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Background: Genetic diversity of Plasmodium falciparum represents a major issue in understanding the several aspects
of malaria infection and diseases. The merozoite surface protein (MSP)-1 gene of P, falciparum codes for a major asexual
blood-stage antigen, presently proposed as a major malarial vaccine candidate.

Objective: To determine the length of the DNA bands and genetic diversity of the MSP-1 gene of P, falciparum, which is
associated with malaria severity and host factors in population of the asymptomatic and symptomatic patients in Papua,
Indonesia.

Materials and Methods: A total of 152 isolates from the blood samples of the patients infected with P, falciparum were
analyzed by microscopic examination. DNA was extracted from MSP-1 gene and nested PCR amplification carried out.
The active case detection was conducted in Koya and Skow villages, whereas passive detection was obtained from
general hospitals.

Result: The main allele of the gene MSP-1, which related to the severity of malaria, the parasite density, and host factors
of the population with a single infection, was found to MAD20 that was higher in mild malarial cases. The family alleles
K1, MAD20, and RO33 of the MSP-1 gene of P, falciparum were found to be in large numbers in severe malaria and light
malaria of the symptomatic patients. In the asymptomatic patients, it was found that the alleles of MSP-1 (K1, MAD20, and
RO33) were more numerous when the parasite density was less than 10,000/uL of blood.

Conclusion: There was no significant correlation between the genetic diversity of the MSP-1 gene of P, falciparum with
malaria severity, parasite density, age group, and gender of asymptomatic patients, but there was a significant correlation
with the age groups and gender in the symptomatic patients. The K1, MAD20, and RO33 alleles showed a higher density
in asymptomatic patients, but K1 and RO33 alleles were higher at severe and mild malaria and MAD20 was higher at
mild malaria cases. Therefore, MSP-1 gene allele could be used as a genetic marker to determine the genetic diversity of
P, falciparum and as a candidate molecular vaccine.
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Malaria is one of the most prevalent parasitic diseases
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and a major public health problem in 107 countries in the
world. It is estimated that 3.2 billion of the world’s population
lived in areas at a risk of malarial transmission. The incidence
E of malaria worldwide is approximately 350-500 million clinical
cases each year, with 1-3 million deaths.™
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The study area was composed of two villages—Koya and
Skow, and the two general hospitals as reference hospitals in
Jayapura municipal. The two villages revealed a malaria out-
break from April to May 2007 and were provided assistance
that boosted malarial control. The villages presented a high
transmission of malarial infection because of the existence of
breeding places of mosquitoes. Plasmodium falciparum is the
most virulent of all the four parasites that cause malaria in
humans. These malarial parasites are genetically diverse at
all the endemic levels. The attached variability of P, falciparum
is, especially, common in merozoite surface protein (MSP),
which is being targeted for malaria vaccine.

The MSP-1 gene of P, falciparum is a potential malarial
vaccine candidate. Importantly, high levels of antibodies to
MSP-1 gene are reported to correlate with protection from
clinical malaria.>® P, falciparum causes the most severe form
of the disease and is responsible for the most malaria morbidity
and almost all malaria mortality. Despite enormous efforts for
malaria control and prevention, multiple factors such as insec-
ticide resistance in the mosquito vectors, the lack of effective
vaccines, and the emergence and rapid spread of drug
resistant strain are contributing to the global worsening of the
malaria situation.®

The protein of the MSP-1 gene is associated with the
protection of the parasite, especially the highly conserved
fragment of MSP-1 gene with an approximate molecular size
of 19 kDa of P falciparum, which plays an important role in
erythrocyte invasion by merozoite.[® The protein is a principal
target of human immune responses and is a promising can-
didate for a blood-stage subunit vaccine.®® The MSP-1 gene
has seven variable blocks that are separated either through
conserved or semi-conserved regions. The block 2, a region
near the N-terminal part of the antigen, appears to be under
the strongest diversifying selection within natural populations.
8 Until now, four different allelic types of block 2 have been
identified, namely: K1, MAD20, RO33, and MR alleles.['™

Genetic diversity is one of the prominent features of
P falciparum infection. Natural infection often contains a
mixture of several genotypes, and the human and mosquito
hosts are exposed to heterogeneous parasite populations.
P, falciparum population diversity is commonly assessed by
polymerase chain reaction (PCR)-based typing of the highly
polymorphic parasite surface protein (MSP-1).01!

We have investigated the research about the allele
dimorphic of erythrocyte binding antigen (Eba-175) gene of
P, falciparum and its association with clinical manifestations
and frequency distribution of P falciparum MSP-2 allele
and with clinical manifestations and demographic factors in
Jayapura municipal, Papua province. The Eba-175and MSP-2
genes are virulence genes of P falciparum, which could be
potentially changed to become candidates for vaccine similar
to MSP-1 gene.l'213]

The block 2 MSP-1 gene is, especially, polymorphic,
and the three families of alleles are as follows: K1, MAD20,
and ROS33 alleles.'M Several studies have reported the

presence of these three alleles in the MSP-1 gene,'s'"
but the frequency of these alleles in MSP-1 gene varied in
different geographical areas, even in neighboring villages.!"®
Thus, the study of genetic diversity in malaria parasite is
expected to provide a new concept for the spread of control
measures. Although information on the frequency of genes
consult, for example, resistance to a certain drug or a vaccine
in a given area, has evident relevance to the implementation
of control measures using such agents, a critical first step,
that is, to obtain information on the genetic polymorphism of
parasites in the human hosts and community, needs to be
investigated.['213.18]

MSP-1 and MSP-2 genes act as genetic markers to deter-
mine the genetic diversity of P. falciparum and multiplicity of
infection, to assess the level of malaria transmission, and to
investigate the relationship of these factors with the acquisi-
tion of natural immunity against malaria.l'®'

In addition, MSP-1 and MSP-2 genes could elicit immune
response in humans and have been identified as potential
candidates for blood-stage malarial vaccine.!'3 2021

Materials and Methods

Study Design

This cross-sectional, descriptive, and analytic study was
carried out to determine the frequency of genotypes of the
MSP-1 of P, falciparum with malaria severity, parasite density,
and host factors of the population of asymptomatic and symp-
tomatic patients in Jayapura municipal.

Study Sites and Population

The habitants of Jayapura municipal were mainly Papuan
and migrants from Java, Sulawesi, Maluku, and other parts
of Indonesia. A total of 152 blood samples were collected in
the following study sites: 41 samples from Koya village;
10 samples from Skow village; 41 samples from Jayapura
General Hospital, and 60 samples from Abepura General
Hospital. The age of the subjects ranged from 1 to 65 years.
For the asymptomatic subjects, the selected villages repre-
sented the coastal regions, rice fields, and inland environ-
mental settings of malaria. The climate was typically tropical
with drier season during April to September and wet season
during October to March.

The inclusion criteria were mild malaria cases in the
village residents who joined voluntarily. During the survey,
7-day morbidity history of the subjects including ear (tympanic)
temperature less than or equal to 39°C and parasite density
below or above 10,000/uL of blood of children and adult
subjects were taken. Malaria infectivity of the subjects were
determined by microscopic identification of the parasite
using Giemsa-stained blood smears. The inclusion criteria
for severe malaria cases who showed the clinical manifesta-
tions were determined through the history of illness. Totally,
101 subjects were identified with the symptoms of malaria
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(i.e., delirium, hyperpyrexia, and difficulty of breathing),
of which 44 subjects were classified as cases with severe
malaria withinclusion criteria such as body temperature
above 39°C (tympanic temperature) and parasitemia above
10,000/pL; the remaining 57 subjects were classfied as cases
with mild malaria. The population character (i.e., age and
gender) and clinical findings of each subject were also
registered. All the bloods samples were collected after an
informed consent, and the study was approved by the
Research Health Ethics Committee, Faculty of Medicine of
Hasanuddin University, Makassar, Indonesia.

DNA Extraction and PCR genotyping

Genomic DNA of P, falciparum from the asymptomatic and
symptomatic subjects were extracted on the filter paper by
using Chelex-100 methods.?? The PCR amplification using
both primary and nested PCRs were performed with all the
DNA samples. For the primary PCR, 2.5 pL of the extracted
DNA was added to 90 pL of the reaction mix [including
0.4 units of Taq polymerase (Gibson BRL Life Technology),
50 mM KCI 134 and 0.1% Triton X-100, 10 mM Tris HCL
(pH 9.0 at 25°C), 1.6 mM MgCI2, and 125 mM of each primer].
The PCR conditions were 5 min at 95°C; 40 s at 94°C, 40 s
at 58°C, and 1 min at 72°C; and 5 min at 72°C. The cycle
conditions for the nested PCR were the same as those for
the primary reaction with 25 cycles for the first PCR and
30 cycles for the second PCR. The PCR products were
subjected to electrophoresis using 2% agarose gels and stained
with ethidium bromide, and the DNA band was visualized by
UV transillumination. The sequences of the primer used in PCR
were worked in Eijkman Institute Molecular Biology, Jakarta,
which were described earlier in the study by Snounou et al.l"®

MSP-1 Block 2 Allele Typing

The positive samples of the MSP-1 gene of P, falciparum
from the asymptomatic and symptomatic subjects were ana-
lyzed for genetic diversity in the second PCR using primers of
the K1, MAD20, and RO33 alleles.

DNA Sequencing

The single PCR products obtained were purified using
Promega Kit and sequenced on ABI system 3730 using Big
Dye® Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystem). The single PCR products for K1, MAD20,
and ROB33 alleles were sequenced both forward and reverse,
and the results were compared with the published sequence
(accession number: AB827762, AB502795, and AB502750,
respectively).

Statistical Analysis

The association between the genetic diversity of the MSP-1
allele and malaria severity, parasitemia of density, age group,
and gender of the asymptomatic and symptomatic patients
were statistically analyzed by using Pearson’s y2-test.
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Result

A total of 157 patients were enrolled for the study through
the primary health centers (PHCs) in Skow and west and east
Koya villages, and 51 asymptomatic patients were positive
for the P. falciparum parasite. In the Jayapura and Abepura
General Hospitals, 415 symptomatic patients were likewise
enrolled in the study, and it was found that 101 patients were
found positive and carried P falciparum parasite. The clini-
cal manifestations of malaria were examined from the blood
smear by PCR amplification in patients who visited primary
health services (20.4%) of Skow village and west and east
Koya villages (76.6%) and Jayapura General Hospital (40.6%)
and Abepura General Hospital (59.4%) in Jayapura municipal,
Papua province.

Analysis of the P. falciparum MSP-1 allele
Amplification of P, falciparum MSP-1 allele by PCR

The MSP-1 gene of P, falciparum was amplified by nested
PCR from the blood samples of the asymptomatic and symp-
tomatic patients with P, falciparum malaria in Jayapura munic-
ipal, Papua province, Indonesia.

The electropherogram of the nested PCR products
showed that there were DNA bands with length variants of
approximately 151-295 bp for the K1 allele [Figure 1], 106—259
bp for the MAD20 allele, as expected [Figure 2], and 153 bp
for the RO33 allele [Figure 3].

On the basis of PCR products of the 51 asymptomatic
malaria cases, it was found that 20.5% patients carried K1
allele, 22.7% MAD20 allele, and 6.8% ROS33 allele. There
were also patients who carried double infections [K1 and
MAD20 alleles (20.6%), Kiand RO33 alleles (4.5%), and
MAD20 and ROG33 alleles (13.6%)] and triple infection
[K1, MAD20, and RO33 alleles (11.4%)].

On the basis of statistic Pearson’s y2-test, there was no
significant correlation between the genotypes of the MSP-1
gene of P. falciparum with asymptomatic malaria (P = 0.350;
o = 0.05) [Table 1].

Of the 101 symptomatic malaria cases, the genetic diver-
sity of the MSP-1 with a single infection was found as follows:
K1 allele, 12.8%; MAD20 allele, 21.3%; and RO33 allele,
6.4%. In double infections, the diversity were as follows:
K1 and MAD20 alleles, 18.1%; K1 and RO33 alleles, 12.8%;
and MAD20 and RO33 alleles, 9.6%. In triple infections,
19.1% carried all the three, K1, MAD20, and RO33, alleles.

On the basis of statistic Pearson’s x2-test, it was found
that there was no significant correlation between the genetic
diversityof the MSP-1 alleles and symptomatic malaria
(P=0.299; 95%Cl; o. = 0.05).

Malaria Severity and MISP-1 Allele

Regarding the association of the alleles with malarial
severity, it was found that K1 allele was higher in cases with
severe malaria (13.6%) and MAD20 allele was higher in cases
with mild malaria (34.4%) [Table 2].
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Figure 1: Electrophoregram of the K1 allele of MSP-1 gene: PCR
products of P, falciparum malaria from asymptomatic patients (ASY)
(Koya and Skow villages) and symptomatic patients from Abepura
General Hospital (AGH) were 295 bp, whereas that of symptomatic
patients from Jayapura General Hospital (JGH) was 151 bp. M,100-bp
ladder marker; PC, positive control; NC, negative control
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Figure 2: Electrophoregram of the MAD20 allele of MSP-1 gene:
PCR products of P falciparum malaria from asymptomatic patients
(ASY) (Koya and Skow villages) and symptomatic patients from
Abepura General Hospital (AGH) were 106 bp and 259 bp, respectively,
and that of symptomatic patients from Jayapura General Hospital
(JGH) was 106 bp. M,100-bp ladder marker; PC, positive control; NC,
negative control
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Figure 3: Electrophoregram of the RO33 allele of MSP-1 gene: PCR
products of P, falciparum from asymptomatic patients (ASY) (Koya
and Skow villages) and symptomatic patients from Abepura General
Hospital (AGH) and Jayapura General Hospital (JGH) were 153 bp.
M,100-bp ladder marker; PC, positive control; NC, negative control

From a total of 101 malaria symptomatic patients with the
clinical signs and symptoms, 43.6% patients showed severe
malaria and 56.4% of patients revealed mild malaria. The
patients also revealed palpable spleen (34.6%), difficulty in
breathing (2.97%), jaundice (29.7%), shock (0.99%), diarrhea
(0.99%), and delirium (9.9%). The tympanic (ear) temperature

measurement was found above 39°C in 43.6% subjects with
severe malaria and less than or equal to 39°C in 56.4%
patients with mild malaria.

On the basis of age group, the patients with severe
malaria were in the age groups 1-9 years (18.8%), 10—20
years (26.7%), and above 20 years (54.5%). On the basis of
gender, the female patients presented with severe malaria
(53.5%) higher than the male subjects (46.5%) [Table 3].

Patients with P falciparum parasite who exhibited signs
of delirium presented double infection with K1 and MAD20
alleles, and patients with diarrhea presented double infection
with MAD20 and ROGS3 alleles.

The genetic diversity of the MSP-1 gene of P, falciparum
in the asymptomatic patients with single infection of and
parasite density below 10,000/pL of blood was as follows:
77.8% patients carried K1 allele, 70.0% patients carried
MAD20 allele, and 100% patients carried RO33 allele, which
was higher than those found in patients with parasite density
above 10,000/pl of blood. The patients with parasite density
below 10,000/uL of blood carried mixed infections (double
and triple infections): K1 and MAD20 alleles, 80.0%; MAD20
and RO33 alleles, 83.3%; K1 and RO33 alleles, 100%; and
K1, MAD20, and RO33 alleles, 80.0% [Table 4].

In the symptomatic patients, based on malaria severity,
50% patients with severe and mild malaria carried K1 allele;
80.0% patients with mild malaria carried MAD20 allele [which
was more than that found in cases with severe malaria
(20.0%)]; and 50% patients with severe and mild malaria
carried RO33 allele.

On the basis of mixed infection (double infections), the
genetic diversity of the MSP-1 gene of P, falciparum showed
that 70.6% patients with severe malaria carried K1 and
MAD20 alleles, which was higher than those with mild malaria
(29.4%); 66.7% patients with severe malaria carried K1 and
RO833 alleles, which was higher than those with mild malaria
(83.3%); 77.8% patients with mild malaria carried MAD20
and ROS33 alleles, which was more than those with severe
malaria (33%).

On the basis of statistic Pearson’s y2test, it was found
that there was no significant correlation between the genetic
diversity of the MSP-1 allele of P, falciparum and the para-
site density of asymptomatic patients (P = 0.762; 95%Cl;
o = 0.05) [Table 5].

Pearson’s y2-test also showed that there was a significant
correlation between the genetic diversity of the MSP-1 of P
falciparum and the malarial severity of symptomatic patients
(P =0.037; 95%Cl; o. =0.05).

On the basis of age group of asymptomatic patients, of
the children aged 1-9 years, 40% patients carried MAD20
allele, which was slightly lower than those who carried
RO33 allele (66.7%) and higher than those who carried K1
allele (11.1%) . In the age group 1020 years, 44.4% patients
carried K1 allele, which was more than those with MAD20
allele (11.0%) and those with RO33 allele (0%), whereas
patients with mixed infection alleles (K1 and MAD20 alleles)
showed the samevalues.In the age group older than 20 years,

International Journal of Medical Science and Public Health | 2015 | Vol 4 | Issue 11



Sorontou and Pakpahan: Genetic diversity in MSP-1 gene of Plasmodium falciparum

Table 1: Genetic diversity of the MSP-1 gene of P, falciparum among asymptomatic patients (Koya and Skow villages) and symptomatic patients
(Jayapura and Abepura General Hospitals) in Jayapura municipal, Papua province

Symptomatology Genotypes of the MSP-1 of P. falciparum (%) Total,
K1 allele MAD20 RO33 allele Mix K1 and Mix K1 and Mix MAD20 Mix K1, n=138
allele MAD20 alleles RO33 alleles and RO33 MAD20, and
alleles RO33 alleles
Asymptomatic 9(20.5) 10 (22.7) 3(6.8) 9 (20.6) 2 (4.5) 6 (13.6) 5(11.4) 44
Negative PCR - - - - - - - 7
Total 51
Symptomatic 12(12.8) 20 (21.3) 6 (6.4) 17 (18.1) 12 (12.8) 9(9.6) 18 (19.1) 94
Negative PCR - - - - - - - 7
Total 101

Table 2: Profile of symptomatic patients based on symptoms and signs, malaria severity, and genotype with a single infection of the msp1 allele
of P, falciparum at Jayapura and Abepura General Hospitals in Jayapura municipal, Papua province

Symptoms and signs Number of patients  Percentage Single genotype of the msp1 allele of
with severe malaria P. falciparum
K1 MAD20 RO33

Fever, chills, and headache 5 1.4 5 5 1
High fever, chills, headache, nausea, and vomiting 35 79 5 12 3
Splenomegaly 35 34.6 1 3 2
Difficulty of breathing 3 2.97 1 0 0
Jaundice 30 29.7 5 5 2
Shock 1 0.99 0 0 0
Diarrhea 0 0.0 0 0 0
Delirium 10 9.9 0 2 2
Temperature (°Centigrade)

>39 44 43.6 5 5 3

<39 57 56.4 7 15 3
Parasitemia

>10,000 parasites/yL blood 44 43.6 6 4 3

<10,000 parasites/uL blood 57 56.4 3 16 3
Gender

Male subjects 47 46.5 6 10 1

Female subjects 54 53.5 6 10 5
Age (years)

0-9 19 18.8 2 4 1

10-20 27 26.7 2 6 1

>20 55 54.5 8 10 4

Table 3: Frequency of genotypes of the MSP-1 gene of P, falciparum according to parasite density of asymptomatic patients and malaria severity
of symptomatic patients

Genotyping of the MSP-1 Asymptomatic patients Symptomatic patients

gene of P. falciparum Parasite density Total, n = 54 Malaria severity Total,
>10,000, n=13 <10,00,0 n=41 Severe malaria, Mild malaria, n=101

n=44 n=>57

K1 allele (1) 2(22.2) 7(77.8) 9 6 (50.0) 6 (50.0) 12

MAD20 allele (2) 3(30.0) 7 (70.0) 10 4 (20.0) 16 (80.0) 20

RO33 allele (3) 0 3 (100) 3 3 (50.0) 3 (50.0) 6

Double (1 and 2) 4 (44.4) 5 (55.6) 9 12 (70.6) 5(29.4) 17

Double (1 and 3) 0 2 (100) 2 8 (66.7) 4(33.3) 12

Double (2 and 3) 1(16.7) 5(83.3) 6 2(22.2) 7(77.8) 9

Triple (1, 2, and 3) 1(20.0) 4 (80.0) 5 7(38.9) 11 (61.1) 18
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Table 4: Frequency of genotypes of the MSP-1 gene of P, falciparum based on age as host factor of population of the asymptomatic and symp-

tomatic patients in Jayapura municipal, Papua province

Genotypes Age of asymptomatic patients (years) Total, Age of symptomatic patients (years) Total,
1-9,n=14 10-20,n=15 >20,n=25 "=°% 19 pn=19 10-20,n=27 >20,n=55 =101
K1 allele (1) 1(11.1) 4 (44.4) 4 (44.4) 9 2 (16.7) 2 (16.7) 8 (66.7) 12
MAD20 allele (2) 4 (40.0) 1 (11.0) 5 (50.0) 10 4 (20.0) 6 (30.0) 10 (50.0) 20
RO33 allele (3) 2 (66.7) 0 1(33.3) 3 1(16.7) 1(16.7) 4 (66.7) 6
Double (1 and 2) 1(11.1) 2 (22.2) 6 (66.7) 9 5 (27.8) 4 (22.2) 11 (61.1) 18
Double (1 and 3) 0 0 2 (100) 2 0 4(33.3) 8 (66.7) 12
Double (2 and 3) 2(33.3) 2(33.3) 2(33.3) 6 3(33.3) 2 (22.2) 4 (44.4) 9
Triple (1, 2, and 3) 0 2 (40.0) 3 (60.0) 5 3(17.6) 5 (29.4) 7 (41.2) 17

Table 5: Frequency of genotypes of the MSP-1 gene of P, falciparum based on genders of host factors of population of the asymptomatic and

symptomatic patients in Jayapura municipal, Papua province

Genotypes Genders of asymptomatic patients P Genders of symptomatic patients P
(age in years) (age in years)
Male Female Total, n =54 Male Female Total, n=101
subjects, subjects, subjects, subjects,
n=37 n=17 n=47 n=54
K1 allele (1) 7 (77.8) 2 (22.2) 9 0.865 6 (50.0) 6 (50.0) 12 0.362
MAD20 allele (2) 7 (70.0) 3 (30.0) 10 10 (50.0) 10 (50.0) 20
RO33 allele (3) 1(33.3) 2 (66.4) 3 1(16.7) 5(83.3) 6
Double (1 and 2) 3 (60.0) 2 (40.0) 5 9 (50.0) 9 (50.0) 18
Double (1 and 3) 2(10.0) 0 2 4(33.3) 8 (66.7) 12
Double (2 and 3) 4 (66.7) 2(33.3) 6 7 (77.8) 2 (22.2) 9
Triple (1, 2, and 3) 6 (66.7) 3(33.3) 9 8 (47.1) 9 (52.0) 17

50.0% patients carried MAD20 allele, which was slightly high-
er than those with K1 allele (44.4%), whereas for double infec-
tions, 100% patients carried K1 and RO33 alleles, which was
higher than those with K1 and MAD20 alleles (66.7%) and
those with MAD20 and RO33 alleles (33.3%).

On the basis of statistic Pearson’s y2-test, it was found that
there was no significant correlation between the age group of
asymptomatic patients and the genetic diversity of the MSP-1
of P, falciparum (P = 0.350; o = 5%).

On the basis of age group of symptomatic patients,
4 (20%) children carried MAD20 allele, which was slightly
higher than the subjects who carried K1 and RO33 alleles
(16.7%). For the double infections, it was found that 5 (27.8)
subjects carried K1 and MAD20 alleles, which was higher than
those who carried K1 and RO33 alleles. In the age group of
1020 years, 30.0% patients carried MAD20 allele, which was
more than those with K1 and RO33 alleles (16.7%), whereas
patients with triple infections (K1, MAD20, and RO33 alleles),
were slightly more than those with double infections (K1 and
MADZ20 alleles and K1 and RO33 alleles). For those who were
older than 20 years, 50.0% patients carried MAD20 allele,
which was slightly lower than K1 allele (66.7%) and RO33
allele (66.7%), whereas in the double infections, 66.7%

patients carried K1 and MAD20 alleles, which was slightly
more than the triple infections of K1, MAD20, and RO33 alleles.

On the basis of statistic Pearson’s y2-test, it was found that
there was no significant correlation between the age group of
symptomatic patients and the genetic diversity of the MSP-1
of P, falciparum (P = 0.874, o. = 5%).

On the basis of gender, it was found that the genotypes of
the MSP-1 gene of P, falciparum with single infection was as
follows: 77.8% patients carried K1 and 70.0% patients car-
ried MAD20 alleles, and was found to be slightly high in the
asymptomatic male than that in female patients.However, the
patients who carried triple infections (K1, MAD20, and RO33
alleles) were more of male than female patients.

On the basis of statistic Pearson’s x2test, it was found
that there was no significant correlation between the genetic-
diversity of the MSP-1 allele and the gender of asymptomatic
patients (P = 0.865; o. = 5%).

On the basis of gender of the symptomatic patients, the
male and female subjects were found to be equal in number
for K1 and MAD20 alleles (50% each). Similar results were
also obtained for mixed infections in people who carried both
K1 and MAD20 alleles, i.e., 50.0% male subjects and 50.0%
female subjects.
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On the basis of statistic Pearson’s x2-test, it was found
that there was no significant correlation between the genetic
diversity of the MSP-1 allele and the gender of asymptomatic
patients (P = 0.362; o = 5%).

Discussion

This study provided the estimate of genetic diversity of the
MSP-1 (block 2) of P, falciparum infections in Jayapura munic-
ipal region. Malaria transmission in this region is stillendemic
and seasonal, with mainly asymptomatic infections seen in
children to adults at the PHCs and Jayapura and Abepura
General Hospitals in Jayapura municipal.

Molecular epidemiological studies can be used to study
the genetic diversity of infection in relation to various fac-
tors such as transmission intensity, diseases phenotype,
and host immunity.?® Such cross-sectional studies are con-
ducted mainly with asymptomatic and symptomatic patients
and not done in the highly endemic regions with the disease
outbreak.

On the basis of PCR, it was found that MSP-1 gene (block
2) of Plasmodium falciparum in populations of asymptomatic
and symptomatic patients in Jayapura municipal showed a
highly complex genetic diversity, almost similar to that found in
Myanmar.®! The PCR fragment size of the K1 allele of MSP-1
gene was found to be 151-295 bp, MAD20 allele 106—259
bp, and RO33 allele 153 bp. They were identified as shown
in Figures 1-3, respectively. The DNA length of PCR products
of K1, MAD20, and RO33 alleles were found to be different in
asymptomatic and symptomatic patients in Papua.

The result obtained from unicipal Jayapura was not con-
current with that reported from Myanmar.t® This study showed
that genetic heterogeneity within the parasite population may
influence the ultimate clinical signs and symptoms of malaria
disease.

We further investigated the allele’s diversity of MSP-1
gene of P, falciparum, and the sequence analysis of MSP-1
was performed. The sequence analysis of MSP-1 block 2
showed a total of 48 alleles of MSP-1 gene: 16 samples
of each K1, MAD20, and RO33 alleles were identified. Allele
diversity of MSP-1 gene in block 2 of P, falciparum Papua
isolates was owing to the different numbers of unique tripeptides
repeats, which is similar to the reported studies [Figure 4].

The recombination rate could be assumed through exam-
ining linkage disequilibrium between the diversity loci in MSP-1
at the blood stage in the natural populations. In an area of
high-transmission intensity, linkage disequilibrium was seen
in immune populations.4

For the asymptomatic patients, the frequency of types
of the MSP-1 allele of P, falciparum was found as follows: in
patients with single infection, MAD20 allele was more domi-
nant than K1 and RO33 alleles from Koya and Skow villages.
The patients with double infections revealed that combination
of K1 and MAD20 alleles was more than the combinations of
MAD20 and RO383 alleles and K1 and ROS3 alleles. Certain
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regions of the sample did not contain theses alleles as they
coded MSP-2 alleles (block 3).[2%

The sample of asymptomatic patients carried K1, MAD20,
and RO33 alleles. In the asymptomatic patients with severe
malaria, the cases occurred because, although patients have
been cured, recurrence was seen as the patients blood still
contained P, falciparum parasite of above 10,000 parasite/uL
of blood in PHCs of Koya and Skow villages. According to
Tanabe and coworkers,?% the mean number of MSP-1 alleles
per infected person reflects the intensity of malaria transmis-
sion. In high-transmission areas, the mean number would be
higher than in low-transmission areas, because inoculations
of new MSP-1 allele type result through repeated mosquito
biting.

In the symptomatic patients, it was found that the patients
with single infection with MAD20 allele, more dominant than
K1 and RO33 alleles, were found at Jayapura and Abepura
General Hospitals in Jayapura municipal, Papua province.
The malarial cases were almost similar to those reported
from Myanmar® and consistent with the same situations that
prevail in Thailand, Iran, Pakistan, and Colombia.l'"152425] |n
the patients with mixed infections, K1 and MAD20 alleles
were higher than MAD20 and RO33 alleles,and K1 and RO33
alleles, whereas in the symptomatic patients,triple infection
was found slightly higher.

Difference in the prevalence of MSP-1 gene could be
influenced by different geographic areas, longitudinal changes
in frequency distribution of MSP-1 gene in determining the
immune response, and frequency of heterozygosis in
oocytes, in which meiotic recombination of MSP-1 gene is in
a large number of field samples than that in hospital samples
in Jayapura municipal.?®

On the basis of parasitemia of density above 10,000/uL
of blood, it was found that RO33 allele of the MSP-1 gene
(block 2) of P falciparum was not present in asymptomatic
patients. However, RO33 allele was found in symptomatic
patients with the number of parasite density above 10,000/uL
of blood or less than 10,000/pL of blood.

The study showed that there was no significant correlation
between the genetic diversity of the MSP-1gene of P.falciparum
and the malaria severity, parasite density, and age groups
and genders of asymptomatic patients, besides malaria
severity and parasite density of symptomatic patients; but
there is no significant correlation with age groups and gender
in Jayapura municipal, Papua. The difference in the number
and frequency of genotypes of the MSP-1 allele at different
age groups with or without clinical signs and symptoms of
malaria may suggest the presence of such immune responses.

The ratio between asymptomatic (immune) and sympto-
matic (nonimmune) patients would be of particular interest.
This study was similar to that reported by Tanabe et al. from
Osaka, Japan.?¥

The MSP-1 alleles that were more dominant was MAD20
allele for single infection and K1 and MAD20 alleles for mixed
infection. The RO33 allele was found in symptomatic patients.
In the symptomatic population of the Jayapura municipal,
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K1 types Total (N = 16)
Alele1 HEE T T T T T T R 5

Alele2 B T T T T T T T 1T T 1SS 8

Alele3 Wl T T T T T T T T T 1T T NS 2

Alele4 T T T TS 1

MAD20 type Total (N = 16)
Allele 1 [ [ 2

Allele 2 [ = 1

Allele 3 [ [ 1

Allele 4 | V=Vl I I I 1

Allele 5 [ Vi I 6

Allele 6 [ e 2

Allele 7 [ AN 3

RO33 type Total (N = 16)
Allele1 [ = 16

B K1 B vAD20 [ RO33 [ ]SGT

Figure 4: Scheme of the MSP-1 gene block 2 of P, falciparum isolates from Jayapura municipal, Papua. A total of 16 different alleles with
parasitemia of density above 10,000/uL of blood was identified by sequence analysis of the msp1 allele in block 2. K1 allele type showed differ-
ence in the number and arrangement based on amino acid as follows: SAQ, SGT, SGA, and SGP. MAD20 allele type showed difference in the
number and arrangement based on amino acid as follows: SGG, SVT, SKG, and SVA. RO33 allele showed only SGT and SVT. Depending on
the position type, the results were as follows: K1 allele, SGG and SAQ;, MAD20 allele, SGP and SVA; RO allele, SGA and SVT.

severe malaria was found in patients with single infection
with K1 and MAD20 alleles, and in symptomatic patients
with mixed infection, K1 and MAD20 alleles combination was
higher than the combinations of K1 and RO33 alleles and K1,
MAD20, and RO33 alleles. This study was similar to those in
the other places, but in Senegal study, it was found that RO33
allele type showed a higher incidence of severe malaria.?
However, MSP-1 gene could be used as candidate molecular
vaccine in Jayapura municipal, Papua province.

Clinical manifestations of malaria are influenced by var-
ious factors in human host, parasite, and environment. In
humans, age, immunity, pregnancy, and genetic factors have
been shown to determine the malaria clinical outcome; in the
malaria parasite, drug resistance, multiplication rate, invasion
pathways, cytoadherence and resetting, antigenic variation

and polymorphism, and malaria toxin are among the other
factors that have been identified.[®

The genetic structure of P falciparum plays a highly
important role in the natural acquisition of immunity in
malaria infection.?”-28! The knowledge of the genetic structure
of P, falciparum is necessary to develop to control the disease,
including the design of effective vaccines against P. falciparum
parasite. The study showed that genetic polymorphism of
MSP-1 of 152 bp of P, falciparum isolate collected in Jayapura
municipal, where malaria is endemic to being of meso- to
holo-endemic status in the northeastern coast and highland
parts of the province.?31

In hyperendemic areas such as Jayapura municipal, the
patients tend to get affected with more infection with alleles
single parasite infection, which favors genetic recombination
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and generates a higher genetic diversity, which is similar to
that reported from Colombian village.®? In addition to trans-
mission intensity, other factors such as selective sweeps,
resulting of vaccines, and antimalaria drugs can greatly
influence genetic diversity as a similarity which was found in
China—Myanmar.!

Conclusion

The study showed that the length of DNA bands found was
different with another country, and there was no significant
correlation between genetic diversity of the MSP-1 gene of
P falciparum and its malaria severity, parasite density, and
age group and gender of asymptomatic and symptomatic
patients. There was a significant correlation with the age
group and gender of symptomatic patients. Allele genetic of
the MSP-1 gene had found that more dominant was MAD20
allele for single infection of mild malaria, whereas mixed
infection of K1 and RO33 alleles were the same or higher of
severe and mild malaria of symptomatic patients. The malaria
severity increased as K1 allele increased than MAD20
allele of severe malaria and mild malaria. The parasite density,
age group, and gender found MAD20 allele to be higher for
single infection, and K1 and MAD20 alleles combination was
higher in the asymptomatic and symptomatic patients. The
asymptomatic patients who carried K1, MAD20, and RO33
alleles showed a higher parasite density below 10,000/pL
of blood. The RO33 allele of MSP-1 block 2 was found in
symptomatic patients with parasite density above 10,000/uL
of blood. However, MSP-1 gene could be used as a genetic
marker to determine the genetic diversity of P, falciparum as
candidate molecular vaccine in Jayapura municipal, Papua
province, Indonesia.

Acknowledgment

We gratefully thank the Director of Polytechnic of Health,
Jayapura, staffs in Jayapura and Abepura General Hospi-
tals, and staffs in Primary Health Center in Skow, Jayapura
Municipal, Papua Province, Indonesia. We are grateful to
Dr. Din Syafruddin, PhD, and Puji, BSA, BSc, PhD, for helping us
to obtain approval ethical clearance by Faculty of Medicine in the
University of Hasanuddin Makassar and opportunity for doing
research in the Eijkman Institute for Molecular Biology. Special
gratitude is extended to Prof. Amin Soebandrio, the Director of
the Eijkman Institute for Molecular Biology, for his encourage-
ment and support and assistance from the Malaria Laboratory,
Eijkman Institute for Molecular Biology, Jakarta, Indonesia.

References

1. World Health Organization. World Malaria Report. Geneva,
Switzerland: RBM-WHO-UNICEF, 2005.

2. Egan AF, Chappel JA, Burghaus PA, Morris JS, McBride JS,
Holder AA, et al. Serum antibodies from malaria-exposed people
recognize conserved epitopes formed by the two epidermal grow

E International Journal of Medical Science and Public Health | 2015 | Vol 4 | Issue 11

10.

1.

12.

13.

14.

15.

16.

17.

factors motifs of MSP1(19), the carboxy-terminal fragment of
the major merozoite surface protein of Plasmodium falciparum.
Infect Immun 1995;63(2):456—66.

Egan AF, Morris J, Barnish G, Allen S, Greenwood BM, Kaslow
DC, et al. Clinical immunity to Plasmodium falciparum malaria is
associated with serum antibodies to the 19-kDa C-terminal frag-
ment of the merozoite surface antigen, PIMSP-1. J Infect Dis
1996;173(3):765-9.

Riley EM, Allen SJ, Wheeler JG, Blackman MJ, Bennett S,
Takacs B, et al. Naturally acquired cellular and humoral immune
responses to the major merozoite surface antigen (PfMSP1) of
Plasmodium falciparum are associated with reduced malaria
morbidity. Parasite Immunol 1992;14(3):321-37.

Shi YP, Sayed U, Qari SH, Roberts JM, Udhayakumar V,
Oloo AJ, et al. Natural immune response to the C-terminal
19-kilodalton domain of Plasmodium falciparum merozoite
surface protein-1. Infect Immun 1996;64(7):2716-23.

Kang JM, Moon SU, Kim JY, Cho SH, Lin K, Sohn WM, et al.
Genetic polymorhism of merozoite surface protein-1 and mero-
zoite surface protein-2 in Plasmodium falciparum field isolates
from Myanmar. Malar J 2010;9:131.

Cavanagh DR, Elhassan IM, Roper C, Robinson VJ, Giha H,
Holder AA, et al. A longitudinal study of type-specific anti-
body responses to Plasmodium falciparum merozoite surface
protein-1 in an area of unstable malaria in Sudan. J Immunol
1998;161(1):347-59.

Holder AA, Blackman MJ. What is the function of MSP-1 on the
malaria merozoite? Parasitol Today 1994;10(5):182—4.

Conway DJ, Cavanagh DR, Tanabe K, Roper C, Mikes ZS,
Sakihama N, et al. A principle target of human immunity to malaria
identified by molecular population genetic and immunological
analyses. Nat Med 2000;6(6):689—92.

Tanabe K, Mackay M, Goman M, Scaife JG. Allelic dimorphism
in a surface antigen gene of the malaria parasite Plasmodium
falciparum. J Mol Biol 1987;195(2):273-87.

Zakeri S, Bereczky S, Naimi P, Pedro GJ, Djadid ND, Farnert A,
et al. Multiple genotypes of the merozoite surface proteins 1 and
2 in Plasmodium falciparum infections in a hypoendemic area in
Iran. Trop Med Int Health 2005;10(10):1060—-4.

Sorontou Y, Pakpahan A. Allele dimorphic of Eba-175 gene of
Plasmodium falciparum and associated with clinical manifesta-
tion in Jayapura district, Papua, Indonesia. Asian Trans Basic
Appl Sci 2012;2(1):1-10.

Sorontou Y, Pakpahan A. Frequency distribution of Plasmodium
falciparum MSP-2 allele and association with clinical manifes-
tations and demographic factors in Jayapura municipal, Papua
province. Int J Parasitol Res 2015;7:1143-51.

Contamin H, Fandeur T, Rogier C, Bonnefoy S, Konate L,
Trape JF, et al. Different genetic charateristics of Plasmodium
falciparum isolates collected during successive clinical malaria
episodes in Senegalese children. Am J Trop Med Hyg 1996;
54(6):632—43.

Snounou G, Zhu X, Siripoon N, Jarra W, Thaithong S, Brown
KN, et al. Biased distribution of msp1 and msp2 allelic variants
in Plasmodium falciparum populations in Thailand. Trans R Soc
Trop Med Hyg 1999;93(4):369-74.

Farnert A, Arez AP, Babiker HA, Beck HP, Benito A, Bjorkman A,
et al. Genotyping of Plasmodium falciparum infections by PCR:
A comparative multicentre study. Trans R SocTrop Med Hyg
2001;95(2):225-32.

Jiang G, Daubenberger C, Huber W, Matile H, Tanner M,
Pluschke G. Sequence diversity of the merozoite surface



18.

19.

20.

21.

22.

23.

24,

25.

26.

Sorontou and Pakpahan: Genetic diversity in MSP-1 gene of Plasmodium falciparum

protein-1 of Plasmodium falciparum in clinical isolates from the
Kilombero district, Tanzania. Acta Trop 2000;74(1):51-61.
Konate L, Zwetyenga J, Rogier C, Bischoff E, Fontenille D, Tall
A, et al. Variation of Plasmodium falciparum msp1 block 2 and
msp2 allele prevalence and of infection complexity in two neigh-
bouring Senegalese villages with different transmission condi-
tions. Trans R Soc Trop Med Hyg 1999;93(Suppl 1):S21-8.
Kiwanuka GN. Genetic diversity in Plasmodium falciparum mero-
zoite surface protein 1 and 2 coding genes and its implications in
malaria epidemiology: A review of published studies from 1997-
2007. J Vector Borne Dis 2009;46(1):1-12.

Da Silveira LA, Dorta ML, Kimura EA, Katzin AM, Kawamoto F,
Tanabe K, et al. Allelic diversity and antibody recognition of
Plasmodium falciparum merozoite surface protein-1 during
hypoendemic malaria transmission in the Brazilian Amazon
region. Infect Immun 1999;67(11):5906—16.

Apio B, Nalunkuma A, Okello D, Riley E, Egwang TG. Human
IgG subclass antibodies to the 19 kilodalton carboxy terminal
fragment of Plasmodium falciparum merozoite surface protein
1 [MSP1(19)] and predominance of the MAD20 allelic type of
MSP-1 in Uganda. East Afr Med J 2000;77(4):189-93.

Wooden J, Kyes S, Sibley CH. PCR and strain indentification in
Plasmodium falciparum. Parasitol Today 1993;9(8):303-5.
Tanabe K, Sakihama N, Kaneko O, Saito-ito A, Kimura M. APCR
method for molecular epidemiology of Plasmodium falciparum
MSP-1. Tokai J Exp Clin Med 1998;23(6):375-81.

Robert F, Ntoumi F, Angel G, Candito D, Rogior C, Fandeur T,
et al. Extensive genetic diversity of Plasmodium falciparum
isolates collected from patients with severe malaria in Dakar,
Senegal. Trans R Soc Trop Med Hyg 1996;90:704—-11.

Ghanchi NK, Martensson A, Ursing J, Jafri S, Bereczky S,
Hussain R, et al. Genetic diversity among Plasmodium falci-
parum field isolates in Pakistan measured with PCR genotyping
of the merozoite surface protein 1 and 2. Malar J 2010;9:1.

de Roode JC, Pansini R, Cheesman SJ, Helinski ME,
Huijben S, Wargo AR, et al. Virulence and competitive ability in

27.

28.

29.

30.

31.

32.

33.

genetically diverse malaria infections. Proc Natl Acad Sci U S A
2005;102(21):7624-8.

Healer J, Murphy V, Hodder AN, Masciantonio R, Gemmill AW,
Anders RF, et al. Allelic polymorphism is apical membrane anti-
gen-1 are responsible for evasion of antibody-mediated inhibition
in Plasmodium falciparum. Mol Microbiol 2004;52(1):159-68.
Day KP, Marsh K. Naturally acquired immunity to Plasmodium
falciparum. Immunol Today 1991;12(3):A68-71.

Miller LH, Baruch DI, March K, Doumbo OK. The pathogenic
basis of malaria. Nature 2002;415:673-9.

Nagesha HS, Syafruddin D, Casey GJ, Susanti AL, Fryhauff DJ,
Reeder JC, et al. Mutations in the pfmdr-1, dhfr and dhps genes
of Plasmodium falciparum are associated with in vitro drug
resistance in Irian Jaya, Indonesia. Trans R Soc Trop Med Hyg
2001;95:43-9.

Sorontou Y, Asih P, Wanandi SI, Ramelan W, Syafruddin D.
Malaria in Jayapura district, Papua province, Indonesia and
resistance to sulfadoxine-pyrimethamine. Med J Indonesia
2007;16:32-8.

Gomez D, Chaparro J, Rubiano C. Rojas MO, Wasserman M.
Genetic diversity of Plasmodium falciparumfield samples from an
isolated Colombian village. Am J Trop Med Hyg 2002;67(6):611—6.
Yuan L, Zhao H, Wu L, Li X, Parker D, Xu S, et al. Plasmodium
falciparum populations from northeastern Myanmar display high
levels of genetic diversity at multiple antigenic loci. Acta Trop
2014;125(1):53-9.

How to cite this article: Sorontou Y, Pakpahan A. Genetic
diversity in MSP-1 gene of Plasmodium falciparum and its
association with malaria severity, parasite density, and host
factors of asymptomatic and symptomatic patients in Papua,
Indonesia. Int J Med Sci Public Health 2015;4:1584-1593

Source of Support: Nil, Conflict of Interest: None declared.

International Journal of Medical Science and Public Health | 2015 | Vol 4 | Issue 11 m



