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ARTICLE INFO ABSTRACT

Keywords: North Central Nigeria is one region in Nigeria with a significant incidence of malaria caused majorly by Plas-
Malaria modium falciparum. This study utilizes the mspl and msp2 genes of P. falciparum to examine its diversity and
Plasmodium falciparum

multiplicity of infection (MOI). Blood samples were collected from 247 children across selected healthcare fa-
cilities in Minna, from infants and children aged 6 months to 17 years. Of the total collection, 143 (58%) of the
children were infected with P. falciparum with parasite density > 1000 pl, and from which fifty (50) samples was
randomly selected and presented for PCR for the characterization of mspl and msp2 gene using nested-PCR
method. Overall, 57 mspl genotypes, including K1, MAD20 and RO33 were identified, ranging from (250-
1000 bp), (100-500 bp) and (400-500 bp), respectively. In addition, 54 different msp2 genotypes of FC27 and
3D7 alleles ranging from (100-900 bp) and (100-800 bp), respectively were selected. A monoclonal infection of
39% and a polyclonal infection of 61% was recorded, however, a particularity about this study is the polyclonal
nature of RO33. Determination of gene diversity revealed MAD20 as the predominant allele for msp1 with a mean
MOI of 1.35 and FC27 for msp2 with 1.72 MOI. The overall MOI recorded for the study was 1.60. There was,
however, no statistical significance difference between MOI and age of the child (P > 0.05). Meanwhile, findings
from this study revealed P. falciparum populations were not genetically diverse with Heterozygosity (He) index of
0.0636. However, a significant level gene diversity within the antigenic markers of msp1 and msp2 was observed
with He index of 0.714 and 0.830, respectively. This study has demonstrated the potential of gene diversity and
MOI of P. falciparum, as important markers for assessing differences in malaria transmission intensity. Contin-
uous malaria genetic surveillance is therefore recommended as a fundamental tool for monitoring changes in
gene types and for intervention programs’ effectiveness.

Polymerase chain reaction (PCR)
Merozoite surface protein (msp)
Monoclonal

Polyclonal

1. Introduction

Malaria is a major global public health concern, especially in regions
where transmission occurs repeatedly. In sub-Saharan Africa, malaria
remains one of the contributing causes of morbidity and mortality, with
about 24 million children estimated to be infected with P. falciparum in
2018. Sub-Saharan Africa and India carried almost 85% of global ma-
laria burden, of which Nigeria alone accounts for 25% of the cases
(WHO, World Health Organization, 2019).

P. falciparum parasite has the ability to undergo antigenic switching
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to evade a developing antibody response; and thus, within the mosquito
gut, recombination of these distinct parasite clones occurs during zygote
formation (Abukari et al, 2019), resulting in gene diversity of
P. falciparum. Because of this diversity, the conformation of antimalarial
drug targets is altered and then renders the parasites drug resistant
(Abukari et al., 2019; Blasco et al., 2017) which hinders the outcome of
malaria treatment (Felger et al., 1999; Raj et al., 2004). Yet, the
development of an effective vaccine is being hampered by genetic di-
versity (Healer et al., 2004) even though extensive research on the di-
versity in the parasite field isolates has been conducted in several studies
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Fig. 1. Locational Map of Minna showing the location of selected Healthcare facilities (Source: Extract from Minna Metric Sheet (2015) as produced by Niger State

Geographical Information System (NIGIS)).
Healthcare facilities

(Babiker et al., 2000; Zakeri et al., 2005). Genetic diversity and multi-
plicity of P. falciparum infections are essential parasite indices that could
determine the impact of malaria intervention programs as well as
endemicity of parasite infections in varying transmission settings (Barry
et al., 2013; Nabet et al., 2016; Razak et al., 2016).

Plasmodium parasites, expresses many variant antigens on the cell
surfaces. These variants play an important role in virulence and also host
immune evasion (Frech and Chen, 2013; Noelle et al., 2010). Severe
cases of malaria can occur when parasite infests and then multiplies
rapidly within red blood cell. The parasite produces many variant
antigenic proteins, encoded by multigene families, which are present on
the surface of the infected erythrocyte and play important roles in
virulence (Chen et al., 2000). A major surface protein is the merozoite
surface protein 1 and 2 (msp 1 and 2).

Merozoite surface protein 1 and 2 of P. falciparum are major blood-
stage malaria vaccine targets (Chaitarra et al., 1999) and are also suit-
able markers for the identification of genetically distinct P. falciparum
parasite sub-populations. Msp1 is a major P. falciparum surface protein of
approximately 190-kDa size. It plays an important role in the invasion of
the red blood cell (Holder et al., 1992) and is a major target of immune
responses (Apio et al., 2000). Msp1l contains 17 blocks of sequence
flanked by conserved regions (Takala et al., 2002) Block 2, which is the
most polymorphic part of mspl, is grouped into three allelic families,

namely K1, MAD20, and RO33 type (Takala et al., 2006). Msp2 is
glycoprotein consisting of five blocks where the third block is the most
polymorphic (Ferreira and Hart, 2007), and is grouped into two allelic
families, FC27 and 3D7/IC1. This study tries to look at the association
between gene diversity of merozoite surface protein 1 and 2 (msp1 and
msp2) and the transmission intensity of P. falciparum infected children in
Minna, North Central Nigeria. Therefore, findings from this study will
serve as baseline data for future studies on parasite population structure
and antimalarial drug resistance surveillance in the region.

2. Materials and methods
2.1. Ethical approval

Ethical approval for the study was obtained from the Niger State
Ministry of Health after a research protocol and an application letter was
tendered. Following administrative clearance from the ministry, clear-
ance was also obtained from the Director, Primary Healthcare, Chan-
chaga Local Government. Informed consent was obtained from the
parents or guardians of children captured in this study.
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Table 1
Demographic and clinical features of study participants.
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No. positive to P. falciparum (%)

P-D > 1000/ul (%) No. selected for PCR (%)

Age Total no. of participants (%)

6 mnths-5 yrs 129 (52.20) 98 (49.20)
6 yrs-11 yrs 76 (30.80) 63 (31.70)
12 yrs-17 yrs 42 (17.00) 38 (19.10)
Total 247 199

61 (42.70) 22/61 (36.10)
52 (36.40) 19/52 (36.53)
30 (21.00) 9/30 (30.00)
143 50

P-D- Parasite density.

2.2. Sample collection

A total of 247 blood samples were collected from infants and children
aged 6 months to 17 years with signs of fever attending outpatients
Department of selected healthcare facilities (see Fig. 1) during a cross-
sectional survey in the months of March to May 2018. Blood samples
were screened for malaria by microscopic examination using Giemsa
staining technique, of which fifty (50) P. falciparum positive samples
with parasite density > 1000 pl were randomly selected for molecular
characterization.

2.3. Extraction of parasite DNA and molecular identification

P. falciparum DNA was extracted from 100ul blood samples by the
use of DNA extraction kit(ExiPrepTMDx Viral DNA/RNA kit version 3.0)
following the manufacturer’s instructions. Two polymorphic loci, msp1
and msp2, were used for the genotyping of the parasite population in this
study. The regions of mspl and msp2, which vary in repeat number and
in adjacent sequence type, with three (MAD20, K1, RO33) and two
(FC27, 3D7) allelic families, were analyzed by a nested PCR amplifica-
tion. For the primary amplifications, outer primer pairs corresponding to
the flanking sequence of the conserved regions of mspl and msp2 were
used. The second amplification reactions was based on the primary
products using allelic-specific primers sets corresponding to K1, RO33
and MAD20 families of mspl and FC27, 3D7 families of msp2 as
described elsewhere (Soulama et al., 2009).

The first round of PCR reaction (primary PCR) was done with a
mixture of forward and reverse reaction for both mspI and msp2 with the
following cycling conditions: initial denaturation for 5 min at 95 °C,
then followed by 30 cycles of denaturing at 94 °C for 1 min, annealing at
61 °C for 45 s, and extension cycle of 72 °C for 1.5 min, and a final
extension at 72 °C for 5 min (Ridzuan et al., 2016).

The cycling conditions for nested PCR (second round) of mspl and
msp2 started with a single step of denaturation at 95 °C for 5 min fol-
lowed by 30 cycles of denaturation at 94 °C for 1 min, annealing tem-
perature at 57 °C for 45 s for msp2 allelic families (FC27 and 3D7); while
62 °C and 58 °C annealing for 45 s for (K1, MAD20) and RO33 of msp1
allelic families, respectively. This was then followed by an extension at
72 °C for 1.5 min, and a final extension at 72 °C for 5 min (Ridzuan et al.,
2016). Positive controls and negative controls were incorporated in each
set of reaction. The parasite DNA from the P. falciparum isolates was
analyzed for mspl and msp2 genes.

PCR amplification was performed on a thermal cycler in 100 ml 1x

Table 2
Number of P. falciparum Alleles and Base Pair Ranges Observed per Allelic
Family in msp1 and msp2.

Gene/ No. of Bands PCR band size (bp) Number of observed
Allele (%) range bands
mspl
KI 21(46.00) 250-1000 3
MAD20 31 (67.00) 100-500 4
RO33 5(11.00) 400-500 2
msp2
3D7 11(24.00) 100-800 4
FC27 43(93.00) 100-900 8
Total 111 (100)

TAE (Tris Acetate) buffer and the PCR product was visualized in 2%
agarose powder (Nsobya et al., 2004; Abdel Hamid et al., 2013) by ul-
traviolet trans-illumination after staining with ethidium bromide. The
number and size of the resulting amplified products were analyzed using
Gene tool programme (Abdel Hamid et al., 2013). Alleles were consid-
ered the same if fragment sizes were within 10 bp (Gosi et al., 2013) to
50 bp (Mwingira et al., 2011) intervals for msp1 and msp2.

2.4. Allele distribution and multiplicity of infection

The number of genotypes per infection, or the multiplicity of the
infection (MOI) was estimated by dividing the total number of fragments
detected in the individual system by the number of samples positive in
the particular system (either mspI or msp2). It is also defined as an es-
timate of the average number of PCR fragments per infected individual
(Zwetyenga et al., 1998).

2.5. Data analysis

Data was analyzed using SPSS version 23.0 statistical software pro-
grams. The correlation between multiplicity of infection (MOI) and age
was analyzed by using Spearman’s correlation. For this study, frequency
of polyclonal infection was calculated using the number of samples with
over one amplified fragment out of the total samples. The genetic di-
versity in each population was assessed by calculating the mean ex-
pected heterozygosity (He) across loci in each population. Briefly, the
allelic diversity (He) or antigenic markers was calculated based on the
allele frequencies, using the formula He=n-)_ (1 - p) 2 =+ (n-1), wheren
is the number of isolates analyzed and p represents the frequency of each
different allele at a locus. He has a potential range from 0 (no allele
diversity) to 1 (all sampled alleles are different) (Abd Razak et al., 2016).
The P value less than 0.05 was considered statistically significant.

3. Results
3.1. Demographic and clinical features of study participants

From the total of 247 blood samples collected during the period of
this study, 199/247 (80.56%) were positive for P. falciparum from which
56/199 (28.14%) had parasite density < 1000/pl, while 143/199
(71.86%) recorded parasite density > 1000/pl and from which fifty (50)
samples was selected within the various cohorts for the molecular
characterization, viz.: 22/61 (36.10%), 19/52 (36.53%) and 9/30
(30.00%) for ages 6 months-5 years, 6 years-11 years and 12 years-17
years, respectively (Table 1).

3.2. Allele diversity of P. falciparum mspl and msp2 among children in
Minna

From the total of 50 P. falciparum positive samples presented for PCR,
46 (92.00%) tested positive for at least one allele, which were typed for
mspl or msp2 genes, and the remaining 4 (8.00%) tested negative after
exposure to PCR. Alleles of msp1 and msp2 were classified according to
the size of their PCR amplified fragments. A total of 111 alleles were
detected for msp1 and msp2 gene by analysis of PCR products on agarose
gels, of which 57/111 (51.35%) and 54/111 (48.64%) of them were
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Table 3
Monoclonal and polyclonal infections of Alleles of msp1 from children in Minna.
Infections KI (%) Band size (bp) MAD20 (%) Band size (bp) RO33 (%) Band size (bp) Total (%)
Monoclonal infections 6 (50.00) 300/1000 8 (35.00) 100/300/400 0 (0.00) 14 (38.00)
Polyclonal infections 6 (50.00) 250-1000 15 (65.00) 100-500 2 (100.00) 400-500 23 (62.00)
Total 12 (32.43) 23 (62.16) 2 (5.40) 37 (100)
successfully examined for the presence of mspl (MAD20, K1, RO33) and
;able ;‘ | and Polvelonal Infecti ¢ Alleles of msp2 from Children in Mi msp2 (3D7, FC27), respectively. MAD20 was the predominant allele
onoclonaland Polycional Intfections of Alleles of msp2 from Children in Minna. observed in mspl with 31/46 isolates (67.00%) and yielded four (4)
Infections 3D7 Band size FC27 Band size  Total fragments (within a range of 100-500 bp). Amplification of the allelic
0, 0 0,
©0) (bp) ©0) (bp) ©0) family K1 was detected for 21/46 isolates (46.00%) and yielded three
Monoclonal 3 100/400/ 10 100/600/ 13 (3) fragments (within a range of 250-1000 bp). The lowest allele fre-
infections (43.00)  450/800 (40.00) 900 (41.00) quency observed for mspl gene was RO33 with only 5/46 isolates
Polyclonal 4 100-800 15 100-900 19 o . s
infections (57.00) (60.00) (59.00) (11.00%) and yielded two (2) fragments (within a range of 400-5.00 bp).
Total 7 25 32 (100) Msp2 gene recorded FC27 as the predominant allele with 43/46 isolates
(22.00) (78.00) (93.00%) and produced up to eight (8) fragments (within a range of 100-

10200bp
2000b P
1000bp

500b p

100b p

10200bp

Qﬂﬂﬂbp
Iﬂﬂﬂbp

500b p

100b P

Plate I. PCR Typing of K1 (msp1) with Band Size (250-1000 bp).
M- Marker.

+1- Positive control 1.

+2- Positive control 2.

-ve- Negative.

Bp- Base pair.

900 bp) and 3D7 produced four (4) fragments (within a range of 100-
900 bp) from 11/46 isolates (24.00%) (Table 2).
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500bp

100bp

102 106

10200bp

2000bp
1000bp

500bp

100bp

Plate II. PCR Typing of MAD20 (msp1) with Band Size (100-500 bp).
M- Marker.

+1- Positive control 1.

+2- Positive control 2.

-ve- Negative.

Bp- Base pair.

3.3. Monoclonal and polyclonal infections of the different allelic families
of msp1 and msp2 among children in Minna

A monoclonal infection (single parasite clone per allele) of 14
(38.00%); and a polyclonal infection (multiple parasite clones) of 23
(62.00%) was identified for msp1 gene. The RO33 is polyclonal with an
amplified fragment size of 400-500 bp, whilst MAD20 recorded the
highest monoclonal 8 (35.00%) and polyclonal infection 15 (65.00%) in
mspl gene (Table 3). In the msp2 gene,13 (41.00%) monoclonal infec-
tion and 19 (59.00%) polyclonal infection was detected (Table 4).

Furthermore, of the 46 PCR positive samples, 42 (91.00%) was
identified as poly-allelic, i.e. they harboured over one parasite genotype
identified by the presence of two or more alleles of one or both genes,
and 4 (9.00%) single allele (mono-allelic). However, the combination of
the poly-allelic features differs accordingly with a total of 20 (18.00%)
with of two (2) allele types in the following order: RO33/FC27 1
(1.00%); MAD20/FC27 15 (14.00%); MAD20/3D7 2 (2.00%) and KI/
FC27 2 (2.00%). Whereas, 17 (15.00%) contained three (3) allele
combination types with K1/RO33/FC27 2 (2.00%); K1/MAD20/FC27
10 (9.00%); MAD20/3D7/FC27 2 (2.00%) and K1/3D7/FC27 3
(3.00%). In addition, a combination of four (4) allele types was

15 M
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observed: K1/R033/3D7/FC27 2 (2.00%) and K1/MAD20/3D7/FC27 2
(2.00%) (Plates I-V).

3.4. Genetic diversity analysis of P. falciparum populations and
multiplicity of infections (MOIs) of alleles of msp1 and msp2 genes in
Minna

The heterozygosity (He) index determined for the antigenic markers
of mspl and msp2 was 0.714 and 0.830, respectively, which signifies a
wide range of allele diversity within the individual genes. However, low
levels of allele diversity with He levels of 0.085, 0.219 and 0.063 was
obtained from the different cohorts of 6 months to 5 years, 6 to 11 years
and 12 to 17 years, respectively. In the overall, a very low level of ge-
netic diversity was detected in Minna with expected heterozygosity (He)
value of 0.0636.

Children within the age of 6 months to 5 years recorded the highest
mean multiplicity of infection (MOI) for mspI and msp2 (2.52), followed
by age groups 6 to 11 years, and then 12 to 17 years with 2.47 and 2.42,
respectively. It was observed that MOI decreases with age, though there
was no statistical significance difference (P > 0.05) between MOI and
age. The mean MOI for msp2 loci was higher (1.68) than msp1 (1.54)
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1000bp
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100bp

102 106 115 116 117
10200bp
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Plate III. PCR Typing of RO33 (msp1) with Band Size (400-500 bp).
M- Marker.

+1- Positive control 1.

+2- Positive control 2.

-ve- Negative.

Bp- Base pair.

with the overall mean MOIs for both mspl and msp2 gene as 1.60. In
addition, RO33 was identified with the highest mean MOI for individual
alleles (2.50). Both K1 and MAD20 detected a MOI of less than 2 (1.75
and 1.35, respectively) for msp1 loci. 3D7 and FC27 of msp2 recorded
1.60 and 1.72, respectively. The mean MOI values calculated for the
individual antigenic markers of mspl and msp2 were similar, but sub-
stantially different from RO33 for msp1.

4. Discussion

The parasite population structure of P. falciparum isolates from
Minna, North-Central Nigeria, was determined using the diversity in
mspl and msp2 antigenic markers. These markers were recommended
for genotyping parasites in antimalarial drug efficacy trials and parasite
population structure analysis by the World Health Organisation (WHO,
2007a; WHO, 2007b). Findings from this study revealed MAD20 to have
the highest frequency of alleles in the msp1 gene, with 31 (67%) and
yielded four fragments within the range of 100-500 bp. Amplification of
the allelic family K1 was positive for 21 isolates (46%) and yielded three
fragments within the range of 250-1000 bp. Allelic family RO33 which
recorded the lowest frequency in msp1 gene had only 5 isolates (11%)

118
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200 205 +ve

119 189

and yielded two fragments 400 and 500 bp. However, there seems to be
a slight similitude from the previous study conducted in South-western,
Nigeria (Olasehinde et al., 2012), it detected proportion of isolates with
K1 family as 68% with 4 alleles within the range of 100 to 300 bp.
Proportion of isolates with MAD20 family as 40% and a total of 3 alleles
were observed within 100 to 300 bp. RO33 proportion was 20% and the
family was observed to be monomorphic with an allele size of 200 bp.

The predominant allele types for this study were MAD20 (msp1) and
FC27 (msp2) with more than half of the study population infected. This
observation was not in conformity with previous works conducted in
South-west Ethiopia, Sudan and Malaysia, which detected the K1, and
RO33 allelic family as predominant (Abdel Hamid et al., 2013; Atroosh
et al., 2011; Mohammed et al., 2015). However, this was in conformity
with a previous work by Soe et al. (Soe et al., 2017) who observed
MAD20 type as the most prevalent for msp1. Meanwhile, previous works
from Ehiopia, Kenya, Congo Brazzaville Myanmar and other sub-
Saharan-African countries detected 3D7 as the predominant allele in
the msp2 gene (Mwingira et al., 2011; Soe et al., 2017; Mayengue et al.,
2011), which was contrary to what was observed from this study with
FC27 as the predominant allele.

More than 90% of the population harboured multiple genotypes of 2,
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10200bp
2000DD

1000bp

500bp

100bp
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102

10200bp
2000bp
1000bp

500bp

Plate IV. PCR Typing of 3D7 (msp2) with Band Size (100-800 bp).
M- Marker.

+1- Positive control 1.

+2- Positive control 2.

-ve- Negative.

Bp- Base pair.

3 or 4 from a single isolate of either or both msp1 and msp2 alleles; and
about 60% are polyclonal. The high level of mixed infections indicates a
high transmission intensity in Minna. The frequency was quite higher
than what was obtained from a previous study by Abdel Hamid et al.
(Abdel Hamid et al., 2013), and Mohammed et al. (Mohammed et al.,
2015) which reported that almost two-third of the samples (62%) and
(59%) harboured multiple genotypes, respectively.

The overall mean multiplicity of infection observed from this study
was 1.54 and 1.68 for the genetic markers mspl and msp2, respectively
which were quite similar to what was observed by Mohammed et al.
(Mohammed et al., 2015) with 1.37 and 1.20 for mspl and msp2,
respectively. In another similar study in Cote d’Ivoire, a high MOI of
2.88 was recorded for msp2 (Silue et al., 2006). This discrepancy may be
due to differences in geographical areas and their transmission patterns
and may also be because of differences in sample population. Generally,
the higher the malaria transmission level, the greater becomes the ten-
dency to get a higher MOI (Mohammed et al., 2015). Epidemiologic data
from some studies in Africa suggest that the multiplicity of P. falciparum
infection could be directly related to the intensity of transmission.

The present study found a non-significant association between MOI
and age. In a similar study conducted by Abdel Hamid et al. (2013), they

]
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unfolded that the association between age and multiplicity of infection
was not well understood.

Findings from this study, revealed that P. falciparum populations
were not genetically diverse (0.0636), although, a high level gene di-
versity within the individual antigenic markers- msp1 and msp2 (with
0.714 and 0.830, respectively) indicates a larger genotype diversity
within the mspl and msp2 loci. This was common to the antigenic
marker genotyping carried out in African regions like Malaysia, Burkina
Faso, Sao Tome, Malawi, Uganda and Tanzania which have identified P.
falciparum populations with alleles occurring at a very high He level
(0.78 to 0.99) (Mwingira et al., 2011; Abd Razak et al., 2016). Though,
Mohammed et al. (Mohammed et al., 2015), also observed a high He
level of 0.79 for mspl, this observation differs for msp2 (0.54) with
moderate He levels. Meanwhile, low level genetic diversity of less than
0.2 was observed in all cohorts of children. However, the lack of major
differences in parasite variants across Minna may be as a result of ma-
laria control program across Minna and the State as a whole by the
distribution of long lasting insecticide treated nets LLINs across the
health facilities and improved service delivery to control and treat ma-
laria which may cause the genetic drift and decrease the level of He and
MOL
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Plate V. PCR Typing of FC27 (msp2) with Band Size (100-900 bp).
M- Marker.

+1- Positive control 1.

+2- Positive control 2.

-ve- Negative.

Bp- Base pair.

5. Conclusions

P. falciparum populations in Minna were not genetically diverse,
however, a high level of gene mix was observed within the individual
antigenic markers of mspl and msp2. More so, there was a non-
significant association between MOI and age, with generally a low
transmission intensity. This study has demonstrated the potential of
malarial gene diversity and MOI, as important markers for assessing
differences in malaria transmission intensity. The determination of gene
diversity paved way to compare prevalence across different cohorts and
confirm the heterogeneity in malaria transmission. This can provide
promising information for future research, particularly in evaluating
control interventions for malaria elimination in high transmission set-
tings where reductions are most difficult to achieve and sustain. This
study, warrants further investigation in a wider population and also in
asymptomatic individuals in order to have an inclusive picture of the
parasite diversity.

This study has several limitations: the study is a cross-sectional, and
it provides limited information about the subject. Meanwhile, the con-
venience sampling method used in this study has inherent selection bias.
The survey was conducted in healthcare facilities, meaning that children
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out of the healthcare facilities were not represented, though this
approach is valid in obtaining an estimate of P. falciparum gene diversity
in children infected with the parasite. The outpatient department of the
healthcare facilities were visited by mostly children under the age of 5,
so older children were under sampled which could have led to an un-
derestimation of the MOL
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