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Abstract

Symptomatic and asymptomatic malaria patients are considered as the reservoirs of human Plasmodium. In the present
study, we have evaluated the Plasmodium falciparum merozoite surface protein-1 (Pfimsp1) and protein-2 (Pfinsp2) genetic
diversity among the symptomatic and asymptomatic malaria infection from health facilities in Cotonou, Benin Republic. A
cross-sectional study recruited 158 individuals, including 77 from the asymptomatic and 81 from the symptomatic groups.
The parasites were genotyped using Nested Polymerase Chain Reaction. Samples identified as Plasmodium falciparum were
genotyped for their genetic diversity. No significant difference was observed in the overall multiplicity of infection (MOI)
between the asymptomatic and symptomatic groups. In the symptomatic group, the overall frequency of K1, MAD20, and
RO33 allelic family was more predominant (98.5%) followed by 3D7 (87.3%) and FC27 (83.1%). However, in asymptomatic
group, the K1 alleles were the most prevalent (100%) followed by FC27 (89.9%), 3D7 (76.8%), MAD20 (60.5%), and RO33
(35.5%). The frequency of multiple allelic types (K1+MAD20+R033) at the Pfmsp! loci in the symptomatic infections
was significantly higher when compared to that of the asymptomatic ones (97% vs. 34%, p <0.05), whereas no difference
was observed in the frequency of multiple allelic types (3D7 and FC27) at the Pfmsp2 loci between the two groups. The
high presence of mspl multiple infections in the symptomatic group compared to asymptomatic ones suggests an associa-
tion between the genetic diversity and the onset of malaria symptoms. These data can provide valuable information in the
development of a vaccine that could reduce the symptomatic disease.
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Introduction

Malaria is an infectious disease caused by one-celled para-
sites of the genus Plasmodium. Out of the five main spe-
cies known to infect humans, Plasmodium falciparum is the
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«Fig. 1 Map of the samples collection

artemisinin-based combination therapy (ACT), indoor resid-
ual spraying (IRS), a test-and-treat policy, and the develop-
ment of antimalarial vaccines (Gosling et al. 2010).

One of the difficulties in developing an effective uni-
versal vaccine against Plasmodium falciparum parasite is
the extensive genetic diversity of vaccine targets allowing
the parasites with mutated genes to escape from the host’s
immune response (Genton et al. 2002; Healer et al. 2004;
Mahmoudi and Keshavarz 2018). Several candidate proteins
such as Duffy-Binding Protein (DBP), Apical Membrane
Antigen-1 (AMA-1), Thrombospondin-Related Anonymous
Protein (TRAP), Circumsporozoite protein (CSP), Merozoite
Surface Protein-1 (mspl), and Merozoite Surface Protein-2
(msp2) have been designed to induce immunity against
malaria parasites (Richards and Beeson 2009). Several poly-
morphic genetic markers have widely been used to evaluate
Plasmodium falciparum’s genetic diversity, especially msp1
and msp2 proteins (Kiwuwa et al. 2013; Yavo et al. 2016),
which are two proteins challenging the human immune sys-
tem (Patel et al. 2017). Additionally, these antigenic mark-
ers are used to investigate the level of malaria transmission
intensities, to discriminate new from recrudescent infections
in therapeutic efficacy monitoring studies and to determine
the number of different strains of Plasmodium falciparum
co-infecting the same host define as the multiplicity of infec-
tion (MOI) (Congpuong et al. 2014; Ferreira and Hartl 2007,
Vafa et al. 2008).

In the ongoing fight against malaria, asymptomatic cases
are often not included in clinical studies (Ramaswamy
et al. 2020), thus representing a silent natural reservoir for
malaria transmission. Consequently, asymptomatic malaria
cases may be the precursors of symptomatic disease progres-
sion and in eventual spread to other human hosts (Bousema
et al. 2014). It has been shown that asymptomatic malaria
infections were four to five times more prevalent than clini-
cally patent infections (Lindblade et al. 2013). Similarly,
in Colombia, 37% of asymptomatic pregnant women were
found to have parasitemia (Carmona-Fonseca et al. 2017).
Therefore, asymptomatic plasmodial infections constitute
a significant obstacle for malaria control and elimination
efforts. As a result, asymptomatic infections need to be con-
sidered in endemic countries to achieve the malaria elimina-
tion goal in 2030.

Previous studies investigated the genetic diversity of
Plasmodium by using mspl and msp2 proteins from symp-
tomatic cases (Beck et al. 2001; Somé et al. 2018), but
our understanding of the genetic diversity of Plasmodium
isolates from asymptomatic infections is limited. Studies
comparing the genotype of asymptomatic infection to the
symptomatic ones in different local endemic conditions will

play a critical role in developing new generations of malaria
control strategies. This could help to accelerate efforts to
overcome control and move towards this disease elimina-
tion through combinations of interventions tailored to local
contexts. This information will also enrich the data on para-
site population diversity that is invaluable for designing and
implementing an effective malaria vaccine.

In this study, we assessed and compared the genetic diver-
sity of Plasmodium falciparum isolates among individuals
with asymptomatic malaria infections and symptomatic
patients attending health facilities in Cotonou (Republic of
Benin) using two polymorphic markers: merozoite surface
proteins markers mspl and msp2.

Methods
Study sites

The samples used in this study were collected between April
and July 2016 from the Ménontin and Sainte-Rita health
facilities, located in Littoral province in Southern Benin
(Fig. 1). Both health facilities are located around the Nokoué
river, which constitutes suitable habitat for malaria-trans-
mitting mosquitoes. Southern Benin is characterized by a
sub-equatorial climate and a perennial malaria transmission
with two peaks corresponding to the rainy seasons (April to
July and mid-September to November) (Plan stratégique de
lutte contre le paludisme au Bénin, 2010).

Study population and blood samples collection

Dried blood spots were prepared by dropping 50 pL of
blood onto strips of Whatman® 3 mm paper from indi-
viduals willing to participate in the study and aged > 2
years old. The blood samples were obtained from sympto-
matic subjects presenting suggestive symptoms of malaria
(temporal temperature > to 37.5 °C or history of fever 72
h preceding admission to the health facility, positive thick
smear regardless of parasite density) and from asympto-
matic residents (temporal temperature < 37.5 °C, absence
of fever in the previous 2 weeks and at least 1 week after
enrolment and positive thick smear regardless of parasite
density). Plasmodium falciparum species identification.
Only positive samples regardless of parasitemia from
both asymptomatic and symptomatic malaria patients
were included in this study. Samples from a total of 158
participants were collected and all of them were positive
by microscopy.
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Table 1: Primer sequences

Sequence (5'-3")
TTA AAA TTG TTG CAG TTA AAA CG

for Plasmodium species Primer
identification and msp1 and Nested 1 rPLU6
msp2
rPLUS
Nested 2 rFALI
rFAL2
Outer M1-OF
M1-OR
K1 MI1-KF
MI1-KR
MAD 20 MI1-MF
MI1-MR
RO33 MI1-RF
MI1-RR
Msp2
Outer M2-OF
M2-OR
3D7/FC27 Slfw
FC27 Mb5rev
3D7 N5rev

CCT GTT GTT GCC TTA AACTTC

TTA AAC TGG TTT GGG AAA ACC AAA TAT ATT
ACA CAA TGA ACT CAA TCA TGA CTA CCC GTC
CTA GAA GCT TTA GAA GAT GCA GTA TTG

CTT AAA TAG TAT TCT AAT TCA AGT GGA TCA
AAA TGA AGA AGA AAT TAC TAC AAA AGG TGC
GCT TGC ATC AGC TGG AGG GCT TGC ACC AGA
AAA TGA AGG AAC AAG TGG AAC AGC TGT TAC
ATC TGA AGG ATT TGT ACG TCT TGA ATT ACC
TAA AGG ATG GAG CAA ATA CTC AAG TTG TTG
CAA GTA ATT TTG AAC TCA TGT TTT AAATCAGCGTA

ATG AAG GTA ATT AAA ACA TTG TCT ATT ATA
CTT TGT TAC CAT CGG TAC ATT CTT

GCT TAT AAT ATG AGT ATA AGG AGA A

GCA TTG CCA GAA CTT GAA

CTG AAG AGG TAC TGG TAG A

DNA extraction and Plasmodium falciparum
identification after malaria diagnostic tests

Genomic DNA was extracted from 2 spots on Whatman
paper dried blood spots using chelex-100® (Bio-Rad
Laboratories, CA, USA) as previously described (Wooden
et al. 1993). The DNA extracts were stored at —20 °C until
used for the amplification reactions.

Plasmodium falciparum species were detected using
the method described by Snounou et al. (1993). Briefly,
Plasmodium falciparum species were determined by a
nested PCR in a final volume of 20 pL. The first round
of amplification was made up of genus-specific prim-
ers mix of rPlu 5 (0.5 pL) and rPlu 6 (0.5 pL), with
4.75 pL of sterile water, 4 pL of 5X PCR buffer, 1 pL
of 5 mM dNTP, 4 pL of 25 mM MgCl,, 0.25 pL of
Go Taq DNA polymerase (BioLabs®Inc.), and 5 pL of
genomic DNA. The second round of amplification was
done using 3 pL of the first PCR products with 0.5 pL
of Plasmodium falciparum specific (tfFAL1 and rFAL2)
primers (10 pM), and 6.75 pL of sterile water. Samples
confirmed to be Plasmodium falciparum positive were
then selected for other molecular characterization. The
primary and secondary primers sequences are listed in
Table 1.

Allelic genotyping of the Plasmodium falciparum
msp1 and msp2 genes

A protocol previously described by Barry et al. (2013) was
used to amplify the mspl and msp2 genes of Plasmodium
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falciparum using specific primers summarized in Table 1.
The polymorphic allelic families of the msp! (K1, MAD20,
and RO33) and msp2 (FC27 and 3D7) genes were amplified
with a nested PCR amplification. Briefly, the primary ampli-
fication used 0.25 pL of each of primers M1-OF/M1-OR for
Pfmspl and M2-OF/M2-OR for Pfmsp2 in the presence of
3.55 pL of water, 5 pL of buffer 5%, 4 pL of 25 mM MgCl,,
1 pL of 5 mM dNTPs, 0.25 pL of Taqg DNA Polymerase
(BioLabs®Inc.), and 5 pL. of DNA extract.

For the secondary PCR reaction, the primer pairs specific
to each Pfmspl and Pfmsp2 allelic family were used in the
presence of the same reaction constituents as the first PCR
round but with different reaction volumes. The primer pairs
used were K1/K2 for the K1 family, MAD20-1/ MAD20-2
for the MAD20 family, and RO33-1/R033-2 for the RO33
family of Pfmspl. For the allelic families of the Pfmsp2
gene, the primer pairs FC27-1/FC27-2 and 3D7-1/3D7-2
were used for the FC27 and 3D7 families respectively. The
primary and secondary primers set used are listed in Table 1.
The cycling conditions for both amplification reactions were
an initial denaturation at 94°C for 5 min followed by 35
cycles of 94 °C for 30 s, annealing at 55 °C for 1 min, and
extension at 72 °C for 1 min, with a final extension at 72 °C
for 5 min. The amplification products from each secondary
PCR were assessed using ethidium bromide staining 2% aga-
rose gel followed by visualization under UV.

Statistical analysis

Plasmodium falciparum infections were classified as either
monoclonal if it yielded a single band at either of the
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two msp2 PCRs as well as a single band at either of the
three mspl PCRs, otherwise the sample was classified as
polyclonal, with more than one allele in at least one locus
(Kiwuwa et al. 2013).

The multiplicity of infection (MOI) was calculated by
dividing the total number of distinct mspl and msp2 frag-
ments by the number of samples positive for the same gene
(Mohd Abd Razak et al. 2016). The mean MOI was calcu-
lated by dividing the total number of alleles detected in both
mspl and msp2 by the total number of positive samples for
both markers. Chi-squared exact test was used to compare
the distribution of the allelic frequencies of K1, MAD20,
RO33,3D7, and FC27 allele families between symptomatic
and asymptomatic groups using the package “stats” in R
Core Team, 2017 software version 3.4.4. The student’s ¢-test
was used to assess the statistical differences of MOI values
between the two groups. Graphical representations were per-
formed using GraphPad Prism 8.0.2 software (San Diego,
California USA). All the analysis was set at a significance
threshold of p <0.05.

Table 2: Multiplicity of Infection (MOI) of mspl, msp2, families
allelic, and overall MOI from symptomatic and asymptomatic malaria
patients

Allelic family MOI sympto- MOI asympto- P value
matic matic

K1 29 4.59 < 0.0001

MAD20 3.15 3.19 0.9

RO33 2.45 2.55 0.7

mspl 2.8 3.79 0.3

3D7 2.24 241 0.5

FC27 1.35 1.3 0.15

msp2 2 1.8 0.6

Overall 2.4 2.8 0.5

Symptomatic

1 | | {msp1
mm K1
B Mad20

mm RO33

FC27
mm 3D7

Asymptomatic

Results
Prevalence of Plasmodium falciparum infection

Samples from a total of 158 individuals were analyzed (81
asymptomatic and 77 symptomatic patients). All blood sam-
ples used were positive by Plasmodium falciparum infection
using microscopy and confirmed by PCR 100% (158/158).

Allelic polymorphism of msp7 and msp2

All three allelic types (K1, MAD20, and RO33) of mspl
were detected in 89.3% (141/158) of the Plasmodium falci-
parum isolates, including 65 samples from the symptomatic
group and 76 from the asymptomatic group. A total of 88.6%
(140/158) Plasmodium falciparum isolates displayed a posi-
tive PCR outcome for msp2, including 71 samples from the
symptomatic group and 69 from the asymptomatic group.
In the symptomatic group, 98.5 % of Plasmodium falcipa-
rum isolates belonged to the K1, MAD20, and RO33 allelic
family while 83.1% and 87.3% of the parasite isolates car-
ried FC27 and 3D7 allelic types, respectively (Fig. 2). The
distribution of all five allelic families was high and approxi-
mately the same across the symptomatic group. For sam-
ples collected from the asymptomatic group, 76 (100%), 46
(60.5%), and 27 (35.5%) isolates were found to have K1,
MAD20, and RO33 allelic types respectively while 89.9%
and 76.8% of the parasite isolates had FC27 and 3D7 allelic
types respectively. The distribution of all five allelic fami-
lies varies across the asymptomatic group. The predominant
allelic family in both groups was K1, while the frequencies
of MAD20 and RO33 were significantly higher in the symp-
tomatic group (p < 0.01.1072) (Fig. 2).

The MOI of the five allelic families and the overall MOI
of each gene are displayed in Table 2. The overall MOI of
mspl and msp2 in the symptomatic group were 2.8 (95% CL:
2.66-2.94) and 2 (95% CI: 1.9-2.1) respectively, whereas,
in the asymptomatic group, the MOI of mspl and msp2
were 3.79 (95% CI: 3.2-3.5) and 1.8 (95% CI: 1.71-1.9).
There was no statistical difference in the MOI of mspl and
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Fig.3 Combinations of mspl and msp2 allelic families in sympto-
matic and asymptomatic malaria patients. Alleles of the msp! (a) and
msp2 (b) genes were classified by the presence of a fragment after
respectively the mspl and msp2 allele’s specific PCR amplifications.
The number above each bar indicates the exact frequency. Statistical
differences were determined using Chi-squared exact test

msp2 between the two groups (p > 0.05). The allelic fam-
ily K1 displayed a significant difference of MOI between
the asymptomatic and symptomatic groups (4.59 vs. 2.9)
(p<0.01.1072) (Table 2).

For individual infections among the symptomatic group,
2% carried only RO33 type while 98% of individuals were
found to have multiple allelic types (i.e., KI/MAD20, K1/
RO33, MAD20/R0O33, and K1/MAD20/R0O33). In con-
trast, 38.2% of single-clone infections were recorded in the
asymptomatic group with K1 type, and 61.8% were multi-
ple allelic types (i.e., KI/MAD20, K1/RO33, and MAD20/
RO33, and K1/MAD20/R0O33) (Fig. 3a). The symptomatic
group displayed a significantly higher frequency of multi-
clonal infections related to the mspl gene (mostly with K1
family alleles) compare to that observed in the asymptomatic
group (p < 0.05). Concerning msp2 gene, 13% of the para-
site isolates had only FC27 and 17% had only 3D7 allelic
type among the symptomatic group. The remaining 70% had
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the two allelic types (i.e., FC27/3D7) (Fig. 3b). In asymp-
tomatic individuals, 26% had only FC27 allelic type, 7%
were found to have only 3D7 type, and the remaining 67%
had multiple allelic types (i.e., FC27/3D7). No statistically
significant difference was observed when comparing 3D7,
FC27 allelic family, and multiclonal (i.e., FC27/3D7) infec-
tions (p > 0.05) of two groups.

Discussion

Determining Plasmodium falciparum genetic diversity
from field samples is crucial for understanding the popula-
tion structure of Plasmodium falciparum genotypes. This
information is a crucial component in adjusting malaria
control strategies against the target parasites species in a
specific endemic area. Since the parasite reservoir consists
of symptomatic and asymptomatic individuals, we inves-
tigated the polymorphism of Plasmodium falciparum sub-
populations between two categories of malaria infection
(symptomatic and asymptomatic cases). Surface proteins 1
and 2 of merozoites were used as the marker because of
their well-known genetic diversity, and also, they provide
information on MOI and Plasmodium falciparum alleles
frequency, which are most often correlated with the level of
transmission in the study area (Ayanful-Torgby et al. 2016;
Daubersies et al. 1996). Comparing the genetic diversity of
Plasmodium falciparum isolates among individuals with
asymptomatic malaria infections and symptomatic patients
can provide clues to understand protection against clinical
(symptomatic) malaria and more insights into parasite viru-
lence mechanisms.

Here, we observed that the allelic families of both msp1
(K1, MAD20, and RO33) and msp2 (3D7 and FC27) were
present in the symptomatic group at a relatively similar
frequency (frequency >80%) whereas, in the asymptomatic
group, the K1 msp1 allelic family was the most prevalent,
while a similar prevalence was observed among both allelic
families of msp2. The MAD20 and RO33 msp] allelic fam-
ilies were significantly higher in the symptomatic group
than the asymptomatic group. Furthermore, we observed
that 98.5% of the symptomatic patient samples carried all
the three mspl allelic families (K1, MAD20, and RO33)
instead of 34% of the samples in the asymptomatic group
that displayed the same allelic families. This suggests that
the infections in our study area with the parasites belonging
to the MAD20 and RO33 msp1 allelic families would more
likely result in the exhibition of malaria symptoms. How-
ever, studies on the association between allelic families of
mspl or msp2 and malaria clinical status, extended to all
disease categories, displayed conflicting reports. Specifi-
cally, for the RO33 allelic family, some authors demon-
strated that RO33 alone or in co-infection was found to be
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strongly associated with fever and anemia (Anong et al.
2010; Sondo et al. 2019; Ofosu-Okyere et al. 2001; Robert
et al. 1996; Ghanchi et al. 2015). Conversely, another study
reported no association between RO33 allelic family and
malaria clinical status, including symptomatic/asympto-
matic (al-Yaman et al. 1997). These inconsistent results
may be attributed to several factors like complex interac-
tions of the host, parasite, and environment (Miller et al.
2002; Kiwuwa et al. 2013).

In studies exploring Plasmodium falciparum genetic
diversity among or between malaria clinical status, MOI is
used to measure malaria transmission level (Tusting et al.
2014; Arnot 1998; Chen et al. 2018; Koepfli et al. 2011).
Consequently, the highest value of MOI recorded in some
areas means that the transmission is particularly at the highest
level (Abdel-Wahab et al. 2002; Paul et al. 1998). However,
no significant difference was observed between the overall
MOI of the asymptomatic and symptomatic groups, con-
sidering all allelic families of both mspl and msp2 locus,
suggesting no association between the different genotypes of
the clinical malaria status in the study area. On the contrary,
high MOI values were linked to the asymptomatic category
compared to symptomatic in Ghana (Agyeman-Budu et al.
2013). However, some authors did not find any association
between malaria asymptomatic/symptomatic status and MOI
in other African countries such as Madagascar (Durand et al.
2008) and Gambia (Conway et al. 1991). Consequently, the
discrepancy between the MOI level and the clinical malaria
status might be due to distinct factors not yet well understood.
Our results show that when considering only the K1 allelic
family, the MOI reported in the asymptomatic group was
higher than that of the symptomatic group. Furthermore, by
comparing monoclonal infections of msp! locus between the
asymptomatic and symptomatic groups, we found 38% of
the asymptomatic individuals had only K1 variant. Taken
together, these results suggest that in our study area, infec-
tions from parasites belonging to only the K1 allelic family
are likely to be asymptomatic and not associated with the
signs and symptoms of clinical malaria.

Our study did not show any significant difference
in the prevalence of infections containing parasites
belonging to both msp2 allelic families (3D7-FC27 co-
infection) among the asymptomatic and symptomatic
patients. This observation here supports results from a
previous study by A-Elbasit et al. (2007) and suggests
that the occurrence of both msp2 alleles (3D7 and FC27)
in infection does not influence the occurrence of malaria
symptoms.

This study had some limitations including the fact that
allelic frequencies may have been underestimated due to
the limited ability of the genotyping assay to work at low
parasite densities, which would be more prevalent in the
asymptomatic group and may have biased our results. This

limitation was expected in previous studies (Contamin et al.
1995; Farnert et al. 2001). Earland et al. (2019) have shown
that minor alleles are undetectable in low-density asymp-
tomatic infections using genotype assay. In addition, cap-
illary electrophoresis would assess allelic diversity more
accurately than the agarose gel electrophoresis used in the
current study which had intrinsically limited by the use of
two genetic markers. Also, it would be better to use Next-
Generation Sequencing (NGS) technologies which provide
much more accurate data on genetic diversity in Plasmodium
populations and have an increased sensitivity and specificity
in detecting minority clones within multiclonal infections
(Juliano et al. 2010; Lin et al. 2015).

Regardless of the above limitations, this study showed
that the two msp1 allelic families MAD20 and RO33 were
more prevalent in symptomatic individuals and may be asso-
ciated with the clinical signs. Although these results have
to be taken with caution, they highlight the need to further
explore this subject by implementing longitudinal studies in
different geographical contexts with the standardized collec-
tion and genotyping methods.

Conclusion

The present study’s findings provide an overview of the
genetic variability of Plasmodium falciparum in sympto-
matic and asymptomatic infections. In the asymptomatic
group, the predominant genotype was K1, while MAD20
and RO33 were most common in the symptomatic patient
group. However, infections with the K1-MAD20-RO33
complex were higher in symptomatic than asymptomatic
individuals. In addition, infections with the 3D7-FC27
complex were similarly distributed in the symptomatic
and asymptomatic groups. The MOI was similar between
the asymptomatic and symptomatic groups. Our findings
provide an overview of the genetic variability of Plas-
modium falciparum in symptomatic and asymptomatic
infections.
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