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Background: Plasmodium vivax malaria accounts for 80% of the malaria cases in Delhi, India. The gene
merozoite surface protein 3 alpha (MSP3a) is highly polymorphic and has been used as marker in many
P. vivax population studies.

Methods: MSP3a has been used to assess the genetic diversity of P. vivax samples from Delhi (India) having
more than one malaria episode (s) i.e. clinically identified relapse cases using PCR-RFLP and sequencing.

g‘xxﬂ;m vivax Results: Three major genotypes 2.0kb (A), 1.4kb (B) and 1.2 kb (C) were amplified from 72 isolates with
MSP-3a frequencies of 72.2%, 19.44% and 9.72% respectively. One sample out of 72 showed mixed infection having
Polymorphism both A and B type genotypes. 82.05% patients showed same genotype while only 17.94% patients showed
Malaria different genotypes after subsequent malaria episodes. 18 different genotypes with Alu I and 35 with

Hha I were identified among 72 samples analyzed by restriction fragment length polymorphism (RFLP).
18 Pvmsp3a nucleotide sequences were analyzed and it did not reveal any distinct intragenic differences
within sequences of the same type, however, allelic diversity among the three types (I1=0.029703) was
observed. Phylogenetic analysis showed allelic family types A, B and C were not clustered but distributed
in different branches. The results indicate that the P. vivax parasite population is highly diverse in Delhi,
India. A large number of amino acid substitutions were found at the locus of the isolates when compared
with the Belem Strain (IT =0.030528). The substantial sequence diversity is largely restricted to certain
domains of encoded protein. Analysis of synonymous and nonsynonymous substitutions suggested that
different selection forces were operating on different regions of the protein molecule.
Conclusion: We propose that genotyping of the PvMSP-3« gene as one of the molecular tools for differen-
tiating relapse from new infection in epidemiological settings. The analyses of sequence polymorphism
in PvMSP-3a gene enable it as potential candidate for inclusion in a P.vivax vaccine research.
© 2019 The Authors. Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University
for Health Sciences. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Sequence diversity
Restriction pattern
Paired isolates

Introduction to the emergence of a highly diverse parasite population. Mostly
genetic studies have been done on Plasmodium falciparum using
polymorphic markers MSP1, MSP2 and GLURP [4,5]. The focus has

now been shifted to P. vivax, with a number of genes encoding MSPs,

The global burden of malaria due to Plasmodium vivax is about
70-80 million cases annually. Malaria in India contributes around

2-2.5 million cases every year. P.vivax is the most widely dis-
tributed plasmodium species and is very prevalent in Delhi, India.
It causes about 60-65% of all malaria infections in India [1-3]. The
prevalence of P. vivax population may increase again due to its abil-
ity to evade the host immune system which in turn would lead
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CSP, AMA I and GAM I being identified [6,7]. Merozoites are one of
the prime vaccine targets, and antibodies against merozoite surface
molecules have shown to block parasite invasion in erythrocytes
in vitro [8]. Plasmodium merozoite surface proteins are targets of
naturally acquired and vaccine-induced immunity against malaria
and PvMSP3a a member of MSP3 gene family has been recently
validated as a genetic marker to study polymorphism from diverse
geographic regions [9-13]. MSP3-« is a single copy gene that is
highly polymorphic used for P. vivax genotyping, [9,13]. It encodes
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a merozoite surface protein with an alanine-rich central domain
predicted to form a coiled-coil tertiary structure [14].

In contrast to P.falciparum, the management and control of
P.vivax is perplexed and complicated by its ability to cause relapse
infections, a phenomenon that has intrigued parasitologists for
more than century but the reason and mechanisms of which remain
enigmatic. Relapse is the result of the activation of quiescent liver-
stage developmental forms, known as “hypnozoites” that remain
dormant within hepatocytes for varying intervals before sponta-
neously dividing and developing into schizonts and subsequently
releasing invasive merozoites into the bloodstream to infect red
blood cell. Relapse is an important aspect of P.vivax life cycle bear-
ing upon chemotherapy and its assessment. To date, the underlying
mechanism of influencing relapses and the patterns of relapses in
vivax infection are remain unclear. However, limited experimen-
tal and clinical studies have proposed that vivax malaria infections
acquired in different geographic and climatic regions have demon-
strated striking differences in their pattern of relapse. In general,
strains from subtropical or tropical zones are associated with early
primary infections followed by frequent relapses in short intervals,
whereas strains from temperate zones are associated with pri-
mary infections that tend to delayed, with fewer relapses [15-17].
Mixed relapse patterns are observed in some area [1,18]. In addi-
tion, some investigators have reported that a relapse pattern are
strain specific, reproducible in different hosts and appears to be
largely independent of infected host’s immune response [19]. Thus,
it is suggested that the timing of relapses is strain-dependent and
determined by the genetic makeup of the individual sporozoites,
leading to the concept of tachysporozoites (strains with short
latent periods) and bradysporozoites (strains with long latent peri-
ods) [16,20]. However, relapse biology remains poorly understood
at the molecular level with contrast findings on genetic related-
ness among paired primary infection and relapse isolates. Earlier
molecular studies indicate that parasites associated with primary
infection and relapses are not genetically different [21,22] whereas
recent investigation by Imwong et al. [23] and Chen et al. [24]
have demonstrated that parasite isolates associated with relapse
of infection rarely have the same genotype as the parasites that
caused the primary infection. The objectives of the present study
were to distinguish between new infection or relapse (isolates
with different genotypes) and treatment failure (isolates with same
genotypes) using PCR-RFLP. The protocol was tested with blood
samples from patients with multiple malaria episodes. In this study,
further sequencing of number of isolates was done to determine the
genetic diversity of reemerging P. vivax in the same patient.

Materials and methods
Patients and clinical data

A total of 72 isolates from 33 patients (28 patients (paired) suf-
fered from two, 4 patients (triplicate) suffered from three and 1
patient (quadruplet) suffered from four malarial episodes) with
an evidence of vivax infection on microscopic examination of
outpatient of either sex (Table 1) who attended local Malaria
Clinic at 2-Nanak Enclave, National Institute of Malaria Research,
New-Delhi, India were included in this study. Stringent diagnos-
tic criteria were used to diagnose vivax infection with our trained
technical staff. Data collected included basic demographic informa-
tion, pattern and onset of infection and use of medications. Clinical
records were used to verify patients’ data and the study protocol
was carried out in accordance with the National Institute of Malaria
Research, Delhi, human ethical guideline as reflected in the guide-
lines of the medical ethics committee, Ministry of Health, India and
informed consent was obtained from each patient. Blood specimens

were collected from all age groups during different transmission
periods of the year from positive cases of P.vivax malaria, who had
undergone clinical investigation and confirmed on the basis of clin-
ical symptoms and a parasite blood film was checked after staining
with JSB stain [25]. All patients were found to be only infected with
P.vivax.

DNA isolation

Blood samples were collected from patients with vivax infection
as dried blood spots on filter papers (Whatmann 3). Genomic DNA
was extracted using DNA isolation kit (QIAmp DNA mini Kit: Qia-
gen, Krefeld, Germany), following the manufacturer’s instructions.

Genotyping of PvMSP-3alpha

The genetic polymorphism of PvMSP-3a gene was carried out
as described by Bruce et al. [9]. The MSP-3«a gene was amplified
by a nested PCR. In a 20 .l PCR reaction volume, 2 pl of template
DNA was used in primary reaction and 1 .l of the primary product
was used in nested PCR. The PCR parameters were as follows: an
initial denaturation step at 95 °C for 3 min preceded the cycles of
denaturation at 94 °C for 30s, annealing at 56 °C for primary and
57°C for nested reactions for 30s and an extension at 68°C for
2.5min for 30 cycles in an automated thermocycler (Gene Amp
9700, Applied Biosystem, Foster, LA, USA) The PCR product was
then subjected to electrophoresis on a 0.8% agarose gel, stained
with ethidium bromide and observed under UV light.

Restriction fragment length analysis of PvMsp-3alpha

For restriction digestion analysis, 4 .l of each PCR product was
digested individually with 5 units of Alu I or Hha I restriction
enzymes (NEB) in a 20 pl reaction volume at 37 °C for 4-5h. The
digested products were visualized under UV illumination after elec-
trophoresis on 1.8% agarose gels.

Sequencing of the Pv MSP-3alpha

18 PCR products; 11 out of 52 Type A, 3 out of 14 Type B and 4
out of 7 Type C representing 2.0 kb, 1.4 kb and 1.2 kb respectively
were sequenced using Big Dye terminator kit.v3.1 and the DNA ana-
lyzer 3720XL DNA analyzer (Applied Biosystems, Foster, USA). The
sequences were then analyzed using Mega 4.0 software package
[26].

Analysis of DNA sequencing

Nucleotide sequence data of Type A, Type B and Type C alle-
les obtained in this study were deposited with GenBank accession
numbers HQ328853 to HQ328855 and MK072739 to MK072747
respectively. The allele sequences were aligned and compared with
14 additional previously published PvMSP-3« sequences from var-
ious geographic localities with Gen Bank accession no. AF 4991946,
4991951, 4991955, 4991957 through 4991962, AF 093584, AY
833013, AY 266088, AY 266091 and A] 864941. All aligned
nucleotide sequences were analyzed using Clustal W. An analysis
of the prevalence of synonymous (dS) and non-synonymous sub-
stitutions (dN) in PvMSP-3a was undertaken in order to infer the
type of selective pressure, if any, operating on protein. Z tests were
performed using Mega 4.0 over the complete sequence alignment
[27].
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Table 1
Clinical data of P.vivax positive patients and their recurrent samples showing different genotypes and RFLP pattern.
Patient code Date Age/sex Wt.(Kg.) Temp (°C) Allele size Alul pattern (size in bp) Geno type Hhal pattern (size in bp)  Geno type
(Kb) Alul Hhal
11-03-05 42/M 55 99 14 550,300,230,200,150 1 1.1,400,200 1
PV-1 08-06-05 1.4 550,300,230,200,150 1 1.1,400,200 1
25-04-06 1.4 550,300,230,200,150 1 1.1,400,200 1
11-04-05 13/M 38 2 550,500,430,230,200,150 2 1.1,400250,200,150 2
PV-2 18-05-05 100 2 550,500,430,230,200,150 2 1.1,400250,200,150 2
21-03-05 32/M 48 2 550,500,430,230,200,150 2 1.1,500,450,400,250,200 3
PV-3 06-06-05 104 2 550,500,430,230,200,150 2 1.1,500,450,400,250,200 3
22-03-05 42/M 54 2 550,500,430,230,200,150 2 1.1,350,250,220,150 4
PV-4 08-06-05 102 1.4 550,300,250,200,150 3 1.1,450 5
30-09-05 102 2 550,500,430,230,200,150 2 1.1,500,250,150 6
05-05-05 24/M 56 2 550,500,430,230,200,150 2 1.1,450,250,220 6
PV-5 10-06-05 12 550,230,200,150 4 1.1,200 7
23-06-05 23/M 59 2 550,500,430,230,200,150 2 1.1,350,250,220,150 4
PV-6 01-08-05 104 2 550,500,430,230,200,150 2 1.1,350,250,220,150 4
20-06-05 17/M 45 99 1.4 550,300,250,200,150 3 1.1,350,150 8
PV-7 09-08-05 985 1.4 550,300,250,200,150 3 1.1,350,150 8
25-10-05 21/M 48 98.4 2 550,500,430,250,200,150 5 1.1,450,350,150 9
PV-8 20-12-05 2 550,500,430,250,200,150 5 1.1,450,350,150 9
25-05-05 32/M 66 98.4 2 550,500,430,250,200,150 5 1.1,300,250,200,150 10
PV-9 05-07-05 98.4 2 550,500,430,250,200,150 5 1.1,300,250,200,150 10
19-08-05 99.1 2 550,500,430,250,200,150 5 1.1,300,250,200,150 10
04-07-05 19/M 50 2 550,500,350,250,200,150 6 1.1,450,350,150 9
Pv-10 22-08-05 99 14 550,300,250,200,150 3 1.1,200,150 11
15-07-05 36/M 50 12 550,300,250,150 7 1.1,150 12
PV-11 29-08-05 99 12 550,300,250,150 7 1.1,150 12
11-07-05 38/M 65 105 2 550,500,430,300,250,200,150 8 1.1,450,250,150 13
PV-12 30-08-05 98.4 2 550,500,430,300,250,200,150 8 1.1,450,250,150 13
12-07-05 18/ F 30 98.4 2 550,500,430,250,200,150 5 1.1,500,250,150 6
PV-13 06-09-05 99 2 550,500,430,250,200,150 5 1.1,500,250,150 6
12-07-05 34/F 60 98.6 2 550,500,430,250,200,150 5 1.1,500,250,150 6
PV-14 06-09-05 98.4 2 550,500,430,250,200,150 5 1.1,500,250,150 6
01-09-05 45 [F 53 99 2 550,500,430,250,200,150 5 1.1,350,220,150 14
PV-15 20-10-05 98.4 2 550,500,430,250,200,150 5 1.1,350,220,150 14
05-09-05 35/M 57 99.4 2 550,500,430,250,200,150 5 1.1,300,250,200,150 10
PV-16 14-11-05 1002 2 550,500,430,250,200,150 5 1.1,300,250,200,150 10
01-09-05 23/M 50 98.4 2 550,500,430,250,200,150 5 1.1,450,400,150 15
PV-17 07-04-06 102 2 550,500,430,250,200,150 5 1.1,450,400,150 15
30-01-06 26/M 54 98.2 2 550,500,430,250,200,150 5 1.1,450,250,220 6
PV-18 03-04-06 995 2 550,500,430,250,200,150 5 1.1,450,250,220 6
08-05-06 98.9 2 550,500,430,250,200,150 5 1.1,450,250,220 6
01-09-05 20/F 41 99 12 550,300,250,150 7 1.1,200 7
PV-19 09-05-06 98.9 12 550,300,250,150 7 1.1,200 7
01-09-05 50 [F 50 2 550,500,430,250,200,150 5 1.1,550,250,220 16
PV-20 24-05-06 101.7 2 550,500,430,250,200,150 5 1.1,550,250,220 16
18-08-05 42/M 70 103 1.4 550,430,200,150 9 1.1,400 17
Pv-21 30-05-06 98.9 1.4 550,430,200,150 9 1.1,400 17
12-09-05 22/M 55 99.1 2 550,500,430,250,200,150 5 1.1, 400,300,220,150 18
Pv-22 22-06-06 99.1 2 550,500,430,250,200,150 5 1.1, 400,300,220,150 18
24-08-05 45/ F 55 99 2 550,500,350,250,200,150 6 1.1,550.250,220 19
Pv-23 23-06-06 98.2 2 550,500,350,250,200,150 6 1.1,550.250,220 19
26-07-05 18/M 60 12 550,300,250,150 7 1.1,200 7
PV-24 23-06-06 98.6 12 550,300,250,150 7 1.1,200 7
08-05-06 30/M 61 97.7 2 550,500,430,250,200,150 5 1.1,500,350,150 20
PV-25 11-07-06 98.4 2 550,500,430,250,200,150 5 1.1,500,350,150 20
03-07-06 17/F 43 98.4 1.4 550,300,250,200,150 3 1.1,220,150 21
Pv-26 07-08-06 995 1.4 550,300,250,200,150 3 1.1,220,150 21
03-07-06 35/M 49 103 2 550,500,430,250,200,150 5 1.1,500,400 2
Pv-27 21-08-06 104.1 2 550,500,430,250,200,150 5 1.1,500,400 22
31-08-05 42/M 70 2 550,500,430,230,200,150 2 1.1,400,250,220 23
Pv-28 21-08-06 98.6 2 550,500,430,230,200,150 2 1.1,400,250,220 23
04-07-06 22/M 56 985 2 550,500,350,250,200,150 6 1.1,450,250,150 13
PV-29 04-12-06 1.4 550,300,250,200,150 3 1.1,200,150 11
27-06-07 59/M 70 99.2 2 550,500,300,250,200,150 10 1.1,300,250,220,200,150 24
PV-30 09-10-07 101 2 550,500,300,250,200,150 10 1.1,300,250,220,200,150 24
22-05-08 31/M 56 98.6 2 550,500,350,300,200,150 11 1.1,350,250,220,150 4
18-07-08 100.2 2 550,500,350,300,200,150 11 1.1,350,250,220,150 4
PV-31 05-09-08 986 2,14 550,250,200,150 12 1.1,500,450,250,220 25
20-10-08 98.4 1.4 550,300,250,200,150 3 1.1,220,150 21
09-06-08 19/F 40 98.4 2 550,500,430,230,200,150 2 1.1,450,300,220 26
PV-32 29-07-08 99 2 550,500,430,230,200,150 2 1.1,450,300,220 26
25-08-08 35/M 57 104.1 2 550,500,430,250,200,150 5 1.1,400,250,220,150 27
PV-33 15-10-08 99.7 2 550,500,430,250,200,150 5 1.1,400,250,220,150 27
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Fig. 1. Frequency distribution of three genotypes (A, B and C) in P. vivax clinical isolates during primary and subsequent malaria episodes.

Results

MSP-3a genotyping of the 72 blood samples collected from
33 patients who suffered from multiple malaria episodes revealed
either the same or different monoclonal genotypes except in one
patient, who suffered from four malaria episodes with a mono-
clonal genotype (2.0kb) in the first, second and fourth malaria
episode while in third episode a polyclonal genotype (both type
2.0kb and 1.4 kb) was observed. Based on the size of the PCR prod-
ucts, three major types A (2.0kb), B (1.4kb) and C (1.2 kb) were
identified. In 72 samples, 72.2% of Type A the most predominant
followed by 19.44% of type B and 9.72% of type C were observed.
During the first malaria episode, 78% showed type A, 12% type B and
9% type C was observed while 66% of type A, 25% of type B and 10%
of type C was observed in samples collected during the subsequent
malarial episodes (Fig. 1)

PCR - RFLP

Digestion with Hha I and Alu I yielded fragment sizes that
were highly polymorphic among samples. The combination of RFLP
patterns allowed 53 parasite genotypes to be distinguished. The
PCR-RFLP patterns of all samples with Alu I showed 9 alleles rang-
ing from 150 to 550 base pairs (bp) and Hha I showed 11 alleles
ranging from 150 bp to 1.1 kb. In this study, the RFLP patterns of all
samples showed size conservation of largest fragments i.e. 550 bp
with Alu I and 1.1 Kb with Hha I, not included for distinguishing
different alleles while the smaller fragments showing variation in
size were incorporated for RFLP analysis. The sum of RFLP frag-
ment sizes was not equal to the size of uncut product in some of
the samples. Type A showed 7 and 11, type B showed 6 and 5 and
type C showed 4 and 2 allelic variants when digested with Alu I
and Hha I respectively. All samples gave multiple positive results
on analysis at different time interval ranging from 33 to 355 days.
Out of the 39 subsequent samples collected from 33 patients suffer-
ing from malaria, 32 (82.05%) had identical and 7 samples (17.94%)
had different genotypes compared to primary samples. Out of the
32 samples, 21 had identical RFLP pattern with both Alul and Hha |
and 9 had identical RFLP pattern with Alu I but different with Hha |
while 2 samples had different RFLP pattern with both Aluland Hha
I. 7 samples which had different genotypes showed different RFLP
pattern with both Alu I and Hha 1. Digestion with Hha I revealed

22 different genotypes in type A and 6 in type B and 2 in type C.
No allelic group was prevalent in comparison to each other. Alu I
digestion revealed 7 different genotypes (Al to A7) present in 52
samples of type A and 3 genotypes in 14 samples of type B and 2
genotypes in 7 samples of type C. Genotypes Al and A2 were the
most abundant with apparition frequency of 13/52 (25%) and 29/52
(55.76%) of the infections.

Frequency distribution of alleles

Digestion with Alu I showed 9 alleles ranging from 150 to 550
base pairs (bp) and Hha I showed 11 alleles ranging from 150 bp
to 1.1 kb. After exclusion of the conserved alleles i.e. 550 bp with
Alu I and 1.1 kb with Hha I digestion, the frequency of 150 bp and
250 bp were found to be higher i.e. 93% and 48% with Alu I and Hha
I. respectively among remaining alleles (Fig.2).

Analysis of MSP-3« gene sequences

11 sequences (6 primary and 5 of recurrent malaria episodes) of
type A, 3 (1 primary and 2 of subsequent episodes) of type Band 4 (3
primary and 1 of subsequent malarial episode) of type C were found
to be identical within the allelic class at DNA level. The sequenced
region corresponds to the central alanine-rich domain of PvMSP-
3a sequence of Belem strain (AF 093584) used as a reference in our
study [14]. We studied the phylogenetic relationships among the
parasite isolates using coding region of Pvmsp3a gene. Fig.3 shows
thatall alleles of Type B and C have been originated from single Type
A. The types B and C were distributed in different branches shown
in phylogenetic tree. Sequence comparisons indicate that type A
was found similar to Belem; type B similar to Belem, Chesson and
Salvador whereas type C was found to be similar to Chesson and
Salvador. Phylogenetic tree comparing sequence types A, B and C
with other 14 sequences retrieved from GenBank. Cladogram was
built using the entire sequence alignment. The cladogram showed
that Venezuela and Thailand although from different geographical
regions shared extensive sequence similarity showing a high boot-
strap value. The cladogram clearly showed similarity between type
A allele and Bangladesh sequence (99%). Type B allele was found
to be closer to N. Korea and Sri Lanka (93%) and type C was found
to be closer to Salvador (98%), Papua New Guinea and Thailand
(Fig.4). The deduced peptide sequences of the PvMSP-3a showed
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Fig. 3. Comparison of phylogenetic relationships among 9 sequences (3 of each A, B and C) of Pvmsp3a gene from Indian clinical isolates with that of Belem, Chesson and

Salvador strain.

a large number of amino acid substitutions. When compared to
Belem, the sequences of types A, B and C showed 21, 20 and 28
nucleotide substitutions respectively. Out of these 6, 8 and 9 were
synonymous and 15, 12 and 19 were found to be non-synonymous
mutations in A, B, and C types respectively. As a result of these
non-synonymous substitutions at second codon positions, most
of the polymorphic sites were dimorphic or trimorphic. In major,

distinct blocks shared by different alleles discriminated in three
fragments at different nucleotide (nt) positions have been distin-
guished. Amino acid sequence LIETELAI in type A and MFETEIAI
in type B at nt positions 16-36 were found instead of SIETEIAV
in Belem while type C was having SIETEIAI amino acid motif sim-
ilar to Chesson and Salvador. KAKEASD at nt positions 238-258
was observed only in type A in place of NAKDASE in Belem, Ches-
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Fig. 4. Phylogenetic tree of PvMSP-3a sequences constructed using the Neighbor- joining method. Tree was constructed using 14 available sequences and 3 representative

sequences of classes A, B and C of Indian clinical isolates.

son and Salvador. At another site, the amino acid sequences were
found to be dimorphic with either LSKLEE (Belem and Chesson) or
MSELEK (Salvador). At nt positions 364-384 type A possess LSKLEE
similar to Belem and Chesson while types B and C possess MSELEK
similar to Salvador. At nt positions 505-528, types A and B pos-
sess KEATAAKL similar to amino acid motif of Belem. On the other
hand, type C possess TAANVVKL which is similar to Chesson and
Salvador having TAANVVKD but with a difference in the motif at
the last amino acid from D to L. Amino acid motif AKKAE in Belem,
Chesson and Salvador is replaced by SKKAK found solely in Type
C isolates at nt positions 703-717, and another motif NVARS was
found in all three types (A, B and C) at nt positions 775-789 in place
of DVARA in Belem. Moreover, non-synonymous mutations were
observed solely in type A at nt positions 217 (E—~K), 499 (A—T),
733 (A—V), in type B at nt position 64 (N—Y) and in type C at nt
positions 541 (A—V)and 601 (A—R). In addition, Single Nucleotide
Polymorphism (SNPs) were observed at nt position 604 (A—E) both
in type A and C and at nt position 100, (N—K) at 121 (K—E) and at
802 (T—A) in all the three types (A, B and C) when compared with
Belem (Fig.5).

Discussion

It has been suggested that since the largest size class i.e. type
A occurs at the highest frequency in all sampled natural popu-
lations, the deletions found in smaller size classes may result in
a loss of fitness for those parasites which carry them [12,13,28]
that is in concord with our results in which type A (72.2%) was
the most predominant followed by B and C (19.44% and 9.72%)
respectively. The frequencies of the three Pvmsp3-alpha types were
consistent with those found in Papua New Guinea and Thailand
[9,13,29]. The MSP-3a gene seems to be a good candidate for
studying the genetic diversity of P.vivax populations. In evaluat-
ing genetic diversity and dynamics of the parasite population in
asymptomatic patients in Papua Guinea, Bruce and others [9,13]
identified 24 alleles of the MSP-3« gene in P.vivax infected isolates

based on PCR-RFLP analysis using two restriction enzymes, whereas
in our study, 20 alleles were identified suggesting that P.vivax pop-
ulation was equally diverse. Many factors contribute towards the
genetic diversity of P.vivax population, one of them being relapse
and gametocytemia which favor the cross-fertilization and meiotic
recombination of distinct parasites within the vector and the other
being drug resistance which may affect the duration of infection
and enhance genetic recombination in mosquitoes [13]. Recur-
rent samples from the same patient were taken which could have
been either relapse or newly acquired infection. Samples taken
from the same patient at different time intervals were analyzed
enabling us to assess the turnover of paired samples of P.vivax par-
asite populations collected over 33 and 355 day intervals. In our
study, subsequent samples of 7 patients collected over 45-150 days
intervals showed different genotypes. The rate of turnover depends
upon the rate of acquisition of new infection and rate of clearance
of existing infections. Clearance rates depend on immunity that is
species and most probably genotype specific [30]. It was difficult
to determine the epidemiologic and clinical significance of each
allelic type of the Pvmsp3a locus and the types didn’t clearly cor-
relate with the different incubation period of patients (short and
long) which is well known in reemerging P.vivax malaria. In our
study, 82% of subsequent samples showed same genotype indi-
cating treatment failure/relapse and 18% showed different genetic
composition indicating new infection/relapse with a different para-
site. Although, it has been concluded that parasites associated with
primary infection and those with relapse are usually of a simi-
lar genetic composition, evidence for novel genotypes in P. vivax
associated with relapses was obtained for 24% of the patients (1
of 6 patients in Canada [31], 2 of 10 patients in Brazil [32] and
2 of 5 patients in Thailand) [22,9] inferred re-infection with the
same genotype rather than persistence of an infection in subse-
quent samples from same patient who showed a consistent RFLP
pattern was in accordance with our results where almost out of 82%
uncut recurrent samples, 77% and 53% samples when digested with
Alu I and Hha I respectively from same patients showed consistent
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Fig. 5. Alignment of deduced amino acid sequences of PvMSP-3a of the three major classes A, B and C with the 14 sequences available from GenBank database. The alignment
of the sequences is based on that of Belem strain. Residues highly conserved in the sequences are shown by dots and polymorphic regions are highlighted.

pattern at different time intervals. All field isolates showed a con-
served 1.1 kb band after Hha I digestion and a conserved 550 bp
band after Alu I digestion which was in accordance with the results
of [9] and [12]. Mixed infection was observed only in 1 out of 72
samples which are not in concomitant with the results observed
by [9] who found mixed infections at a greater than expected fre-
quency i.e. 6 parasite genotypes in a single host in Papua New
Guinea. Moreover the pro9portion of mixed gene infections esti-
mated in Papua New Guinea, India and Thailand ranges from 30% to

65%[13,30,33,34] whereas in Northern isolates from Iran, no mixed
genotype infections have been detected by [35] as of yet, suggesting
that the difference in multiple infection rates in different malaria
endemic regions may reflect the difference in malaria transmis-
sion intensity [36]. In our study, the levels of divergence within
the allelic classes were found to be much lower/negligible than
those between allelic classes, in contrast to the analysis done by
[37] who found nine distinct haplotypes among sequences within
each of the three size classes depicting higher intra allelic genetic
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diversity in the isolates from Venezuelan Amazon. The three major
types based on PCR length polymorphism were found to be mixed
by [13] suggesting that the deletion mutations may have arisen in
multiple parasite lines which is in contrast to our study in which
three major types A, B and C had fallen into separate groups. The
very low level of sequence diversity within types B and C alleles
in our study suggests that all alleles of each given size class have
been originated from a single type A allele which is supported by
the predicted phylogeny of the conserved C terminus domain [28].
Found many of the closely related sequences were isolates from dif-
ferent geographical origins i.e. clustering of certain South American
and Thai isolates was in concordance with our study in which the
clustering between isolates from Venezuela and Thailand NYU was
observed. The lack of clustering amongst sequences from the same
geographical region suggests firstly the presence of an ancient P.
vivax population, secondly the independent convergence of poly-
morphic variants in a recent population and thirdly the extensive
exchange of parasite populations [38]. Analysis of nucleotide sub-
stitutions indicated that different selection forces may have acted
on the molecule and shaped the organization of different domains
of the gene. Comparison of synonymous and non-synonymous sub-
stitutions across the PvMSP-3a gene in our study only revealed
dN >dS (not statistically significant, p <0.098) suggesting that this
polymorphic domain might be under positive selection which is
in accordance to the analysis done by [12]. The positive selection
is thought to be maintaining most of the observed polymorphism
in malarial antigens, except for PAMSP5 and PvMSP 4 suggesting
that they might be exposed to different degrees of diversifying
selection such as immune system pressure [38]. New dimorphic
sites found in our isolates have not been reported earlier. LIETE-
LAI in type A or MFETEIAI in type B in place of motif SIETEIAV
present in Belem and another motif KAKEASD found only in type
A isolates while Belem having NAKDASE implying that isolates can
have any combination of these two motifs involving recombination
between variants. Consistent with other studies [12,13,28] all non-
synonymous mutations under positive selection pressure in the
conserved C- terminus domain were clustered into two dimorphic
sites LSKLEE/MSELEK and KEATAAKL/TAANVVKL, suggesting these
conserved motifs are under functional and/or structural constraints
among global P. vivax populations. Considering these together, this
domain of the Pvmsp3a gene may be a candidate for a P. vivax vac-
cine target, particularly as this region is known to be immunogenic
and induce merozoite invasion-blocking antibodies. The distribu-
tion and nature of polymorphism suggest that there are functional
restrictions on mutations in this gene, and have implication for
inclusion of Pvmsp-3a as a candidate in a P. vivax vaccine [12].

Conclusion

In conclusion, reinfection with the same genotype rather than
persistence of an infection could be inferred in majority of samples
from the same patients who showed a consistent genotype and
RFLP pattern even at longer time intervals. Therefore, PvMSP-3
genotyping could be used as one of the molecular tools for dif-
ferentiating relapse from new infection. Moreover, the nucleotide
sequences of the PvMSP-3a gene showed SNPs exclusively in each
genotype (A, B and C) making them different from each other,
thereby increasing the diversity of PvMSP-3a gene even within
a limited geographical region. This extensive allelic diversity of
PvMSP-3« gene can be used as a molecular marker for distinguish-
ing field isolates. However, in order to design an effective MSP based
vaccine, the genetic diversity needs to be taken into consideration
as the immune response targeting one type of antigen may not be
effective against other forms of the antigens being expressed by
P.vivax strains, thereby evaluation of the extent of genetic diversity
is must before developing an effective vaccine.
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