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Mutations in merozoite surface protein 1 (MSP1) serve as indicators of genetic diversity in Plasmodinm
Jfaleiparum population in a given area. Diversity in MSP1 gene of P. faliparum isolates in Igbogbo-Bayeku, a peri-
urban settlement of LLagos, Nigeria was assessed. Malaria was diagnosed by microscopy and polymerase chain
reaction (PCR). MSP1 gene polymorphisms were analyzed in P. faliparum-positive samples using allele-specific
primers of the three families of MSP1 block 2. Of the 63 malaria cases, 34 (54%) were microscopic while 29
(46%0) were sub-microscopic cases. The three MSP1 families were presentin the P. faleiparum isolates with RO33
being the most abundant (55; 87.3%). Thirteen distinct genotypes of MSP1 were observed. There were more
polyclonal infections (40; 63.5%) than monoclonal infections (23; 36.5%). The multiplicity of infection (MOI)
was 1.98 and the expected heterozygosity (He) was 0.64. Participants aged >8 years had significantly higher
MOI (2.26%0.98) than those aged < 8 years (1.78£0.83) (P=0.04). Polyclonal infections were similar in
microscopic  (23/39; 67.6%) and sub-microscopic infections (17/29; 58.6%) (P=0.46). Howevet,
polyinfections were mote in microscopic (26/34; 76.5%0) than in submicroscopic infections (15/29; 51.7%)
(P=0.04). A high level of genetic diversity was observed in the P. faliparun: isolates in this community-based
study which is an indication of intense malaria transmission.
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INTRODUCTION

Malaria is a parasitic disease of public health
importance in Nigeria. Nigeria accounts for 27%
of 229 million global malaria cases and 25% of
malaria deaths globally (WHO, 2020). Plasmodium
falciparnm 1s the most virulent and most prevalent
malaria parasite species in the WHO Africa region,
accounting for 99.7% of the estimated malaria
cases in 2018 (WHO, 2020). In Lagos, P. falciparum
is also the most prevalent malaria parasite species
(Agomo and Oyibo, 2013; Aina ezal., 2013).

The release of P. faleiparum merozoites from
infected erythrocytes elicits immune responses
that are responsible for the clinical signs and
symptoms associated with malaria infection
(Singh and Chitnis, 2017). The P. faliparum
merozoite is covered with
membrane proteins, of which merozoite surface
protein 1 (MSP1) is the most abundant (Kauth ez
al., 2000, Lin et al., 2014). MSP1 is involved in the
attachment of parasite to red blood cell receptors
prior to invasion of red blood (Lin ez al, 2016).
The success of P. falciparum in infecting red blood
cells is attributed to the compatibility of its surface

surface several

antigens with the receptors on the surface of red
blood cells (Tilley ezal., 2011).

Molecular markers, such as merozoite sutrface
protein 1 (MSP1) gene, are used to study the
population structure of P. falciparum in a given area
(Baruah e al, 2009). MSP1 gene is divided into
seventeen blocks of which block 2 shows
extensive allelic polymorphism worldwide
generated by insertion/deletion of repeats (Miller
et al., 1993; Waniji e al., 2012). Block 2 alleles are
mainly represented by three families namely K1,
MAD20, and RO33 based on their characteristic
tri-peptide motifs. Different allelic sequences
belonging to these families show highly skewed
and continent-specific geographical distribution
(Aspeling-Jones and Conway, 2018). Fragment
size polymorphisms in the three block 2 allelic
families have commonly been used as a molecular
marker in studying falciparum malaria
transmission dynamics and host immunity
(Branch et al, 2001; Maestre et al, 2013).
Moreover, analysis of P. faliparum MSP1 gene
block 2 polymorphisms are informative of malaria
transmission intensity (Wanji ezal., 2012).
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The variable genetic structure of the malaria
parasites has also been related to the development
of antimalarial immunity in endemic areas.
Individuals are infected with multiple parasite
clones in a malaria-endemic area leading to
development of antimalarial immunity; while the
immune response leads to selection or dominance
of certain genotypes in a given area (Takala ez a/,
2006; Noranate ezal., 2009).

Limited reports are available on the genetic
diversity in P. falciparum populations in Lagos,
Nigeria. This study determined multiplicity of
infection and distribution of MSP1 families in P.
faleiparum infections in a peri-urban community in
Ikorodu, Lagos, Nigeria.

MATERIALSAND METHODS

Study Area: This study was carried out in
Igbogbo-Bayeku, Ikorodu Local Government
Area of Lagos State. Ikorodu is located in the
North-East region of Lagos State. The latitude of
Ikoroduis 6.616865, and the longitude is 3.508072
(Latlong, 2021). It is located along the Lagos
Lagoon and shares a boundary with Ogun State.
Participants in the study were residents of
Igbogbo Bayeku who volunteered to be screened
for malaria, irrespective of their ages and gender.

Sample Collection and Processing

Finger prick blood sample was used for the
preparation of malaria blood films and dried
blood spots on 3mm Whatman filter paper. The
blood films were stained with Giemsa stain and
examined as previously described (Agomo e7 al,
2009). The body temperature of the participants
was measured with a non-contact infra-red
thermometer (Unioncare Model I'T-122, Taiwan).

Fever was defined as body temperature >37.5°C.

MSP 1 Gene Analyses

Malaria parasite genomic DNA was extracted
from dried blood spots by phenol-chloroform -
isoamyl alcohol (PCI) DNA extraction method
(Panda e# al., 2019). Dried Blood Spots were cut
into small circular discs using a clean paper punch
and were placed in Eppendorf tube with 250 puL.
of lysis buffer (containing KCI, MgCl,, Tris Cl, and
Tween-20). This was incubated overnight with
Proteinase K and 250 pLL of PCI was added to the
DNA solution in a 1.5 mIL micro-centrifuge tube.
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In between samples, the paper punch was
sterilized by dipping in ethanol and flaming with a
Bunsen burner to prevent cross contamination of
samples. The extracted DNA solution was
vortexed briefly and centrifuged for 10 min at
13,000 rpm. The top aqueous layer containing the
DNA was carefully transferred to a new tube.
Thereafter, 500 pL of ice-cold ethanol was added
to the aqueous phase and mixed gently. It was spun
at 13,000 rpm for 10 min and the supernatant was
decanted. The precipitate was washed with 500 pL.
of 70% ethanol at room-temperature by
centrifuging at 13,000 rpm for 10 min. The
supernatant was removed and the pellet was dried
at room temperature. The pellet was dissolved in
50 uL of Tris-EDTA buffer solution (pH 8.0).

The P. falciparum MSP1 gene was amplified using
primers previously described (Mwingira ef al,
2011). Briefly, all reactions were carried out in a
final volume of 20 pL which included 2 pL of
DNA template (primary PCR product).
Oligonucleotide primers were used at final
concentrations of 0.3 mM. The reaction mixture
contained PCR buffer, 0.2 mM of each of the four
deoxynucleoside triphosphates, and 0.75 Units of
AmpliTaq polymerase. Cycling conditions for
primary reaction were: initial denaturation at 95 °C
for 5 min, followed by 40 cycles of denaturation at
94 °C for 1 min, annealing at 61 °C for 45 s and
elongation at 72 °C for 90 s and a final elongation
at 72 °C for 5 min. Two microliters of primary
PCR product were used as DNA template in the
secondary PCR. The reaction mixture of the
secondary PCR had similar concentrations as the
primary PCR. The cycling conditions for the
secondary PCR were: initial denaturation at 95°C
for 5 min, 40 cycles of 94 °C for45s; 61 °C for30's
and 72 °C for 1 min followed by final elongation
step at 72 °C for 10 min. Each genotype was
identified based on the size of the PCR products
resolved on 1.5% agarose gel. A 0.5 ug/mL of
ethidium bromide was used for the UV detection.
Electrophoresis conditions were 100 mV for 30
min.

Data Analysis

Data analysis was performed using SPSS 25.0
statistical software. Frequency tables were used to
summarize categorical variables. Analysis of
variance or Student's T-test was used for
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comparison of continuous variables conforming
to normal distribution depending on which is
appropriate. Pearson's Chi-square or Fisher Exact
Testwas used to compare association between two
categorical variables. Spearman's rank correlation
coefficients were calculated to assess association
between multiplicity of infection (MOI) and
geometric mean parasite density. Statistical
significance was setat P<0.05.

As a measure of parasite genetic diversity, the
expected heterozygosity (HE) which represents
the probability of being infected by two parasites
with different alleles at a given locus and ranging
between 0 and 1 was calculated using the formula:

HE= [n/ (n-1)] [(1-22 Pi2)]; where n = sample
size, Pi = allele frequency (Kloosterman ef al,
1993; Mwingira et al, 2011). The MOI was
determined by dividing the total number of
distinct DNA fragments of P. faliparum MSP1
detected by the number of positive samples
(Oyebola ez al., 2014). Infection with a single allelic
family per infection was considered as mono-
infection while presence of more than one family
per infection was defined as polyinfection. The
presence of a single genotype per infection was
regarded as monoclonal infection while more than
one genotype per infection was regarded as
polyclonal infection.

Ethical Consideration

Consent form containing information on the
study protocol, benefits and risk was given to each
participant or their care-giver. Informed consent
and assent (where applicable) were obtained from
study participants before they were allowed to
participate in the study. All the information
collected in this study was treated as confidential
and assess was limited to investigators only.
Personal identifiers were removed from electronic
version of the data obtained from this study. The
study was approved by the Health Research Ethics
Committee of College of Medicine of the
University of Lagos, Lagos, Nigeria
(CMUL/HREC/09/19/654).

RESULTS

Of the 183 blood samples analyzed by microscopy
and PCR, 34 (18.6%) and 63 (34.4%) were positive
for malaria. Therefore, 63 samples were analyzed
for genetic diversity in Plasmodinm falciparnm MSP1
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block 2. The median age of the study participants
was 8 years (Table 1) of which most of the
participants were aged 5 to 9 years (28; 44.4%).
The male to female ratio was 1:1.1. Only 6 (10%)
of the participants had body temperature >237.5
°C. Of the 63 samples, 29 (46%) were
submicroscopic malaria infection. The geometric

mean parasite density was 2,985 parasites/uL
(range: 91 —160,753 patasites/uL) (Table 1).

Merozoite Surface Protein 1 (MSP1) Gene
Families

The three MSP1 block 2 families (K1, MAID20
and RO33) were present in Plasmodium falciparum
isolates from the study site. The families were
observed alone per infection and in combination
with other families. Triple families per infection
were found in 9 (14%) of the malaria cases, while
double and single families per infection were
found in 32 (50.8%) and 22 (34.9%) of the malaria
cases, respectively. Infections with RO33 alone
(18; 28.6%) and in combination with K1 (28.6%)
were the commonest observed infections, while
the combination of K1 and MADZ20 had the least
frequency 1 (1.6%) (Figure 1). Overall, RO33 was
the predominant family occurring in 55 (87%) of
the malaria cases (Table 2), while K1 and MAD20
were detected in 33 (52%) and 22 (35%) of the
malaria cases, respectively.

MSP1 Genotypes

Thirteen distinct genotypes of MSP1 gene block 2
were observed in this study. The number of
genotypes of K1, MAD20 and RO33 were 7, 4
and 2, respectively. The number of genotypes per
infection ranged from 1 to 4 genotypes (Figure 2).
There were more polyclonal infections (40;
63.5%) than monoclonal infections (23; 36.5%).
The frequency of single, double, triple and
quadruple clones per infection were 23 (36.5%),
22 (34.9%), 14 (22.2%) and 4 (6.3%), respectively
(Figure 2).

Overall, the mean MOI was 1.98%0.92 (Table 3)
and the expected heterozygosity (HE) was 0.64.
An association between MOI and age was
observed. The MOI of study participants aged >8
years 2.2610.98 was significantly higher than the
MOI of participants aged 8 years and below
1.78%0.83 (P=0.04). The MOI was not dependent
on gender, body temperature or malaria type
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(submicroscopic or microscopic) (P>0.05) (Table
3).

The proportion of polyclonal infections were
similar in microscopic and submicroscopic
infections (P=0.458). Majority of the microscopic
and submicroscopic infections were polyclonal
infections (23/34; 67.6%) and (17/29; 58.6%),
respectively. There were significantly more
polyinfections in microscopic (26/34; 76.5%)
than in submicroscopic malaria infections (15/29;

51.7%), (P=0.04) (Table 4).

Reclassification of the number of families into
single and multiple families/infection showed that
a significantly higher proportion of the malaria
cases in microscopic infections had multiple
MSP1 families (26/34; 76.5%) than sub-
microscopic infections in which the proportion of

Agomo et al.: Genetic Diversity in Merozoite Surface Protein

multiple MSP1 families was (15/29; 51.7%)
(P=0.04). The proportion of multiple genotypes
in microscopic infections (23/39; 67.6%) was
similar to the proportion of multiple genotypes in
sub-microscopic infections (17/29; 58.6%)
(P=0.406) (Table 4).

Multiplicity of Infection and Parasite
Density

The correlation between parasite density and
MOI was not significant [r=-0.159; P=0.40].
Although the geometric mean parasite density of
monoclonal infections 3,780 [range: 186 —
160,753] parasites/ul. was higher than that of
polyclonal infections 2698 [range: 91 — 138, 560]
patasites/ul, the difference was not significant

(P=0.722).

Table 1: Demographic characteristics of the study participants

Character Frequency %
SEX

Male 33 52.4

Female 30 47.6
Age (years)

Median (Range) 8.0 0.6-72.0

<5 14 22.2

5-9 28 44.4

210 21 33.3
Temperature (°C)

<37.5 6 10.0

<37.5 54 90.0
Malaria Type

Microscopic 34 54.0

Submicroscopic 29 46.0
Parasite density (parasites/pL)

Geometric mean 2,985

91-160,753

Range
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Figure 1: Distribution of Plasmodinm falciparum Merozoite Surface Protein 1 families per infection

Table 2: Distribution of Merozoite Surface Protein 1 families and genotypes

MSP1 FAMILY Frequency (%) Genotypes Size range (bp)

KI 33 (52.4) 7 125-220

MAD20 22 (34.9) 4 125-240

RO33 55 (87.3) 2 110-175
Key:

MSP1 = Merozoite Sutrface Protein 1
bp = base pair
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Figure 2: Distribution of the number of Plasmodium falciparum Merozoite Surface Protein 1 genotypes
per infection.
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Table 3: Comparison of Multiplicity of Infection with Gender, Age, Body Temperature and Type of

Malaria Infection

MOI

.Variables Frequency Mean SD P

Gender Male 33 1.94 0.86 0.690
Female 30 2.03 1.00

Age (years) 1-8 36 1.78 0.83 0.040
>8 27 2.26 0.98

Temperature (°C)  >=37.5 6 1.83 0.75 0.749
<375 54 1.96 0.95

Malaria type Microscopic 34 2.15 1.02 0.131
Submicroscopic 29 1.79 0.77
Total 63 1.98 0.92

Key:

MOI = Multiplicity of infection
SD = Standard deviation
P = Probability value

Table 4: Comparison of clones and families per infection with type of malaria infection

Type of Malaria

Variable Microscopic  Submicroscopic ~ Total n(%) P
n (%) n (%)
Clones/ Monoclonal 11 (32.4) 12 (41.4) 23 (36.5) 0.458
infection Polyclonal 23 (67.6) 17 (58.6) 40 (63.5)
Families/  Monoinfection 8 (23.5) 14 (48.3) 22 (34.9) 0.04
infection Polyinfection 26 76.5) 15 61.7) 41 (65.1)
Total 34 (100.0) 29 (100.0) 63 (100.0)

Key:
n = Frequency
P= Probability value

DISCUSSION

This study was conducted in a community in
Lagos, Nigeria. Low prevalence rates of malaria
have been reported in Lagos State by a number of
studies (Agomo ez al., 2009; Aina et al., 2013; Udoh
et al., 2020). The high proportion of
submicroscopic malaria cases reported in this
study shows that reliance on malaria microscopy
as the gold standard of malaria diagnosis may be
underestimating the prevalence of malaria in
Nigeria. In this study, malaria prevalence was
underestimated by about 46% using microscopy.
Increased malaria prevalence rates are obtained
when diagnostic tests that are more sensitive than
microscopy are used (Niang e/ al, 2017).
Deployment of more sensitive malaria diagnostic

tests will enable the detection and treatment of as
many malaria cases as possible.

Poor treatment outcomes have been associated
with polyclonal infections (Gosi e al., 2013). In
this study, the proportion of polyclonal infections
were similar in microscopic and submicroscopic
infections. The predominance of polyclonal
infections in these mostly asymptomatic malaria
cases suggests that these malaria infections have
the potential of causing severe morbidity and
mortality. It is therefore important to target both
microscopic and submicroscopic malaria cases to
significantly reduce malaria morbidity and
mortality.
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The MSP1 allelic family RO33 was the most
predominant in this study site. It was observed
alone and in combination with K1 and MAD 20 in
87% of the infections. This is consistent with the
findings of Ghoshal and co-workers who
reported a predominance of RO33 in mild malaria
cases (Ghoshal ez 4/, 2018). All the cases in this
study were mild malaria cases, mostly
asymptomatic cases. Only 10% of the study
participants were febrile at presentation. In some
studies in Nigeria, where the study participants
were clinical cases of malaria, K1 was the
predominant MSP1 family in the P. faliparum
infections (Olasehinde ¢z al., 2012; Oyebola et al.,
2014).

The lack of association between parasite density
and polyclonal infections as observed in this study
indicates competition between the different
clones within a host which suppresses the
expected exponential growth of individual clones
(Sondo et al, 2019). This finding is however
contrary to the report by Diouf ez a/. (2019), who
observed a significantly higher parasitaemia in
polyclonal than in monoclonal infections. Also,
parasite density was not associated with MOI in
this study. Lack of association between parasite
density and multiplicity of infection have been
reported by other workers (Happi ef al, 2004;
Mohammed ¢z al., 2015).

There have been various reports on the
relationship between multiplicity of infection and
age. Some workers did not observe any
relationship between MOI and age (Happi ez 4/,
2004; Mohammed ¢ al., 2015). Yavo et al. (20106)
reported that MOI decreased with age in Cote
d'Ivoire. In this study, we observed that MOI was
higher in study participants older than 8 years
compared to those aged 8 years and below. The
differences in these study findings suggests that
population structure of P. faliparum varies from
location to location.

A high level of genetic diversity was observed in P,
falciparum isolates in this study. For a malaria
vaccine based on MSP1 to be efficacious in Lagos,
all the distinct allelic variants will have to be
incorporated into the vaccine. Genetic diversity in
Plasmodium faleiparum has been a major obstacle to
the development of malaria vaccines (Genton ef
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al,, 2002).

The mean MOI and the number of distinct
genotypes of K1, MAD20 and RO33 reported in
this study are greater than previous reports in
Lagos and Ogun (a state that shares geographical
border with Lagos State) (Olasehinde e a/, 2012;
Opyebola ezal.,2014). This is an indication of stable
malaria transmission in spite of the low malaria
prevalence in LLagos compared to other states in
Nigeria.

CONCLUSION

The high level of genetic diversity and multiplicity
of P. falciparum infections suggests intense malaria
transmission in this study area. Polyclonal
infections were more than monoclonal infections.
Polyinfection was associated with microscopic
infections. Multiplicity of infection was age
dependent but not associated with
submicroscopic or microscopic malaria
infections.
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