
INTRODUCTION

Four different human malarial parasites are widely dissemi-
nated around the world: Plasmodium vivax, P. falciparum, P. ovale,

and P. malariae [1]. While P. falciparum is the most deadly of
these species, all are capable of causing human infections. In the
mid-1950s, the World Health Organization (WHO) began a
program to eradicate and halt the global spread of malaria [2].
After its inception, the total number of malaria cases reported
in the temperate endemic regions of Europe, Asia, and the Ame-
ricas decreased [3]. However, infection by P. vivax, which is the
most prevalent type of human malaria infection, temporarily
decreased and has been increasing lately to 70-80 million cases
per year [3,4]. This is of concern, because it indicates that the
threat of P. vivax present to the human population has contin-
ued to increase despite preventive efforts. In the late 1970s, it
appeared that the vivax malaria threat would be successfully erad-
icated from South Korea, but in 1993 the parasite reemerged
near the demilitarized zone between South and North Korea
[5,6]. Since then, the number of malaria cases has increased ex-
ponentially in endemic regions of South Korea, and currently
1,000-2,000 cases are reported per year, presenting a problem
to public medical care in South Korea [7].

A prerequisite to the design of effective vaccines for malaria
is analysis of the polymorphisms contained in the genome of
P. vivax. Of particular interest are those unique antigens that may
be under selection by the host immune system. Subsequent stud-
ies on microsatellites, single nucleotide polymorphisms (SNPs)
or repetitive regions may provide the basis for the strategic devel-
opment of mono- or polyvalent vaccines, as well as aid in answer-
ing the fundamental molecular and epidemiological questions
surrounding P. vivax. The ability to distinguish the subtle inter-
play of genetic transmission among different populations of
malaria is necessary to fully understand the local and global epi-
demiology of a parasitic species. In this article, we will review
the characteristics of the known polymorphisms in the genes
of antigenic proteins from the South Korean isolates of P. vivax,

and discuss the current issues surrounding the gene and popu-
lation structures of this parasite.

POLYMORPHIC MOLECULAR MARKERS IN
SOUTH KOREAN P. VIVAX

The high levels of antigenic polymorphism found in most P.
vivax parasites indicate the development of sophisticated eva-
sion of the human immune system [8]. Detailed knowledge of
this genetic variation and comparisons of inter- and intra-species-
specific levels of gene variation will both resolve epidemiologi-
cal questions about parasite origin and provide tools with which
to design an effective vaccine. Polymorphic repetitive sequences,
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particularly microsatellites and SNPs, have rarely been exploit-
ed as vaccine candidate for P.vivax infection. The determination
of complete sequences and positional similarity mining with
other interspecies sequences will accelerate the search for useful
genetic markers [9]. In particular, a genome-wide next-genera-
tion sequencing technique and a gene-specific microarray sys-
tem are needed [10,11].

Elucidation of the genetic diversity of Korean isolates will en-
hance knowledge of the biology and epidemiology of P. vivax.

To date, the following antigenic markers have been tested and
reported for Korean P. vivax (Table 1): circumsporozoite protein

(CSP), merozoite surface protein 1 (MSP-1) and MSP-3, Duffy
binding protein (DBP), apical membrane antigen 1 (AMA-1),
and GAM-1 [12-22].

CSP
The CSP is abundantly expressed on the surface of the sporo-

zoite and is one of the candidate antigens for malaria vaccine.
The gene encoding P. vivax CSP (PvCSP) was first cloned and
sequenced in 1985 [23]. PvCSP comprises 3 distinct domains;
a central repetitive (CR) domain with a variable number of tan-
dem repeats, and 2 highly conserved non-repetitive terminals.
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Gene Allele Sequences analysis in polymorphic regions of each gene Reference

Pre-repeat region Number of repeat motive Post-repeat region
Belem KKAEPKNPRENKLKQP GVGDRAD/AGQPA X 20 GGNAANKKAEDA   GGNA X 2 * [12]

PvCSP SKA*(KPVCSP96-6)** X 18 X 3 **[13]
SKB*(KPVCSP96-11)** X 20 X 2 **[14]
Sal-1 X 20

Region between ICB4 and ICB5
391 394 401 414 489 526 529 607 619 651 656

Belem FTDA IIPESTKSAGTPGK LKETY KELEE DEFKTK LTVEN VEGQV YVPKVYNTG
PvMSP-1 SKA N V SASS T Q Y L I K [16]

SKB N V SASS T Q Y D K L I K
Sal-1 Y D K I L I K S

Region between ICB5 and ICB6
Pre-poly Q repeat region Number of poly Q repeat

PvMSP-1 Belem AKPAASAPVTSGQL LRGSSEAATEVTTNAVTSEDQQQ X 10 [15]
South Korea N TVAAADIVAKGQS LRGASE GT G T NAQTAVV X 4-10
Sal-1 N TVAAADIVAKGQS LRGASE GT G T NAQTAVV

Coiled-coil heptad repeat region
Belem

PvMSP-3 Type I (SKOR-67) [17]
Type II (SKOR-69)
Chesson

Region II (cysteine rich region)                        Region III-IV
40 53 59

Belem YSEVV TGKNAQQR AGTGATAGCGATGGACCTGCGGAA- - - - - - - - - - - - - - - - - - - - - -
- - - - - TCAATGGC

PvDBP SK-1*(P97-11)** K DEK AGTGATAGCGATGGACCTGCGGAA- - - - - - - - - - - - - - - - - - - - - - * [20]
- - - - - TCAATGGC **[21] 

SK-2*(P97-14)** EK H AGTGAT- - - - - - GGACCTGCGGAATTTGCAGAATCTACGAAATCTG
CGGAATCAATGGC

Sal-1 K DEK AGTGATAGCGATGGACCTGCGGAA- - - - - - - - - - - - - - - - - - - - - -
- - - - - TCAATGGC

107 112 132 141 145 189

Belem SAYSFLKPV NANDH LENLKAR EKEKT
PvAMA-1 SKOR type I*(SKA)** T D K * [18]

SKOR type II*(SKG)** T D **[19]
Sal-1 D R A E

33-bp repeat

PvGAM-1
Belem TCCATTCGGGTGGGGACGTCGGCGGTGGGGGGG X 4

[22]
SK X 4
Chesson X 3

Table 1. Genetic characteristics of alleles found in South Korean isolates

The letters indicate the polymorphic variation sites. The dots and dashes represent identical residues and deletions, respectively.



The CR domain varies in length and in sequence content among
the strains of P. vivax and belongs to 1 of 2 genotypes of non-
apeptide repeat units (GDRAD/AGPQA or ANGAGNQPG),
named respectively VK210 or VK247 [23,24]. Investigation of
genetic differences (i.e., polymorphisms) in the repeat region
of CSP provides useful information on the geographical distri-
bution of malaria isolates in endemic regions. CSP is also a prime
candidate antigen for vaccines being developed for malaria, and
an anti-CSP vaccine has successfully completed Phase III clini-
cal trials [25].

South Korean P. vivax isolates contain unique PvCSP poly-
morphisms in the CR domain, and in the pre- and post-repeat
regions [12-14]. Two predominant allelic variants with minor
variations in nucleotide sequences in the VK210 genotype have
been identified in all South Korean isolates; the nonapeptide
sequences are repeated 18 times in South Korean type A (SKA)
(or KPVCSP96-6) and 20 times in South Korean type B (SKB)
(or KPVCSP96-11) [12-14]. No cases of VK247 or of the mixed
type have been found in South Korean P. vivax [12]. Similarly,
the VK210 type variant is predominant in Azerbaijan strains, as
in the South Korean isolates [26]. The allelic frequency of VK210
in Thailand was found to be 77%, whereas 62% of Colombian
isolates were VK247 [27,28]. We therefore postulate that this
specific type predominance phenomenon could be attributed
to an adaptive response to selection pressure on a particular geno-
type [29] or to a preferential production of sporozoites carrying
a more efficient gene for certain mosquito species [30]. In addi-
tion, the effects of geographic origin or regional temporal fluc-
tuations of genotypes could influence type predominance [29].

PvCSP SKA (or KPVCSP96-6) and SKB (or KPVCSP96-11)
alleles from current South Korean isolates are similar to those
from Chinese (CH-5) and North Korean isolates, respectively
[12-14]. CH-5 and North Korean isolates are classified as the East
Asian group and the apparent genetic similarities are explained
as due to regional proximity [12]. Therefore, the data strongly
suggest that the reemerged P. vivax in South Korea originated
from East Asia. All isolates carry the same pre-repeat sequences
[14] and harbor a 36-bp post-repeat insert (GGNAANKKAEDA)
[12-14]. Both of these characteristics were previously observed
in P. vivax isolates from North Korea and China (CH2-7) [31,32].
In the post-repeat region, the only difference between 2 Korean
genotypes is the presence of 3 additional tandem copies of a 4
amino-acid sequences (GGNA) found in the SKA (or KPVC-
SP96-6) allele and 2 copies in the SKB (or KPVCSP96-11) allele.

MSP-1
Merozoite surface proteins, including MSP-1, MSP-2, and

MSP-3, play an important role during the invasion phase of the
erythrocyte’s life cycle. These proteins have previously been stud-
ied as potential targets for vaccine development [25,33]. The P.

vivax MSP-1 (PvMSP-1) is expressed as a 200 kDa protein on
the merozoite surface, and has been cloned and sequenced [34].
The primary structure of PvMSP-1 was originally characterized
from the Belem and Salvador-1 (Sal-1) isolates, and consists of
conserved, semi-conserved, and polymorphic regions [34,35].
Sequence comparisons indicate that 10 regions are relatively
conserved among the species of Plasmodium [34]. These inter-
species conserved blocks (ICBs) show an overall sequence sim-
ilarity of 48% in pair-wise alignments. This highly polymorphic
nature may indicate an additional use for MSP-1 as a potential
alternative molecular epidemiologic marker for genotyping P.

vivax [36]. In malaria parasites isolated from Brazil [37], Sri Lanka
[38], Colombia [39], Papua New Guinea [40], and Thailand [41],
the intervening region between ICB5 and ICB6 demonstrates a
dimorphic nature. Relatively frequent inter-allelic recombina-
tion types have also been observed, indicating the possibility of
a new third type of PvMSP-1 in addition to types 1 (Belem) and
2 (Sal-1) [42].

Alignment of 31 district alleles, including 2 South Korean allel-
ic types, showed that PvMSP-1 has the mosaic pattern, consist-
ing of the 7 inter-allele conserved blocks flanked by 6 variable
blocks [43]. Sequence comparison and mapping of MSP-1 poly-
morphic regions between ICB5 and ICB6 obtained from 25 South
Korean isolates showed very similar gene structures, which would
belong to inter-allelic recombination types of MSP-1 [15]. The
pre-poly Q repeat region of Korean isolates are identical to that
of Sal-1 strain, whereas poly Q repeat region is similar to that
of Belem strain. Comparison of sequences between ICB 5 and
6 with those of other regional isolates indicated that the gene
structures of Korean isolates are similar to those of Thai isolates
(TD424 and TD525) [15].

Investigation of genetic variability in the region between ICB4
and ICB5 of South Korean isolates using sequence analysis and
a type-specific PCR showed the co-existence of 2 different geno-
types, SKA and SKB [16]. Non-synonymous nucleotide point
mutations were identified at 13 sites, and synonymous nucleo-
tide substitutions were found at 16 sites. However, 12 missense
mutations for SKA and 14 missense mutations for SKB of ICB4-
5 were identified in comparison with the Belem strain (1081-
2025 sites). Eleven point mutations appeared at the same sites
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in both SKA and SKB, whereas 2 missense mutations at the resi-
dues 526 (Glu Asp) and 529 (Thr Lys) were found only in
SKB. A type-specific PCR study showed that, of the 100 samples
collected in 1999, 52 vivax malaria patients had SKA, 28 had
SKB, and 20 had both SKA and SKB [16]. When compared with
genotypes of isolates from other global regions, the SKA and
SKB of PvMSP-1 ICB4-5 were closely related to Solomon Island
(Solo-83) and Philippine (Ph-49, Ph-52-2 and Ph-79) isolates
[16]. However, the 2 alleles of South Korean isolates were clear-
ly distinguishable from previously reported genotypes [16]. The
low genetic diversity of Korean isolates may be due to the low
transmission intensity in domestic areas with limited seasonal
prevalence of malaria or to suboptimal conditions for the trans-
mission of the mosquito [44]. In other global endemic areas,
commonly known PvMSP-1 diversities, such as ICB2-ICB4 and
ICB8-ICB10, have been indexed [45,46]. However, information
on these regions has not been studied for PvMSP-1 from South
Korean isolates.

MSP-3
The P. vivax MSP-3 (PvMSP-3) is a 150 kDa protein comprised

of 3 characteristic domains; an alanine-rich central domain hav-
ing a series of heptad repeats that are predicted to form a coiled-
coil tertiary peptide structure, and a highly conserved C- and N-
terminal region [47]. The PvMSP-3 gene family consists of 3 intra-
species genes, PvMSP-3α, PvMSP-3β, and PvMSP-3γ, and it ex-
hibits a high degree of genetic diversity [48]. PvMSP-3 is a use-
ful polymorphic marker in endemic areas [49]. The antigenic
nature of PvMSP-3 made it a candidate for a potential malaria
vaccine [25,50].

The genetic characteristics of PvMSP-3 from South Korean
isolates were determined in 2004 [17]. The genetic properties
of PvMSP-3 from the Korean isolates can be divided into 2 dis-
tinct allelic types: types I (SKOR-67) and II (SKOR-69). Type I
is similar to that of the Belem strain, except for the degree of
amino acid sequence variation. However, type II is more simi-
lar to the Chesson strain, with differences in amino acid sequen-
ces at positions 558-563 and 605-612. Both type I and type II
isolates appear to differ from the North Korean strain, particu-
larly in the 13 sequences that comprise the coiled-coil heptad
repeats, although the sequence similarity between the 2 types
of South Korean isolates and the North Korean strain is 87-90%.
When the genotypes of PvMSP-3 in the Korean isolates were
compared with those of PvMSP-1, a close correlation was found
between the 2 genetic loci [17]. Type I of PvMSP-3 is associated

with type A of PvMSP-1, and type II with type B. The 2 isolates
also exhibit crossing combinations with type II for PvMSP-3 and
type A (SKA) for PvMSP-1.

DBP
The P. vivax Duffy binding protein (PvDBP), one of the ery-

throcyte-binding proteins, is a 140 kDa protein that contains 2
functionally conserved cysteine-rich regions, regions II and IV
[51,52]. The polymorphic nature of the antigen, particularly in
region II, which contains the central binding domain necessary
for the adherence to erythrocyte, is a major impediment to the
successful design of a protective vaccine against vivax malaria
[53]. Therefore, a precise sequence classification method that
offers a high degree of accuracy will strengthen the potential use
of a PvDBP malaria vaccine candidate.

Most of the predicted amino acid sequences in region II of
PvDBP are quite conserved and show a high degree of sequence
similarity to the Belem and Sal-1 strains [20,21]. Kho et al. [20]
reported a 2.2% substitution rate in a total of 225 amino acids
within region II of the Belem strain. Suh et al. also found a 3%
substitution rate among the 606 amino acids of region II [21].
Phylogenetic analysis using a neighbor-joining method has also
revealed that region II (amino acid 291-515) of DBP is divided
into 2 distinct cluster groups [53]. The amino acid substitutions
were commonly found to carry a few non-synonymous muta-
tions in the middle of a cysteine-rich region. Although the con-
sequences of mutations in region II are unknown, these varia-
tions are not predicted to affect the binding affinity of PvDBP
to erythrocytes [54]. 

PvDBP regions III (or IV) from South Korean isolates can be
classified into 2 alleles on the basis of the grouping of mutations
in the nucleotides or the corresponding amino acids [20,21].
Tsuboi et al. classified PvDBP alleles into 3 groups according to
the nucleotides inserted in region III (or IV) [55]. The first group
has only a 6 bp insert, the second group has only a 30 bp insert,
and the third group has both of these inserts. Sequence analysis
of region III (or IV) has revealed that the SK-1 (or P97-11) allele
has a tandem repeat of a 6 bp insert, which is identical to region
III (or IV) of the Papua New Guinea isolates. The SK-2 (or P97-
14) allele contains the same 30 bp insert and is also identical
to the Sal-1 gene. 

AMA-1
The P. vivax apical membrane antigen 1 (PvAMA-1) is thought

to play an essential role in erythrocyte invasion since it shows a
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high degree of interspecies conservation [56,57]. This gene has
only a few predominant haplotypes and thus limited genetic
diversity has been shown in various geographic regions [52].
However, SNPs have been identified in some gene regions of
PvAMA-1 [57]. Thus, identification of SNPs may provide an op-
portunity to use this gene as a marker for typing parasite popu-
lations [58].

Sequence analyses of the polymorphic region corresponding
to nucleotides 324-735 (amino acids 108-245) of the PvAMA-
1 gene have indicated on the basis of an amino acid residue sub-
stitution that 2 genotypes are present in South Korean isolates
[18,19]. The Korean isolates contain non-synonymous sequence
variations at 3 different positions as compared to the Belem strain.
Variation at the position of amino acid residue 189 (Glu Lys)
has been found only in SKOR type I (or SKA). Comparison of
219 sequences of isolates collected from 9 countries revealed
that the PvAMA-1 polymorphism in Korean isolates is similar
to that in 2 Chinese isolates [18,19]. SKOR type I (or SKA) is
identical to AAP, and SKOR type II (or SKG) is identical to an
AAN haplotype of Chinese isolates. It was concluded that these
2 genotypes of AMA-1 are common in East Asian countries, such
as China and South Korea [19]. However, due to a lack of deta-
iled information on the molecular specificity, the overall geo-
graphical characteristics of PvAMA-1 are not yet known. To elu-
cidate the geographical distribution of PvAMA-1, more informa-
tion and genetic investigations of isolates from Southeast Asia,
China, North Korea and their neighboring countries are neces-
sary.

GAM-1
The P. vivax GAM-1 (PvGAM-1) is expressed during the ga-

metocyte stage of the malaria life cycle. PvGAM-1 has a poten-
tial as a transmission-blocking vaccine candidate that could
completely stop the development of parasites in the mosquito
[59]. Although PvGAM-1 has been used as a new polymorphic
marker for field studies of P. vivax population, frequent failures
during gene amplification limits its suitability for this purpose
[60]. PvGAM-1 displays polymorphic deletions of a repetitive
33 bp motif near the 3′end in a limited number of Sri Lankan
and Indian isolates [61,62]. Sequence analysis of the polymor-
phic region of PvGAM-1 (Belem strain nt 3792-4029) in South
Korean isolates revealed only 1 genotype containing four 33 bp
motifs  [22]. The predominance of a single genotype in South
Korean isolates may imply that the intensity of malaria trans-
mission in the region is very low, or it may indicate that the poly-

morphic region of PvGAM-1 is not a real epitope that is associ-
ated with transmission blocking [61,63]. In conclusion, PvGAM-
1 is not a good polymorphic genetic marker in Korean P. vivax

isolates.

POPULATION GENETICS AND TRANSMISSION
INTENSITY

In endemic areas, the level of genetic diversity, or the extent
of mixed type population of P. vivax, is expected to differ by the
transmission efficiency, since the only chance for genetic recom-
bination is during meiotic periods [57]. Plasmodium parasites
are haploid cells throughout their life cycle, except in the sexual
stage. Malaria parasites in hyperendemic zones, such as Papua
New Guinea and Thailand, exhibit higher transmission rates
and higher degrees of recombination in the genes encoding mal-
aria vaccine antigens, including CSP, MSP-1, and MSP-3α[27,
40,64]. In P. vivax malaria, the estimated proportion of geneti-
cally mixed type infections in Papua New Guinea, Thailand, and
India ranges from 30% to 65% [27,40,64]. On the other hand,
the frequency of the mixed type infection (observed by type-spe-
cific MSP-1 PCR) in South Korean isolates is nearly 20% [16].
Overall, South Korean P. vivax usually shows relatively low genet-
ic diversity. This is probably due to the low rate of malaria trans-
mission intensity and the few strains involved.

Knowledge of the genetic population structure of malaria par-
asites helps to reveal the distribution of genetic differences with-
in a limited population and to elucidate how variations change
over time. Moreover, quantification provides useful information,
including the level of genetic drift, how alleles are spatially dis-
tributed, and how the genetic diversity is organized. There is
considerable population diversity of Plasmodium sp. in endem-
ic regions [52,57]. However, little is known about the genetic
diversity and population dynamics of P. vivax in the Korean Pe-
ninsula, although malaria has been prevalent for many centuries
and is a current public health problem.

CONCLUSION

Genetic studies of several antigenic proteins, including CSP,
MSP-1, MSP-3, DBP, and AMA-1 isolated from strains of P. vivax

malaria that reemerged in South Korea, have shown the co-exis-
tence of 2 distinct haplotypes. The genetic diversity of the genes
of interest is very low in South Korean isolates. This may be due
to the effect of the limited seasonal prevalence and the transmis-
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sion abilities of the mosquito vector. In comparison with the
polymorphism seen in genetic markers in other endemic regions,
South Korean isolates are most similar to those of East Asia, in-
cluding China and North Korea. Very few studies have investi-
gated the genetic population structure of P. vivax in Korean iso-
lates. Studies remain inconclusive regarding both the genetic
characteristics of antigens, including mutations that lead to anti-
genic variation and population structures of P. vivax. Future stud-
ies may provide further information that may lead to the devel-
opment of an effective P. vivax vaccine.

REFERENCES

1. Warrell DA, Gilles HM. Essential Malariology. 4th ed. London, A
Hodder Arnold Publication. 2002, p 8-34.

2. Bruce-Chwatt LJ. Malaria and its control: present situation and
future prospects. Ann Rev Public Health 1987; 8: 75-110. 

3. Hay SI, Guerra CA, Tatem AJ, Noor AM, Snow RW. The global
distribution and population at risk of malaria: past, present, and
future. Lancet Infect Dis 2004; 4: 327-336.

4. Mendis K, Sina BJ, Marchesini P, Carter R. The neglected burden
of Plasmodium vivax malaria. Am J Trop Med Hyg 2001; 64: 97-
106.

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

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

7. Shin EH, Guk SM, Kim HJ, Lee SH, Chai JY. Trends in parasitic
diseases in the Republic of Korea. Trends Parasitol 2008; 24: 143-
150.

8. Hisaeda H, Yasutomo K, Himeno K. Malaria: immune evasion by
parasites. Int J Biochem Cell Biol 2005; 37: 700-706.

9. Carlton J. The Plasmodium vivax genome sequencing project. Tr-
ends Parasitol 2003; 19: 227-231.

10. Verra F, Mangano VD, Modiano D. Genetics of susceptibility to
Plasmodium falciparum: from classical malaria resistance genes
towards genome-wide association studies. Parasite Immunol 2009;
31: 234-253.

11. Carret CK, Horrocks P, Konfortov B, Winzeler E, Qureshi M, New-
bold C, Ivens A. Microarray-based comparative genomic analyses
of the human malaria parasite Plasmodium falciparum using Af-
fymetrix arrays. Mol Biochem Parasitol 2005; 144: 177-186.

12. Kho WG, Park YH, Chung JY, Kim JP, Hong ST, Lee WJ, Kim TS,
Lee JS. Two new genotypes of Plasmodium vivax circumsporozoite
protein found in the Republic of Korea. Korean J Parasitol 1999;
37: 265-270.

13. Lim CS, Kim YK, Lee KN, Kim SH, Hoffman KJ, Song KJ, Song
JW. The analysis of circumsporozoite-protein gene sequences from
South Korean isolates of Plasmodium vivax. Ann Trop Med Para-

sitol 2001; 95: 229-235.
14. Kim T, Kim YJ, Song KJ, Song JW, Cha SH, Kim YK, Shin YK, Suh

IB, Lim CS. The molecular characteristics of circumsporozoite pro-
tein gene subtypes from Plasmodium vivax isolates in Republic of
Korea. Parasitol Res 2002; 88: 1051-1054.

15. Lim CS, Kim SH, Kwon SI, Song JW, Song KJ, Lee KN. Analysis
of Plasmodium vivax merozoite surface protein-1 gene sequences
from resurgent Korean isolates. Am J Trop Med Hyg 2000; 62:
261-265.

16. Kim SH, Hwang SY, Shin JH, Moon CS, Kim DW, Kho WG. Mol-
ecular genetic characterization of the merozoite surface protein
1 Gene of Plasmodium vivax from reemerging Korean isolates.
Clin Vaccine Immunol 2009; 16: 733-738.

17. Han ET, Song TE, Park JH, Shin EH, Guk SM, Kim TY, Chai JY.
Allelic dimorphism in the merozoite surface protein-3αin Korean
isolates of Plasmodium vivax. Am J Trop Med Hyg 2004; 71: 745-
749.

18. Han ET, Park JH, Shin EH, Choi MH, Oh MD, Chai JY. Apical
membrane antigen-1 (AMA-1) gene sequences of re-emerging
Plasmodium vivax in South Korea. Korean J Parasitol 2002; 40:
157-162.

19. Chung JY, Chun EH, Chun JH, Kho WG. Analysis of the Plasmo-
dium vivax apical membrane antigen-1 gene from re-emerging
Korean isolates. Parasitol Res 2003; 90: 325-329.

20. Kho WG, Chung JY, Sim EJ, Kim DW, Chung WC. Analysis of
polymorphic regions of Plasmodium vivax Duffy binding protein
of Korean isolates. Korean J Parasitol 2001; 39: 143-150.

21. Suh IB, Hoffman KJ, Kim SH, Song KJ, Song JW, Lee JS, Lim CS.
The analysis of Plasmodium vivax Duffy receptor binding domain
gene sequence from resurgent Korea isolates. Parasitol Res 2001;
87: 1007-1010.

22. Kho WG, Chung JY, Hwang UW, Chun JH, Park YH, Chung WC.
Analysis of polymorphic region of GAM-1 gene in Plasmodium
vivax Korean isolates. Korean J Parasitol 2001; 39: 313-318.

23. Arnot DE, Barnwell JW, Tam JP, Nussenzweig V, Nussenzweig RS,
Enea V. Circumsporozoite protein of Plasmodium vivax: gene clon-
ing and characterization of the immunodominant epitope. Science
1985; 230: 815-818.

24. Rosenberg R, Wirtz RA, Lanar DE, Sattabongkot J, Hall T, Waters
AP, Prasittisuk C. Circumsporozoite protein heterogeneity in the
human malaria parasite Plasmodium vivax. Science 1989; 245: 973-
976.

25. Sharma S, Pathak S. Malaria vaccine: a current perspective. J Vector
Borne Dis 2008; 45: 1-20.

26. Leclerc MC, Menegon M, Cligny A, Noyer JL, Mammadov S, Aliyev
N, Gasimov E, Majori G, Severini C. Genetic diversity of Plasmo-
dium vivax isolates from Azerbaijan. Malar J 2004; 3: 40.

27. Cui L, Mascorro CN, Fan Q, Rzomp KA, Khuntirat B, Zhou G,
Chen H, Yan G, Sattabongkot J. Genetic diversity and multiple
infections of Plasmodium vivax malaria in Western Thailand. Am J
Trop Med Hyg 2003; 68: 613-619.

28. Gonza@lez JM, Hurtado S, Are@valo-Herrera M, Herrera S. Variants
of the Plasmodium vivax circumsporozoite protein (VK210 and

S56 Korean J Parasitol. Vol. 47, Supplement: S51-S58, October 2009



VK247) in Colombian isolates. Mem Inst Oswaldo Cruz 2001;
96: 709-712.

29. Kim JR, Imwong M, Nandy A, Chotivanich K, Nontprasert A, To-
nomsing N, Maji A, Addy M, Day NP, White NJ, Pukrittayakamee
S. Genetic diversity of Plasmodium vivax in Kolkata, India. Malar J
2006; 5: 71.

30. Rodriguez MH, Gonzalez-Ceron L, Hernandez JE, Nettel JA, Villa-
rreal C, Kain KC, Wirtz RA. Different prevalences of Plasmodium
vivax phenotypes VK210 and VK247 associated with the distrib-
ution of Anopheles albimanus and Anopheles pseudopunctipennis in
Mexico. Am J Trop Med Hyg 2000; 62: 122-127.

31. Mann VH, Huang T, Cheng Q, Saul A. Sequence variation in the
circumsporozoite protein gene of Plasmodium vivax appears to be
regionally biased. Mol Biochem Parasitol 1994; 68: 45-52.

32. Collins WE, Skinner JC, Krotoski WA, Cogswell FB, Gwadz RW,
Broderson JR, Ma NS, Mehaffey P, Sutton BB. Studies on the North
Korean strain of Plasmodium vivax in Aotus monkeys and differ-
ent anophelines. J Parasitol 1985; 71: 20-27.

33. Mahanty S, Saul A, Miller LH. Progress in the development of
recombinant and synthetic blood-stage malaria vaccines. J Exp
Biol 2003; 206: 3781-3788.

34. del Portillo HA, Longacre S, Khouri E, David PH. Primary struc-
ture of the merozoite surface antigen 1 of Plasmodium vivax reveals
sequences conserved between different Plasmodium species. Proc
Natl Acad Sci USA 1991; 88: 4030-4034.

35. Gibson HL, Tucker JE, Kaslow DC, Krettli AU, Collins WE, Kiefer
MC, Bathurst IC, Barr PJ. Structure and expression of the gene for
Pv200, a major blood-stage surface antigen of Plasmodium vivax.
Mol Biochem Parasitol 1992; 50: 325-333.

36. Imwong M, Pukrittayakamee S, Gru_ner AC, Re@nia L, Letourneur
F, Looareesuwan S, White NJ, Snounou G. Practical PCR geno-
typing protocols for Plasmodium vivax using Pvcs and Pvmsp1.
Malar J 2005; 4: 20.

37. Porto M, Ferreira MU, Camargo LM, Premawansa S, del Portillo
HA. Second form in a segment of the merozoite surface protein
1 gene of Plasmodium vivax among isolates from Rondônia (Bra-
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