess the situation of vivax malaria in North Korea.
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