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Malaria showed a significant decline in Senegal following the scale up of malaria control around the 
country with epidemiological disparities. Assessment of multiplicity of infection (MOI) and genetic 
diversity of Plasmodium falciparum population evolution proved its efficacy in monitoring malaria 
control. However, to our knowledge few studies focused on the dynamic changes of genetic diversity 
and MOI in Senegal. The present study aimed to analyze allelic diversity of Pfmsp1 and Pfmsp2 genes 
and MOI on P. falciparum isolates from Kedougou and Thies regions in Senegal from 2014 to 2017. 
Allelic polymorphism of Pfmsp1 and Pfmsp2 were assessed by the nested PCR. Over the four years, 
MAD20 frequencies were significantly predominant in Kedougou (48 to 64%) than Thies (7 to 29%) 
(P<0.01). Monoclonal infections with K1 (56 to 70%) or RO33 (10 to 17%) were higher in Thies than 
Kedougou. No significant difference in frequencies of Pfmsp2 allelic families was found and IC3D7 was 
predominant in both areas during the study. MOI means in the two regions were similar, showing an 
increase between 2014 and 2015 and a decrease from 2015 to 2017. However, its averages were higher 
in Kedougou than Thies. The frequencies of the allelic families of Pfmsp1 and Pfmsp2 reported by the 
study showed a difference within the temporal and spatial evolution of P. falciparum genetic diversity 
from these regions between 2014 and 2017. However, the similarity observed in the MOI means’ 
evolution within two regions needs to be deeply investigated on malaria transmission surveillance. 
   
Key words: Senegal, Plasmodium falciparum, Pfmsp1, Pfmsp2, allelic diversity, MOI. 

 
 
INTRODUCTION 
 
Malaria remains a public health burden threat as it 
reached   228  million   cases   and   was  responsible  for  
 

 
405 000 deaths worldwide in 2018 (WHO, 2019). 
Therefore,  over   fifteen   years,   malaria   controls  were  
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intensified in many endemic areas including Senegal 
(PNLP, 2016, 2017). On the other hand, scale up of 
malaria control may cause changes in malaria 
epidemiology particularly on the intensity of malaria 
transmission and genetic diversity of parasite population 
(Branch et al., 2011; Nkhoma et al., 2013; Daniels et al., 
2015; Obaldia et al., 2015). Indeed, malaria transmission 
pattern can affect the multiplicity of infection (MOI) and 
genetic diversity of parasite populations (Su et al., 2009). 
Hence, the usefulness of genetic diversity and MOI 
assessment which may provide insight on malaria 
transmission (Daniels et al., 2015).   

To date, molecular approaches showed convincing 
results to malaria control and elimination in numerous 
countries where malaria transmission is decreasing such 
as Senegal (Daniels et al., 2013, 2015; Niang et al., 
2017), Panama (Obaldia et al., 2015) and Columbia 
(Chenet et al., 2012). Among these molecular 
approaches, genotyping of allelic families of Plasmodium 
falciparum merozoite surface protein 1 (Pfmsp1) and 2 
(Pfmsp2) genes is a standard method for assessing the 
MOI (Atroosh et al., 2011; Mueller et al., 2012) and 
exhibit efficiency in gauging different genotypes of 
parasite co-infections. These two polymorphic antigenic 
markers are also useful in characterizing P. falciparum 
populations in malaria endemic areas (Salem et al., 2014; 
Kateera et al., 2016; Yavo et al., 2016; Niang et al., 2017; 
Chen et al., 2018; Metoh et al., 2020).  

Following the intensification of malaria control in 
Senegal, its transmission revealed some disparities 
within the country (PNLP, 2016). Actually, the Southern 
part of the country shows high malaria transmission with 
annual incidence greater than 100/1000 inhabitants while 
the Northern part displays low to moderate transmission 
with an annual incidence rates less than 5/1000 
inhabitants (PNLP, 2015). However, a spatio-temporal 
analysis of complexity of P. falciparum infections realized 
in Kedougou (a Southern region) suggested a decrease 
of malaria transmission from 2009 to 2013 (Niang et al., 
2017). Moreover, in Thies (a Western region) the 
application of 24 Single Nucleotide Polymorphism (SNP) 
genomic barcodes for malaria surveillance combined with 
incidence data from the national malaria control policies 
(NMCP) also reported a reduction in malaria transmission 
from 2006 to 2010 but with a significant rebound from 
2012 to 2013 (Daniels et al., 2015). These two reports 
raised some contradictions particularly the rise of genetic 
diversity of parasites in Thies region known as a low 
malaria transmission area (Daniels et al., 2015; Niang et 
al., 2017). Therefore, additional studies are needed 
beyond 2013 in both Thies and Kedougou to better 
characterize the temporal and spatial evolution of MOI 
and P. falciparum genetic diversity. This present study 
aimed to analyze the allelic diversity of Pfmsp1 and 
Pfmsp2 genes and MOI of P. falciparum isolates from 
Kedougou and Thies from 2014 to 2017.  

 
 
 
 
MATERIALS AND METHODS 
 
Ethics approval and consent to participate 
 
The study was approved by the National Ethics Committee for 
Health Research of Senegal. Before patients were enrolled in the 
study sites, benefits and any perceived risks were explained to all 
participants in French or local languages. Informed consent for 
adults or guardians consent for children less than 18 years old were 
obtained before participant recruitment and sample collection. 
 
 
Study sites and period 
 
This is an observational surveillance study carried out in febrile 
patients visiting healthcare facilities in Kedougou and Thies over a 
four-year period (2014-2017), during malaria transmission season 
(Figure 1). Kedougou is an administrative region located in the 
South-East of Senegal at 685 km from Dakar (the capital city). 
There, malaria transmission is high and seasonal from July to 
December; the entomological inoculation rate (EIR) ranges from 20 
to 100 infectious bites per person and per year and malaria 
incidence is higher than 15 malaria cases per 1,000 habitants 
(PNLP, 2015, 2016). Thies is also an administrative region located 
at the west of the country at 70 km from Dakar. Malaria 
transmission in Thies is low with EIR varying from 0 to 20 infections 
bites per person/year and malaria incidence varies from 5 to 15 
malaria cases per 1,000 habitants. The malaria transmission 
seasonality in this area overlaps with the rainy season that takes 
place between September and December (PNLP, 2015, 2016). 
 
 
Sample collection  
 
Three hundred and eighty (380) dried blood spots (DBS) were 
collected on filter paper. Patients met the following criteria: living in 
a 15-km radius of health facilities, having fever (axillary temperature 
≥ 37.5°C) or history of fever in the previous 48 h. Age ranging from 
6 months to 75 years and uncomplicated P. falciparum malaria with 
parasite density ≥ 1000 asexual forms per microliter. Patients who 
presented signs of severe malaria as defined by World Health 
Organization (WHO) and pregnant women were not included 
(WHO, 2000). 

 
 
DNA extraction and PCR genotyping 

 
Parasite deoxyribonucleic acid (DNA) was extracted from filter 
papers using QIAamp DNA Mini kit (Qiagen

®
) following the 

manufacturer's instructions. The polymorphic loci of Pfmsp1 block 2 
(K1, MAD20 and RO33 allelic families) and Pfmsp2 central region 
(IC3D7 and FC27 allelic families) were amplified by nested PCR as 
described in previous studies (Snounou et al., 1999; Mayengue et 
al., 2007) with primers described in Table 1 (Ndiaye et al., 2019). All 
polymerase chain reactions (PCR) were performed in a total volume 
of 25 μl containing: 4 μl PCR master mix (0.2 U/μl Taq Polymerase, 
10 mM deoxyribonucleotide triphosphate), and 10 μM of each 
forward and reverse primer for each gene. In the first round reaction 
(nest 1), 2 μl of genomic DNA was added as a template. In the 
second nested reaction (nest 2), 1 μl of the nest 1 PCR product was 
used as a DNA template. Cycling conditions for primary PCR were 
as follows: initial denaturation at 95°C for 5 min, followed by 35 
cycles of denaturation 94°C for 1 min, annealing at 58°C for 2 min 
and extension 72°C for 2 min; and a final extension was done at 
72°C for 3 min. The cycling  conditions  for  nested PCR were: initial  
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Figure 1. Map of Senegal showing the two malaria study areas (Kedougou 
and Thies).  
Source: http://www.d-maps.com. 

 
 
 

Table 1. Sequences of the primers used to amplify the Pfmsp 1 and Pfmsp 2 genes of P. falciparum isolates. 
 

Amplification/gene Primer name Primer sequence 

Primary PCR     

msp1 
M1-OR 5’-CTA GAA GCT TTA GAA GAT GCA GTA TTG-3’ 

M1-OF 5’-CTT AAA TAG TAT TCT AAT TCA AGT GGA TCA-3’ 

   

msp2 
M2R 5’-ATG AAG GTA ATT AAA ACA TTG TCT ATT ATA-3’ 

M2F 5’-CTT TGT TAC CAT CGG TAC ATT CTT-3’  

   
Secondary PCR     

K1 
M1K1R 5’-AAA TGA AGA AGA AAT TAC TAC AAA AGG TGC-3’ 

M1K1F 5’-GCT TGC ATC AGC TGG AGG GCT TGC ACC AGA-3’ 

   

MAD20 
M1MAD20R 5’-AAA TGA AGG AAC AAG TGG AAC AGC TGT TAC-3’ 

M1MAD20F 5’-ATC TGA AGG ATT TGT ACG TCT TGA ATT ACC-3’ 

   

RO33 
M1RO33R 5’-TAA AGG ATG GAG CAA ATA CTC AAG TTG TTG-3’ 

M1RO33F 5’-CAT CTG AAG GAT TTG CAG CAC CTG GAG ATC-3’ 

   

IC3D7 
M2ICR 5’-AAT ACT AAG AGT GTA GGT GCA TATGCT CCA-3’ 

M2ICF 5’-TTT TAT TTG GTG CAT TGC CAG AAC TTG AAC-3’      

   

FC27 

  

M2FCR 5’-AGA AGT ATG GCA GAA AGT AAC CCT TCT ACT-3’ 

M2FCF 5’-GAT TGT AAT TCG GGG GAT TCA GTT TGT TCG-3’ 
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Table 2. Samples origin according to the year of collection. 
 

Year/Site Kedougou (n) Thies (n) Total 

2014 50 30 80 

2015 50 50 100 

2016 50 50 100 

2017 50 50 100 

Total  200 180 380 

 
 
 

Table 3. Evolution of allelic distribution of Pfmsp1 gene and multiclonal infections of P.falciparum in Kedougou and Thies from 2014 
to 2017. 
 

Years 2014  2015  2016  2017 

Localities Kedougou Thies  Kedougou Thies  Kedougou Thies  Kedougou Thies 

Allelic families   n (%) 

n 50   30  49  41   47  50   50  48  

K1 18 (36) 21 (70)  13 (27) 25 (61)  16 (34) 29 (58)  15 (30) 27 (56) 

MAD20 11 (22) 0  10 (21) 2 (5)  10 (21) 2 (4)  12 (24) 3 (6) 

RO33 3 (6) 4 (13)  3 (6) 4 (10)  1 (2) 7 (14)  1 (2) 8 (17) 

K1+MAD20 2 (4) 2 (7)  9 (18) 2 (5)  12 (26) 5 (10)  8 (16) 2 (4) 

K1+ RO33 5 (10) 3 (10)  4 (8) 7 (17)  3 (6) 7 (14)  6 (12) 5 (11) 

MAD20+RO33 3 (6) 0 (0)  4 (8) 1 (2)  0 (0) 0 (0)  1 (2) 3 (6) 

K1+MAD20+RO33 8 (16) 0 (0)  6 (12) 0 (0)  5 (11) 0 (0)  7 (14) 0 (0) 

Total K1 33 (66) 26 (87)  32 (65) 34 (83)  39 (83) 41 (82)  26 (52) 34 (71) 

Total MAD20 24 (48) 2 (7)  29 (59) 5 (12)  30 (64) 7 (14)  28 (56) 14 (29) 

Total RO33 18 (36) 7 (23)  17 (35) 12 (29)  12 (26) 17 (34)  15 (30) 11 (23) 

Multiclonal isolates 18 (36) 5 (17)  23 (47) 10 (24)  23 (43) 12 (24)  22 (44) 10 (21) 
 

n: Number of isolates.  

 
 
 
denaturation at 95°C for 5 min. That followed by 35 cycles of 
denaturation 94°C for 1 min. Annealing 61°C for 2 min, extension 
72°C for 2 min, with a final extension cycle of 72°C for 3 min. 
Positive (3D7 and Dd2) and negative (reagent grade water) controls 
were systematically incorporated in each PCR run. The nested PCR 
products were revealed by electrophoresis on 2% agarose gels 
stained with ethidium bromide and visualized under UV trans-
illumination (VersaDoc

®
, BIORAD, Hercules, USA). The sizes of 

nested PCR products were estimated using 100 bp DNA ladder 
(Promega, Madison, USA). 

 
 
Statistical analysis 

 
Isolates with two or more alleles were considered as multiclonal 
infections and samples with one allele as monoclonal infection. The 
multiplicity of infection (MOI) was calculated by dividing the total 
number of alleles detected for Pfmsp1 and Pfmsp2 genes by the 
total number of samples (Mayengue et al., 2007). Chi

2
 test for trend 

was used to compare the allelic families and multiclonal isolates 
frequencies over the years and Student’s t test from online 
Biostatgv was used to compare MOI over the time. For all statistical 
tests, the significance level was stated if p< 0.05. 

RESULTS  
 
In total, genetic material was obtained from 380 enrolled 
patients from the two localities: 200 in Kedougou and 180 
in Thies (Table 2). From these samples, 96% (365/380) 
for Pfmsp1 gene and 94% (356/380) for Pfmsp2 gene 
were successfully amplified. 
 
 
Genetic polymorphism of Pfmsp1 gene in Kedougou 
and Thies 
 
K1, MAD20 and RO33 allelic families were observed in 
Kedougou and Thies. The frequencies of these three 
allelic families, their dimorphic combinations (K1/MAD20, 
K1/RO33 and MAD20/RO33) as well as trimorphic 
combination (K1/MAD20/RO33) were described in Table 
3. In Kedougou, the highest frequencies of both K1 and 
MAD20 allelic families were observed in 2016, 83% 
(39/47) and  64% (30/47), respectively. In  Thies,  K1 and  
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Table 4. Evolution of allelic distribution of Pfmsp2 gene and multiclonal infections of P.falciparum in Kedougou and Thies from 2014 
to 2017. 
 

Years 2014  2015  2016  2017 

Localities Kedougou Thies  Kedougou Thies  Kedougou Thies  Kedougou Thies 

Allelic families   N (%) 

n 45   30  50   40  48  47   48  48  

IC3D7 23 (51) 16 (54)  26 (52) 22 (55)  26 (54) 29 (62)  28 (58) 30 (63) 

FC27 10 (22) 7 (23)  7 (14) 5 (13)  6 (13) 9 (19)  7 (15) 8 (17) 

IC3D7 + FC27 12 (27) 7 (23)  17 (34) 13 (32)  16 (33) 9 (19)  13 (27) 10 (20) 

Total IC3D7 35 (78) 23 (77)  43 (86) 35 (88)  42 (88) 38 (81)  41 (85) 40 (83) 

Total FC27 22 (49) 14 (47)  24 (48) 18 (45)  22 (46) 18 (38)  20 (42) 18 (38) 

Multiclonal 
isolates 

12 (27) 7 (23) 
 

17 (34) 13 (32) 
 

16 (33) 9 (19) 
 

13 (27) 10 (20) 

 

n: Number of isolates.  

 
 
 
RO33 allelic families were predominant with frequencies 
varying from 71% (34/48) to 87% (26/30) and from 23% 
(7/30) to 34% (17/50), respectively between 2014 and 
2017. The K1 allelic family was significantly predominant 
in Thies than Kedougou (P<0.01) while MAD20 allelic 
family was significantly present in Kedougou than in 
Thies during the study period (P<0.01).  Monoclonal 
infections with K1 allelic family were significantly higher in 
Thies than in Kedougou (P<0.01) with decreasing 
frequencies from 70% (21/30) in 2014 to 56% (27/48) in 
2017. Monoclonal infections due to MAD20 allelic family 
were significantly higher in Kedougou than in Thies 
(P<0.01) and showed an irregular trend over the four 
years (Table 3). Frequencies of multiclonal isolates were 
significantly higher in Kedougou than in Thies (P<0.01) 
from 2014 to 2017. Dimorphic Pfmsp1 allelic combination 
K1/MAD20 was significantly present in Kedougou than 
Thies (P=0.01). Infections due to K1/RO33 and 
MAD20/RO33 associations showed no linear trend in 
Kedougou as well as in Thies between 2014 and 2017. 
Samples carrying the trimorphic combination were 
identified only in Kedougou with frequencies ranging from 
12 to 16% during the four-year study period (Table 3).  
 
 
Genetic polymorphism of Pfmsp2 gene in Kedougou 
and Thies 
 
IC3D7 and FC27 allelic families were identified in 
Kedougou and Thies from 2014 to 2017. The frequencies 
of allelic families and their combinations were illustrated 
in Table 4. The evolution of allelic families of Pfmsp2 
gene was almost similar in Kedougou and Thies all over 
the study period and no significant difference on allelic 
family’s distribution was found between the two areas. 
The IC3D7 allelic family remained the most represented 
allelic  family  and  the  highest  frequencies  (88%)  were 

observed in 2015, in Kedougou as well as in Thies. In 
Kedougou, monoclonal infections with IC3D7 were the 
most predominant with increasing frequency from 51% 
(23/45) in 2014 to 58% (28/48) in 2017 while these 
increased from 53% (16/30) to 63% (30/48) in Thies. 
Frequencies of multiclonal isolates were always higher in 
Kedougou than in Thies. 
 
 
Multiplicity of P. falciparum infection in Kedougou 
and Thies from 2014 to 2017 
 
MOI evolution in Kedougou and Thies over the 4-year of 
study are as shown in Figure 2. The number of Pfmsp1 
and Pfmsp2 alleles per specimen ranged from 1 to 5. The 
same trends of MOI evolution were observed in both 
regions from 2014 to 2017; MOI means increased 
between 2014 and 2015 and decreased progressively 
from 2015 to 2017. However, the MOI means for both 
Pfmsp1 and Pfmsp2 found in Kedougou were higher than 
those found in Thies (1.85 versus 1.66 in 2014, 2.51 vs. 
2.21 in 2015, 1.91 vs. 1.63 in 2016 and 1.7 vs. 1.54 in 
2017). Overall, MOI means varied between both localities 
and showed a significant difference in 2017 only 
(P<0.01). The MOI means of Pfmsp1 loci were 
significantly more important in Kedougou than in Thies 
with 1.7 vs. 1.16 (P<0.01) and 1.66 vs. 1.31 (P=0.031), 
respectively in 2016 and 2017. The MOI means for 
Pfmsp2 gene followed the general MOI distribution but no 
significant difference was observed between Kedougou 
and Thies.   
 
 

DISCUSSION 
 
This study reports analysis temporal evolution of allelic 
polymorphism    of    Pfmsp1   and   Pfmsp2   genes   and  
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Figure 2. Multiplicity of Plasmodium falciparum infection (MOI) means for 
Pfmsp1 gene, Pfmsp2 gene and Pfmsp1 + Pfmsp2 genes in Thies (A) and 
Kedougou (B) from 2014 to 2017. 

 
 
 
multiplicity of P. falciparum infections across Kedougou 
and Thies, two area in Senegal with different malaria 
transmission intensities during four years from 2014 to 
2017. The frequencies of the allelic families of Pfmsp1 
and Pfmsp2 showed a difference within the temporal and 
spatial evolution of P. falciparum genetic diversity and a 
similarity in the MOI means’ evolution in these regions 
over the four years (2014-2017). 

The predominance of the K1 allelic family in the 
Pfmsp1 gene reported in this study suggests the 
adaptability of these strains (or alleles) in these malaria 
endemic areas. Similar results were reported by Yavo et 
al. (2016) in sub-Saharan Africa particularly in Gabon and 
Ivory-Cost, underlining this strong selection of the K1 
allelic family within Pfmsp1 with frequencies of 64.6 and 
56.6% in Ivory Coast and Gabon, respectively. 
Analogous findings were also observed in Mauritania with 
a prevalence of 90% of K1 allelic family (Salem et al., 
2014)  as   well  as   in   Yemen   where  58%  of  isolates 

harbored this allelic family (Al-abd et al., 2013). By 
contrast, a previous study carried out in Pahang, 
Malaysia reported predominance of RO33 allelic family 
with frequency of 80% while K1 was less represented 
(Atroosh et al., 2011). These findings about allelic 
polymorphism of Pfmsp1 gene could show different 
distributions in various geographical locations in malaria 
endemic areas (Mwingira et al., 2011). This observation 
on the difference on allelic diversity distribution of Pfmsp1 
between different geographic regions has been reported 
between the Southeast regions and one Western state of 
Myanmar (Soe et al., 2017). Accordingly, we found some 
significant associations between allelic diversity of 
Pfmsp1 and endemicity of areas. The high prevalence of 
MAD20 allelic family in the parasite population, Southeast 
of Senegal was previously in 2013 (Niang et al., 2017). 
These authors showed that MAD20 allelic family was 
associated with the highest parasitaemia (Agyeman-Budu 
et al.,  2013;  Niang  et  al.,  2017)  and  could  explain  its  



 

 

 
 
 
 
strong presence in this area where malaria transmission 
remains active over the time (PNLP, 2016). For Pfmsp2, 
overall, there was a lack of major differences of 
distribution of allelic families; IC3D7 was predominant in 
Kedougou as well as in Thies between 2014 and 2017. 
Previous studies carried out in Kedougou (Niang et al., 
2017) and in Ghana in 2013 showed that IC3D7 strains 
were about 4, outnumbered the FC27 strains throughout 
the year (Agyeman-Budu et al., 2013). It is known that 
FC27 allelic type has been shown to be more prevalent in 
asymptomatic rather than symptomatic Plasmodium 
carrier individuals (Oyedeji et al., 2013), suggesting a 
lower risk to find a high prevalence of this allelic family in 
studies carried out on symptomatic patients in the field 
(A-Elbasit et al.,  2007; Amodu et al., 2008). 

Overall, allelic diversity of the Pfmsp1 gene appears to 
be more affected by malaria transmission intensity 
because in this study, we found significant differences in 
allelic distribution between the two studies areas over 
time and this was not observed for the Pfmsp2 gene. 
Indeed, it was reported that Pfmsp1 gene is more likely to 
be involved in malaria symptomatology by participating in 
erythrocyte invasion and immune evasion (Ogutu et al., 
2009; Moss et al., 2012) and this situation could 
explained the difference found in areas with different 
malaria transmission level. 

The higher predominance of multiclonal isolates are in 
Kedougou (high malaria transmission area) compared to 
Thies (low malaria transmission area). This was 
consistent with previous studies which identified a high 
number of multiclonal isolates in high malaria 
transmission areas (Yavo et al., 2016; Niang et al., 2017) 
suggesting that clonality of infection could increase with 
higher malaria transmission intensity (Anderson et al., 
2000). The relatively higher MOI means for msp genes 
(Pfmsp1 and Pfmsp2) observed in Kedougou is 
consistent with a previous study comparing the clonality 
of malaria infection in two areas with different malaria 
endemicity (Grande Comore, meso-hyperendemic and 
Thies, hypoendemic area in Senegal) (Papa Mze et al., 
2015).  

However, previous studies stipulated that high MOI is 
common to malaria hyperendemic areas (Ghanchi et al., 
2010; Mawili-Mboumba et al., 2015) and directly linked 
with malaria transmission intensity (Anderson et al., 
2000; Agyeman-Budu et al., 2013). This suggests to 
reconsider the endemicity level in Thies (reported as 
hypoendemic area), given the rapid and dramatic 
increase of malaria incidence since 2012 in this region. 
The similarity of MOI evolution between Kedougou and 
Thies is probably due to the high rainfall recorded in this 
country during this year (574.5 mm in Thies and 1576.7 
mm in Kedougou) compared to other years of studies 
(PNLP, 2017).  

These results are consistent with the trend evolution of 
malaria morbidity and mortality in Senegal between  2014  
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and 2017 (PNLP, 2016, 2017) suggesting a uniform 
coverage of malaria controls such as the mass distribution 
of insecticide-treated bednets and rapid malaria 
diagnosis with appropriate treatment (PNLP, 2016) in the 
country. These overall results found in these both 
localities with different endemicities could insinuate an 
efficiency of intensive intervention to control malaria, 
resulting in slow decline of malaria transmission in these 
regions and continual surveillance of MOI could be a 
good monitor tool of malaria transmission. 

As shown, Pfmsp1 and Pfmsp2 genes are robust 
polymorphism markers and can be used successfully to 
characterize genetic P. falciparum strains populations 
(Salem et al., 2014; Kateera et al., 2016; Yavo et al., 
2016; Niang et al., 2017; Chen et al., 2018; Metoh et al., 
2020). However, there is a limitation as the challenge to 
distinguish allelic variants presenting similar fragment 
size during agarose gel electrophoresis migration could 
underestimate the P. falciparum genetic diversity 
(Cattamanchi et al., 2003; Mwingira et al., 2011). 
 
 

Conclusion 
 

The genetic diversity of P. falciparum parasites and MOI 
can impact malaria transmission and malaria control 
strategies. Therefore, it is important to monitor the 
genetic diversity of parasites in endemic areas such as 
Kedougou and Thies. Indeed, the frequencies of the 
allelic families of Pfmsp1 and Pfmsp2 reported by our 
study showed a difference within the temporal and spatial 
evolution of P. falciparum genetic diversity from 
Kedougou to Thies regions of Senegal between 2014 and 
2017. Our findings also showed similarity of MOI 
evolution from isolates collected in Kedougou and Thies, 
respectively in a high and a low malaria transmission 
region from 2014 to 2017. This underlines a uniform 
efficiency strategy introduced by NMCP within Senegal 
since 2006. However, the high MOI revealed by our study 
indicated that malaria transmission remains high in both 
areas despite the massive scale-up of malaria 
interventions. Thus, to achieve malaria elimination, the 
NMCP should make a continual surveillance of MOI 
which is a robust malaria transmission indicator, in 
sentinels’ sites in order to monitor the trend of malaria 
transmission within Senegal. Therefore, additional 
studies including parasites population dynamics, MOI 
estimation and immune status of P. falciparum-infected 
individuals from isolates collected in different regions of 
Senegal could more elucidate malaria transmission 
dynamics of P. falciparum in Senegal as well as to be 
useful to guide malaria interventions. 
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