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Malaria is one of the oldest and most prevalent parasitic dis-
eases in the world, with an estimated 3.2 billion people at risk 
of infection [1]. Plasmodium falciparum is the most menacing 
agent because of its high mortality rate, and P. vivax is the sec-
ond most important causative agent of human malaria. P. 

vivax cases are increasing in countries where P. falciparum cases 
are decreasing, and in some countries, only P. vivax is found 
[2]. Of Plasmodium species that affect humans, only P. vivax 
and P. ovale form hypnozoites, which are a dominant parasite 
stage in the liver that cause relapses of pathology weeks to 

years after the primary infection. Vivax malaria accounts for 14 
to 80 million cases of clinical malaria each year with more 
than 70% of those infections in Asia [3]. Since a Korean Army 
soldier stationed near the western edge of the DMZ in north-
ern Gyeonggi-do (Province), Korea was diagnosed with vivax 
malaria in July 1993, there has been an exponential increase 
in vivax malaria cases in Korea with epidemic outbreaks occur-
ring from 1995 to 2000 [4] and is now recognized to be a seri-
ous public health burden. Despite of the pan-governmental 
efforts to eliminate the disease in Korea and the dramatic re-
duction in the burden of vivax malaria over the last 10 years, P. 

vivax malaria has not been controlled or eradicated and has 
been shown to be endemic. World Health Organization has 
recommended that Korea eliminates vivax malaria by 2023 
[5], and the Korean Disease Control and Prevention Agency 
(KDCA) has launched a ‘Five-Year Action Plan for Malaria 
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Abstract: Since 1993, vivax malaria has been recognized as a public health burden in Korea. Despite of pan-governmen-
tal malaria-control efforts and the dramatic reduction in the burden of this disease over the last 10 years, vivax malaria 
has not been well controlled and has remained continuously endemic. We focused interviewed and examined the charts 
of 28 confirmed vivax malaria patients given malarial therapy for whom daily records were kept from Gimpo-si, Gyeonggi-
do of Korea. Various epidemiological characteristics of vivax malaria, including the incubation period, medication used, 
and recurrence, and an evaluation of the parasitic characteristics from the focused interviews of patients from this region 
are described here. Most of the participants indicated the 3 most common symptoms of malaria (headache, chills and fe-
ver). Of the 28 cases, 2 experienced a second attack and there were 17 and 11 cases with short- and long-term incuba-
tion periods, respectively, yielding a short-term to long-term ratio of 1.5. Based on the parasitemia stages, most of the 
participants were tested at 5 to 7 days (11 cases) and 7 to 15 days (11 cases) after initial wave of asexual parasites. In 
conclusion, public health authorities should consider developing management measures to decrease the time lag for di-
agnosis and drafting unified and robust guidelines for drug use for malaria and drawing up unified and robust guidelines 
on the use of medication for malaria. It also suggests that routine monitoring, surveillance, and precise medical surveys in 
high-risk vivax malaria endemic areas are pivotal to controlling this persistent public disease and finally eliminating it from 
Korea.
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Elimination (2019-2023)’. However, the elimination of vivax 
malaria from Korea has proceeded slowly and has only been 
partially unsuccessful. In order to achieve this goal, it is neces-
sary to diagnose infections using appropriate tools and to treat 
diagnosed patients with appropriate drugs. Malarial surveil-
lance is considered a core intervention and pivotal to effective 
monitoring and evaluation [6,7]. The private health sector has 
an especially essential role in providing malaria care.

The high-risk areas in Korea that are adjacent to malaria-risk 
areas in North Korea including Incheon Metropolitan City, 
Gyeonggi-do and Gangwon-do experience over 70% of all 
vivax malaria cases in Korea [4]. Patients are likely to present 
with malaria symptoms throughout the year, but they usually 
begin to appear at the end of May, occur frequently in July to 
September, and decrease from October, thus rarely occur in 
winter. Since the re-emergence of vivax malaria in Korea 
(1993-2020), 35,494 cases have been diagnosed and reported 
[8]. In this study, 28 patients living in a high-risk area for vivax 
malaria, Gimpo-si (City), Gyeonggi-do (Fig. 1), were focused 
interviewed and analyzed for vivax malaria infection in 2020. 
This study leveraged data from various public health centers 
and private clinics located in high burden settings over a 
12-month period from January through December 2020 as 
part of an enhanced health facility-based surveillance system. 
In 2020, 30 vivax malaria cases were diagnosed and confirmed 
in Gimpo-si (Fig. 2). Individual level data were collected from 

all confirmed outpatients including their demographics, social 
status, symptoms, medical history including medication, and 
laboratory test results, mainly from the gold-standard micro-
scopic techniques. The study procedures concerning human 
sample collection, laboratory investigation, interviews, and 
questionnaire use were reviewed and approved by the Institu-
tional Review Board (IRB) of Inha University (Approval No. 
2020-04-004), and the study was conducted according to the 
principles expressed in the 1964 Helsinki Declaration. All par-
ticipants who agreed to join this study were asked to read the 
participant information sheet explaining the objectives, proce-
dures, possible risks, and benefits of the research project. 

Fig. 1. Map of Gyeonggi-do: an endemic region of vivax malaria in Korea. Gimpo-si is the area that appeared in light green.

Fig. 2. Indigenous vivax malaria cases in Gyeonggi-do and Gim-
po-si, 2001-2020.
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Signed consent forms were consequently obtained from the 
participants.

During the focused interviews, patients were asked to de-
scribe how long they had felt ill, what symptoms they experi-
enced, whether they had taken fever reducer, and their brief 
medical history, and details of their daily lives, including num-
ber of family members and travel history. In addition, they 
were asked if they had ever been bitten by mosquitoes, and 
where and how many times they had been bitten. Based on 
the report on vivax malaria patients from the KDCA, the total 
number of vivax malaria patients diagnosed and confirmed in 
Gimpo-si in 2020 was 30 [9]. Epidemiologic data were ana-
lyzed for 28 cases excluding 2 foreigners. Of 28 participants in 
this study, males constituted 75.0% (21/28 total studied cases) 
of participants and their average age was 36.1 years (SD= ±  
17.4). The average age of females (7/28, 25.0%) was 48.9 
years (SD= ±23.5). According to age group, the largest num-
ber of interviewed patients were aged 20-29 years (9 cases), 
followed by those aged 40-49 years (5 cases) and those aged 
<20, 30-39, 50-59, and >70 years (each 3 cases), respectively 
(Table 1). Two interviewed patients were aged 60-69. The first 
clinical manifestations to appear according to the focused in-
terview, were fever (15 cases), body aches (15), and chills (13). 
In addition, a small number of patients complained of numb-
ness (1), profuse sweating (1), and headaches (1) (Table 2). 
During the curation, the most common clinical manifesta-
tions were fever (28 cases, 100%) followed by chills (24, 
85.7%), headache (17, 60.7%), myalgia (15, 53.6%), sweating 
(4, 14.3%), body aches (3, 10.7%)), diarrhea (1, 3.6%), and 
nausea (1, 3.6%) (Table 2). Of the 28 confirmed cases, 2 
(7.1%) experienced a second attack. For one female case (43 
years old), symptoms recurred 40 days later, and one male (13 
years old) experienced a recurrence 10 months after the start of 

the initial treatment. One female (43 years old, 79 kg body 
weight) was completely cured using a higher dosage than rec-
ommended: the dosage and regimen and regimen used for the 
initial treatment (3 times of 800 mg hydroxychloroquine sul-
fate and 14 days of 22 mg/day primaquine phosphate) 
throughout the hospitalization process (6 days). In the cases 
of recurrence in the 13-year-old male (80 kg body weight), the 
patient was completely cured using the same dosage through-
out the hospitalization process (6 days). The average body 
weight of the participants was 73.7 kg (SD= ±10.8). The aver-
age body weight of males and females were 75.1 kg (SD= ±  
11.7) and 70.1 kg (SD= ±7.0), respectively (Supplementary 
Table S1). Lim et al. [10] reported that, after using chloroquine 
(3 times: once with 800 mg and twice with 400 mg) and pri-
maquine (15 mg/day primaquine for 14 days), 81 confirmed 
cases were observed to respond well to the treatment and only 
1 case reported recurrence after 8 months. Moon et al. [11] 
showed that the recurrence rate of vivax malaria in soldiers 
and veterans in 2003 was 1.65%. The regimen for the treat-

Table 1. Epidemiological characteristics of the deep-interviewed participants including gender, recurrences, incubation period, and drug 
resistance

Age
Gender

Non-recurred
Recurred Long-term 

incubation
Short-term 
incubation

Drug 
resistanceMale Female Male Female

<20 2 1 2 1 0 2 1 0
20-29 8 1 9 0 0 4 5 0
30-39 3 0 3 0 0 2 1 0
40-49 3 2 4 0 1 3 3 1
50-59 3 0 3 0 0 0 3 0
60-69 1 1 2 0 0 0 1 0
>70 1 2 3 0 0 0 3 0
Total (%) 21 (71.4) 7 (28.6) 26 (92.8) 1 (3.6) 1 (3.6) 11 (39.3) 17 (60.6) 1 (3.6)

Table 2. The clinical manifestations for the first symptom and the 
curation periods

Symptom
The first clinical 

manifestation (%)*
The clinical manifestation 

during curation period (%)*

Fever 15 (53.6) 28 (100)
Body fever 15 (53.6) 0
Chill 13 (46.4) 24 (85.6)
Numbness 1 (3.6) 0
Profuse sweating 1 (3.6) 4 (14.3)
Headaches 1 (3.6) 17 (60.7)
Myalgia 0 15 (53.6)
Body aches 0 3 (10.7)
Diarrhea 0 1 (3.6)
Nausea 0 1 (3.6)

*Participants could choose multiple answers.
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ment of vivax malaria in Korea was established in the 1950’s, 
and a combination of 3 days of chloroquine administration 
with 2 weeks of primaquine is recommended for the reliable 
prevention of recurrence. Most of the current guidelines for the 
treatment of vivax malaria recommend the use of primaquine 
(0.25 mg/kg body weight) for 2 weeks overlapping with the 
treatment with blood schizonticide agents, such as chloro-
quine [5 mg/kg, 3 times with 12 hr interval after first dose (10 
mg/kg) or 5 mg/kg once with 24 hr interval after the first and 
second doses (10 mg/kg)] [12]. However, a number of Korean 
vivax malaria patients received a suboptimal dose (<25 mg/
kg) of chloroquine, partly because the chloroquine dose is 
usually fixed at a base of 1,500 mg, as recommended by the 
US CDC, rather than a weight-based dose [13], and the dosage 
was dependent on the practices of local medical doctors. Thus, 
the base administration of chloroquine at 1,500 mg would 
have been inadequate for patients whose body weight was 
>60 kg. At this point, the public health authorities should 
consider drawing up unified and robust guidelines on the use 
of current medications for malaria treatment.

In addition, vivax malaria can be divided into 2 types, one 
with a short incubation period of 12 to 17 days and the other 
showing a longer incubation period of 6 months to several 
years [14]. Vivax malaria in Korea shows seasonality, reflecting 
the population dynamics and other entomological characteris-
tics of the vector, Anopheles sinensis, which hibernates during 
the winter season [15]. In addition, it was recently reported 
that the genotype of PvMSP-1 is related to the duration of the 
incubation period [16]. Of the 3 PvMSP-1 types (Sal-1, Belem, 
and recombinant), the recombinant and Sal-1 types were 
found to be dominant in vivax malaria with long and short 
incubation periods, respectively [16]. Thus, it is tentatively ac-
cepted that incubation prolongation is either a genetically 
modulated feature of the parasites or controlled within Anoph-

eles spp. by mechanisms yet to be elucidated. Nishiura et al. 
[14] estimated the mean short- and long-term incubation pe-
riods to be 26.6 days (95% Confidence interval [CI] 21.0-32.3) 
and 48.2 weeks (95% CI 46.8-49.5), respectively, and found 
that gender and age showed no significant association with in-
cubation period [14]. As previously mentioned, 28 vivax ma-
laria patients in this study were classified according to the 
characteristics of the incubation periods obtained from fo-
cused interviews, such as the onset of the outbreak, number of 
mosquito bites, suspected mosquito-biting regions, experience 
of visiting high-risk regions, medical history, key regions of 

livelihood, patient occupation and, travel history, and results 
of microscopic examination. Of the 28 vivax malaria inter-
viewees, there were 17 (60.6%) and 11 (39.3%) cases with 
short- and long-term incubation periods, respectively, yielding 
a short-term to long-term ratio of 1.5. Comparisons of gender, 
age, and body weight are shown in Table 1 and Supplementary 
Table S1. These results are in accordance with previous result 
reported by Nishiura et al. [14]. The factors affecting long-term 
latency are still unclear, but it is presumed that temperature, 
infection time, and number of sporozoites play essential roles 
and that differences in latency periods among populations 
may involve parasite genetics and/or the vector’s capacity for 
sporozoites.

Plasmodium has 4 life cycle stages: ring stage, trophozoite, 
schizont, and gametocyte [17]. Plasmodium in its mature ga-
metocyte stage bursts out of red blood cells, resulting in the 
patient having difficulty with inhalation for several hours and 
dying from hypoxia. Gametocytes are the sexual nonreplicat-
ing blood stage forms of Plasmodium spp. and the agents of 
malaria transmission to mosquitoes. Mature gametocytes are 
detectable in the bloodstream on days 7 to 15 after the initial 
wave of asexual parasites from which they are derived [18,19], 
and P. vivax gametocytes are noteworthy for their very early ap-
pearance during the course of infection [20]. In P. falciparum 
infections, fever, parasitemia, and fever frequency are lower af-
ter the gametocytes are first detected than before they are visi-
ble [21,22]. Vivax patients with gametocytemia have more se-
vere fever and greater parasitemia than those without gameto-
cytemia. However, the results in our study are not in general 
accordance with other results from Peru, USA and Thailand 
[21,22]. In this study, vivax malaria patients with gametocyte-
mia in Gimpo-si had body-temperatures of 39.0±1.0˚C (37.5-
40˚C, n=23), and those without gametocytemia had those of 
38.9±0.8˚C (38-39.8˚C, n=5). However, a limitation of the 
study was the relatively small number of patients without ga-
metocytemia. Most vivax malaria patients showed gametocytes 
on microscopic malaria parasitemia examination (23 of the 
total 28 cases), 2 cases contained only the ring-form stage, and 
1 case only the trophozoite stage. Therefore, those 3 vivax ma-
laria patients with ring-form and trophozoite-stage parasit-
emia were tested less than 3 days after the initial wave of asex-
ual parasites. A large number of trophozoites and very few ga-
metocytes were observed in 1 case. Thus, we diagnosed these 
cases as being less than 5 days after the initial wave of asexual 
parasites. Based on the parasitemia stages, the rest of the fo-
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cused interviewed vivax malaria patients from Gimpo-si, were 
tested at 5 to 7 days (11 cases) and 7 to 15 days (11 cases) after 
the initial wave of asexual parasites, respectively. In only 1 
vivax malaria case, no parasite stages were detected and the pa-
tient was diagnosed via genetic testing.

An additional item to be added for malaria management in 
Korea was glucose-6-phosphate dehydrogenase deficiency 
(G6PD deficiency), an X-linked genetic disorder. Primaquine 
is currently the only effective medicine for both preventive 
prophylaxis as well as for treating relapses of P. vivax, because 
of its specific activity against malaria hypnozoites, and it has 
remained highly effective since its introduction in 1952 [23]. 
As the number of multicultural families involving internation-
al marriages, families of foreign workers, and ethnic-Korean 
families and their children increase in Korean society, the issue 
of G6PD deficiency may develop a crucial consideration for 
malaria elimination strategies. In this study, none of the inter-
viewees showed the symptom of G6PD deficiency after prima-
quine treatment. In both local and national economic analy-
ses, the public health burden needs be considered at the soci-
etal level, considering accumulating costs and consequences of 
continued malaria transmission, a satisfactory approach to the 
detection and management of malaria patients with G6PD de-
ficiency may require a broader local and national anti-malaria 
armamentarium.

In summary, a total of 28 focused interviewed vivax malaria 
patients, who were diagnosed and confirmed by public and 
private healthcare centers in a malaria-endemic area of Korea, 
Gimpo-si, Gyeonggi-do in 2020, were monitored and ana-
lyzed. The re-emerged parasitic disease such as vivax malaria, 
which was previously completely controlled in Korea, remains 
continuously endemic. Changes in epidemiological factors, 
such as travel habits, technology, immigration, and climate, 
combined with the decreased effectiveness of some measures 
of disease control, have altered the cause-and-effect relation-
ship of this parasitosis. Thus, routine monitoring, surveillance 
and precise medical surveys in high-risk vivax malaria endemic 
areas are pivotal to controlling this long-existed public disease 
and finally eliminating it from Korea.
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