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INTRODUCTION

Malaria caused by Plasmodium species of protozoan parasites 
is a major public health burden worldwide. In particular, P. 
vivax is known to be less lethal than P. falciparum, but it is more 
widely prevalent in tropical, subtropical, and temperate coun-
tries, including the Republic of Korea (Korea). Although eradi-
cation programs have been applied, vivax malaria has re-
mained endemic to Korea since 1993, when the parasite was 
reemerged in a Korean Army soldier [1,2]. Unlike P. falciparum, 
short- or long-term relapse of P. vivax after sporozoite infection 
of hepatocytes can lead to subsequent infection without rein-

fection. Therefore, it is important to detect infection by the ap-
propriate method and to treat patients with drugs targeting 
not only the blood stage but also the liver stage of P. vivax [3,4]. 
In addition to relapse, asymptomatic patients infected with P. 
vivax are occasionally the main factor in transmision of the 
parasite in the community; therefore, detection of asymptom-
atic patients is also essential for controlling and eliminating 
the parasite from humans.

Several advanced diagnosis techniques have been developed 
and applied. For example, microscopic examination with Gi-
emsa-stained thick and thin blood films is still widely used as 
a gold standard method; it is rapid and inexpensive for detect-
ing the parasite in blood samples. However, this method has 
the disadvantage of requiring expert specialists in field clinics 
and/or laboratories, a lack of which can lead to misdiagnosis 
[5,6]. For example, P. knowlesi is morphologically undistinguish-
able from P. malariae by microscopy, suggesting that multiple 
detection methods must be applied for detection of the malar-
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ia parasite.
PCR-based molecular diagnosis methods are relatively sensi-

tive and accurate compared to microscopy and rapid diagnos-
tic tests (RDTs) for malaria detection, and PCR can be applied 
for genus- or species-specific diagnosis, even in cases of low-
level parasitemia not detected by RDTs or microscopic exami-
nation [7]. In addition to molecular-based methods, serologi-
cal diagnosis methods have been developed and applied for 
not only current infection but also previous exposure to the 
malaria parasite. Infected patients have specific antibodies 
against antigens expressed by the parasite, and these antibod-
ies can be used as a serological marker. Accordingly, this meth-
od is useful for tracking the trend of transmission in a village 
and/or community of endemic areas for the purposes of sur-
veillance [8].

In the present study, residents living in endemic areas in Ko-
rea were recruited and analyzed for malaria infection by mi-
croscopy, PCR, and RDTs. In addition, we compared seroposi-
tivity to specific Plasmodium vivax antigens, namely, merozoite 
surface protein (PvMSP1), circumsporozoite protein (PVCSP) 
and liver-stage antigen (PvLSA), as recombinant proteins be-
tween healthy individuals and a pre-exposure group to identify 
the best serological marker available for assessing transmission 
status in high endemic areas of Korea.

MATERIAL AND METHODS

Sample collection and preparation
The blood samples used in this study were collected from 

residents in 3 regions on April 2019. A total of 777 blood sam-
ples from Gimpo-si (n=319), Paju-si (n=308), and Yeoncheon-
gun (n=150) from local health centers, where malaria cases 

are diagnosed in a relatively higher number compared to other 
endemic areas from nation-wide surveillance of 2005 through 
2018, were obtained (Fig. 1A). In addition, we used serum sam-
ples from Haman-gun (n=80), Gyeongsangnam-do as vivax 
nonendemic areas for comparison of antibody response with 
those of endemic areas. Blood samples confirmed to be either 
vivax positive or negative by testing with a rapid diagnosis test 
kit and microscopy were collected in endemic areas of Korea. 
The blood samples collected in BD Vacutainer EDTA tubes 
(Becton Dickinson, Franklin Lakes, NewJersey, USA) were de-
livered to Kangwon National University; confirmation by blood 
films for microscopic examination and RDT was performed. The 
plasma and packed red blood cells were separated and stored 
at –80˚C for protein array and genomic DNA isolation, respec-
tively. The Institutional Review Board approved this study at 
Kangwon National University (no. 2019-03-002-001).

Genomic DNA isolation and nested PCR
The pooling method for genomic DNA extraction was used, 

as described in our previous study [9]. Briefly, 20 μl each of 10 
different samples was pooled for extraction of genomic DNA 
using an AccuPrep Genomic DNA Extraction Kit (Bioneer 
Corp., Daejeon, Korea) in accordance with the manufacturer’s 
instructions. Nested PCR was performed as described in a pre-
vious report [10]. Briefly, for the primary reaction, 4 μl of the 
eluted gDNA was mixed in a 20 μl reaction mixture using Ac-
cupower premix (Bioneer) with rPLU1_F (TCAAAGATTAAGC-
CATGCAAGTGA) and rPLU5_R (CCTGTTGTTGCCTTAAACTTC) 
primers. In the second nested PCR, 2 μl of the first amplicon 
was used as a template under the same 20 μl reaction mixture 
conditions as described above. rPLU3_F (TTTTTATAAGGATA-
ACTACGGAAAAGCTGT) and rPLU4_R (TACCCGTCATAGC-

Fig. 1. Sample collection from vivax malaria endemic and non-endemic areas in Korea. (A) Map shows vivax malaria-endemic areas (en-
larged) and non-endemic area, Haman-gun. (B) Gender and past history of residents enrolled in the endemic areas.
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CATGTTAGGCCAATACC) were used for the nested PCR. The 
PCR conditions were as follows: step 1, 95˚C for 5 min; step 2, 
denaturation at 95˚C for 30 sec; step 3, annealing at 55˚C for 1 
min; step 4, extension at 72˚C for 2 min in the first PCR and 
30 sec in the second PCR. Steps 2 to 4 were repeated 30 times 
with the annealing temperature changed to 60˚C, and step 4 
was performed for 10 min. The amplified products were visu-
alized on 1.5% agarose gels.

Rapid diagnostic tests
CareStartTM Malaria Pf/PAN (HRP2/pLDH) Ag Combo RDT 

(AccessBio Inc., Somerset, NewJersey, USA) was used with whole-
blood samples from endemic areas according to the manufac-
turer's manual. Blood samples from patients with vivax malar-
ia were used as a positive control.

Cloning and recombinant protein expression
Genomic DNA extracted from the whole-blood sample of 

vivax malaria patients was used as a template for gene amplifi-
cation of pvmsp1-19 (GenBank accession no. XM_001614792.1; 
Fig. 2A). The N-terminal region of pvlsa (XM_001615278.1; Fig. 
3A) and full-length pvcsp-vk210 (XM_001613018.1; Fig. 2B) 
were synthesized by Macrogen (Seoul, Korea). The central re-
peat domain of pvcsp was specially designed from previous se-

quence analysis reports (vk210 genotype mostly) of Korean 
vivax isolates. Segments of the genes were amplified using a 
high-fidelity KOD-plus Kit (TOYOBO Co., Osaka, Japan) with 
the following pairs of gene-specific primers: pvmsp1-19 forward 
(gggcggatatctcgagAACGAGTCCAAGGAAATATTATCCCAG) and 
reverse (gcggtacccgggatccGTCCGTCATTTTACATTCAGCTTCAGG); 
pvcsp-vk21 forward (gggcggatatctcgagATGAAGAACTTCATTCTCTTG-
GCTGTTTCTT) and reverse (gcggtacccgggatccCTAATTGAATAATGC-
TAGGACTAACAATATGACTAGC); and pvlsa-n forward (gggcg-
gatatctcgagATGAGTTCCTTCTGGAGCTTCATCAAAT) and reverse 
(gcggtacccgggatccCTAACTCCTCGAGATGTCATCGTTGCT). Small 
letters indicate the plasmid-derived sequences for in-fusion 
cloning, and BamHI and XhoI restriction enzyme sites are indi-
cated as italicized and underlined letters. The amplicons were 
purified and cloned into the pEU-E01-His-Tev-N2 plasmid 
vector (CellFree Sciences, Matsuyama, Japan) designed for the 
wheat germ cell-free protein expression system by the In-fu-
sion cloning method (Takara Bio USA Inc., Mountain View, 
California, USA). The sequences of cloned plasmids were con-
firmed. The recombinant proteins were synthesized by the 
wheat germ cell-free protein expression system using the bilay-
er translation reaction method, as described previously [11]. 
The expressed recombinant proteins were confirmed by west-
ern blot analysis under reducing conditions using an anti-His-

Fig. 2. Recombinant protein domains selected for Plasmodium vivax recombinant proteins. (A) Schematic structures of Plasmodium 
vivax merozoite surface protein 1 (PvMSP1) and P. vivax liver-stage antigen (PvLSA). (B) Full-length, including a combination of central 
repeat region sequence of PvCSP. (C) A western-blot of 3 recombinant proteins in wheat-germ cell-free expression system.
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tagged antibody (Qaiagen, Hilden, Germany).

Serological analysis using protein array
Amine-coated glass slides were prepared as described in our 

previous study [12]. The crude recombinant protein antigens 
(1 µl) were spotted onto amine-coated glass slides in duplicate 
and incubated at 37˚C for 2 hr. After blocking with 5% BSA in 
PBS containing 0.1% Tween-20, the recombinant protein-
coated slides were reacted with each of the individual serum 
samples in duplicate. Fluorescence was detected with an Alexa 
Fluor 546-conjugated goat anti-human IgG secondary anti-
body (Invitrogen, Carlsbad, California, USA) and an Innopsys 
IS300 scanner (InnoScan, Carbonne, France). Mean fluores-
cence intensity (MFI) plus 2 standard deviations (2SD) was 
used as the cut-off value. The MFI was normalized by dividing 
the MFI by the cut-off value, and the normalized MFI from pa-
tients was subtracted from the normalized MFI from healthy 
serum.

Statistical analysis
Statistical analysis was performed using the Statistical Pack-

age for the Social Sciences (SPSS) version 16.0 (SPSS Inc., Chi-
cago, Illinois, USA). The unpaired t-test was used for nonpara-
metric independent 2-group comparisons between the healthy 
individual group and the vivax malaria patient group. Differ-
ences with P<0.05 were regarded as statistically significant. 
MFI values were plotted using GraphPad Software version 5.0 
(GraphPad Software, La Jolla, California, USA).

RESULTS

Demographic characteristics of the study population and 
malaria diagnosis with microscopic examination, RDT, 
and PCR

In this study, a passive case detection method was carried 
out by local health authorities, and a total of 777 residents 
from 3 areas, Gimpo-si (n=319; age 70.8 on average and 93-31 
on range), Paju-si (n=308; 70.5 and 95-23), and Yeoncheon-
gun (n=153; 59.2 and 90-20), were recruited for the detection 

Fig. 3. Fluorescence intensity of sera to PvLSA-N (A), PvCSP-VK210 (B), and PvMSP1-19 (C), collected from 3 study areas, Gimpo-si, 
Paju-si, and Yeoncheon-gun and a non-endemic area, Haman-gun.
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Table 1. Reactivity of three Plasmodium vivax recombinant antigens toward control sera of vivax patients and healthy individuals

Antigen
Sera of vivax patients

MFI SD
Sera of healthy individuals

MFI SD
Positive Negative Sensitivity (%) Positive Negative Specificity (%)

PvLSA-N 14 2 87.5 44,356 11,673 1 15 93.8 16,103 6,454
PvCSP-VK210 10 6 62.5 43,579 14,021 0 16 100 21,476 7,736
PvMSP1-19 11 5 68.7 45,306 12,265 0 16 100 21,106 8,404

MFI, mean fluorescence intensity; SD, standard deviation.        

Table 2. Positivity of sera from residents in vivax endemic areas against three recombinant Plasmodium vivax antigens

Antigen Region Total Positive (%) MFI SD

PvLSA-N Gimpo-si 319 23.3 22,781 10,488
Paju-si 308 22.7 21,818 8,866
Yeoncheon-gun 150 10.7 19,646 7,883
Subtotala 777 20.2±6.8
Haman 80 18.8 18,972 9,477

PvCSP-VK210 Gimpo-si 319 15.4 24,392 10,193
Paju-si 308 18.8 26,766 9,952
Yeoncheon-gun 150 6.7 22,421 8,636
Subtotal 777 15.1±6.3
Haman 80 16.3 27,763 10,468

PvMSP1-19 Gimpo-si 319 14.7 25,822 9,818
Paju-si 308 19.5 27,845 10,385
Yeoncheon-gun 150 10.0 25,391 8,877
Subtotal 777 15.7±4.7
Haman 80 23.8 36,897 14,068

aAvg±SD.      

of clinical malaria (Fig. 1). All collected blood samples were 
confirmed by blood smear and RDT (data not shown) as well 
as the nested PCR method (data not shown) for malaria infec-
tion. Consequently, there was no positive case based on the 3 
methods; however, the amplified gene was observed in the 
positive control sample.

Antigen selection and recombinant proteins for 
serological analysis

To analyze serological positivity for P. vivax proteins, 3 anti-
gens, P. vivax merozoite surface protein 1 (PvMSP1), P. vivax 
circumsporozoite protein (PvCSP), and P. vivax liver-stage an-
tigen (PvLSA), were investigated (Fig. 2A, B). The full-length C-
terminal region of PvMSP1 (aa 1622-1706), including a com-
bination of the central repeat region sequence of PvCSP (aa 
1-377) and the N-terminal region of PvLSA (aa 1-436), was 
used for recombinant protein expression. The recombinant 
proteins were successfully expressed by the wheat germ cell-
free expression system, and the proteins were detected by west-
ern blot analysis (Fig. 2C).

Primary screening of serological antibody analysis for 3  
P. vivax antigens

The protein array method was carried out to analyze the se-
ropositivity of the plasma samples collected from 777 partici-
pants as well as 16 vivax patients and healthy individuals as 
controls. The serum samples were diluted (1:25) and reacted 
with 3 P. vivax antigens bound on array chips. For the control, 
PvLSA-N showed higher positivity to patient sera (87.5%) 
than PvCSP-VK210 (62.5%) and PvMSP1-19 (68.7%). How-
ever, one healthy serum sample was positive for PvLSA-N but 
not for the others (Fig. 3; Table 1). Among plasma collected 
from residents of 3 local surveyed areas, the seropositivities of 
PvLSA-N (20.2±6.8%) and PvCSP-VK210 (15.1±6.3%) were 
higher than 18.8% and, 16.3%, respectively, in Haman resi-
dents but not in cases of antibody titers against PvMSP1-19 
(Fig. 3; Table 2).

Serological reactivity comparison between cases with 
and without malaria history 

We also issued questionnaires about previous exposure to 
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malaria infection to the residents of the surveyed areas. Gim-
po-si and Yeoncheon-gun had 21 and 4 cases of malaria histo-
ry, respectively, with exposure to vivax infection from a few 
years to 50-60 years previously (Fig. 1B). Seropositivity among 
the cases with a history was compared with those without a 
history and samples from nonendemic areas. Interestingly, 
there was a significant difference between history and nonhis-
tory from endemic areas as well as the nonendemic area (Ha-
man-gun) for PvLSA-N, but this was not observed for the other 
antigens (Fig. 4A-C). In addition, seropositivity to PvLSA-N 
among history samples was much higher than that of nonhis-
tory and nonendemic area samples (Fig. 4D), suggesting that 
PvLSA-N is a protein marker to detect the specific antibody re-
maining in people who have been infected with the malaria 
parasite.

DISCUSSION

Elimination and control of the malaria parasite from en-
demic areas are dependent on the diagnosis of patients with 
or without symptoms. In particular, as asymptomatic malaria 
patients play an important role as carriers of the parasite, it 
identifying them by effective methods is key. However, the 
greatest obstacle to detecting and treating asymptomatic pa-
tients is that they do not need to visit the hospital or local 
health center [13,14]. Thus, blood samples of residents from 3 
vivax malaria-endemic areas were collected, and the collected 
samples were examined by microscopy, RDT, and nested PCR 
methods to detect asymptomatic carriers in the endemic areas 
of Korea.

Microscopic examination and RDT are recommended for 
the detection of malaria infection at field sites. However, the 
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sensitivity of the above methods for detecting low parasitemia 
is relatively lower than that of molecular diagnostic methods 
such as PCR-based techniques, and expert specialists are re-
quired for microscopic examination to identify and distin-
guish malaria species; moreover, the technique is time-con-
suming and can lead to misdiagnosis. In contrast, various 
PCR-based methods are currently well developed, and these 
techniques can detect a low level of the parasite that is not de-
tected by blood film and/or RDT methods. Thus, 3 diagnostic 
methods were used in the present study to identify patients 
among the residents of malaria-endemic areas [15,16].

A total of 777 blood samples were collected from 3 endemic 
areas, Gimpo-si, Paju-si, and Yeoncheon-gun, which are locat-
ed in the northwestern region bordering the demilitarized 
zone; a large number of clinical malaria cases have been re-
ported in the previous 3 years compared with other areas. All 
collected samples were checked by microscopic examination, 
RDT, and nested PCR. However, no positive samples were de-
tected, even though the amplified 18S rRNA gene of P. vivax 
parasites was observed as a single band in the positive control 
data not shown; thus, that there was no infection among the 
collected samples. There were 86 clinical malaria cases report-
ed in Paju in 2019, including over 450,000 people and indicat-
ing that only 0.03% of people were infected with malaria in 
this city. Hence, the total number of tested samples from 3 en-
demic areas was not sufficient for determining asymptomatic 
patients and/or long-term relapse cases in this study, suggest-
ing that mass-screening research must be scaled up to a larger 
population with continuous monitoring in these areas to de-
tect malaria patients at the community level.

Malaria serological analysis of antibodies is crucial for esti-
mating the local transmission of malaria in endemic areas, 
and various antigens have been used for serological and im-
mune response analysis and antibody longevity [17-20]. In 
this study, PvMSP1-19, PvCSP-VK210, and PvLSA-N were used 
as antigens for serological analysis. MSP1-19 is a relatively 
conserved amino acid sequence fragment, and P. falciparum 
can induce antibodies that prevent infection by blood-stage 
parasites as well as malaria-related febrile illness [21]. Further-
more, the anti-MSP1-19 antibody is known to have protective 
activity against symptomatic malaria infection, and MSP1-19 
is widely used as a serological marker. Moreover, there is a 
study in which antibodies were detected longer than 9 months 
after malaria infection, indicating that this antigen can be used 
to track the local transmission of malaria under a low-trans-

mission setting [22]. CSP is a sporogony-stage protein and is 
located on the surface membrane of sporozoites. Of the CSP 
fragments, the central repeat region contains multiple copies 
of the B-cell epitope; thus, it is highly immunogenic and can 
induce a protective response to sporozoite infection [23]. 
However, the life-span of antibodies to CSP is just within 27 
days, indicating that it is difficult to use this antigen to track 
historical malaria infection. In this study, there was no signifi-
cant difference between the samples collected from those with 
and without a history of infection when using PvMSP1-19 and 
PvCSP-VK210.

In contrast, PvLSA-N could distinguish the 2 groups. Accord-
ing to this high level of positivity for PvLSA antigen in the 
present study (Fig. 4A, D), it is possible to use PvLSA as a sero-
logical marker to track past infection of vivax malaria in indi-
viduals as well as the community. Nonetheless, the biological 
and functional activities of PvLSA in the erythrocytes and pre-
erythrocytes of vivax malaria parasites have not yet been de-
scribed. Thus, it may also be necessary to define PvLSA for di-
agnostic applications in vivax endemic areas.

In our surveyed areas, we found that one patient developed 
febrile symptoms approximately one month after our sample 
collection. However, in our tests, parasites were not detected 
by 3 methods, including the molecular detection method, and 
a high antibody titer from serological assays was not found 
during the nonmalaria endemic season before the emergence 
of mosquitoes for malaria transmission. It is possible to infect 
by biting new mosquitoes or developing parasites from re-
lapsed parasites after our examination. Thus, epidemiological 
surveillance should be sustained in endemic areas, and alter-
native ways to detect long- and short-relapse cases need to be 
found.

In summary, a total of 777 blood samples were collected 
from residents in 3 vivax malaria-endemic areas of Korea and 
examined by microscopy, RDTs, and PCR to detect malaria. 
However, there were no positive malaria cases, which indicates 
that a more substantial number of samples are required for 
further epidemical surveillance. Based on serological analysis 
of samples using 3 P. vivax antigens, we identified that PvLSA-
N can be used as a serological marker to detect pre-exposure to 
malaria infection. In the future, P. vivax serological markers 
should be identified in well-characterized field samples.
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