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Abstract

Background: Malaria control and elimination strategies are based on levels of transmission that are usually deter-
mined by data collected from health facilities. In endemic areas, asymptomatic Plasmodium infection is thought to
represent the majority of infections, though they are not diagnosed nor treated. Therefore, there might be an under-
estimation of the malaria reservoir, resulting in inadequate control strategies. In addition, these untreated asymp-
tomatic Plasmodium infections maintain transmission, making it difficult or impossible to reach malaria elimination
goals. Thus, the aim of this study was to determine the prevalence of asymptomatic Plasmodium infections in south-
eastern Senegal.

Methods: A cross sectional study was conducted among asymptomatic individuals (N=122) living in the village of
Andiel located in Bandafassi, Kédougou, which consisted of about 200 inhabitants during the malaria transmission
season in late October 2019. For each individual without malaria-related symptoms and who consented to partici-
pate, a rapid diagnostic test (RDT) was performed in the field. Results were confirmed in the laboratory with photo-
induced electron transfer (PET-PCR).

Results: Malaria prevalence was 70.3% by PET-PCR and 41.8% by RDT. During the same period, the health post of the
area reported 49. 1% test positivity rate by RDT. The majority of the infected study population, 92.9%, was infected
with a single species and 7.1% had two or three species of Plasmodium. Plasmodium falciparum was predominant
and represented 90.2% of the infections, while 6.5% were due to Plasmodium ovale and 3.3% to Plasmodium malariae.
59.4% of children targeted for SMC (zero to ten years old) were infected.

Conclusion: In southeastern Senegal, where the transmission is the highest, malaria control strategies should
address asymptomatic Plasmodium infections at the community level. The results suggest that this area could be
eligible for mass drug administration. Moreover, non-falciparum species could be more common and its prevalence
should be determined countrywide.
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Background

Malaria is an endemic parasitic disease, with an esti-
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384,000 deaths. Although malaria burden declined in
sub-Saharan African from 2000 to 2019, there is slower
progress in both cases and deaths since 2014 [1]. In
Senegal, malaria is endemic, with 354,708 reported
symptomatic cases in 2019 in health facilities. Three
regions in southeastern Senegal recorded 81% of all
cases and 39% of the total mortality [2]. Malaria cases
are reported in the health facilities among patients
seeking care; however, many Plasmodium infections
are not detected as in endemic areas individuals can
carry the Plasmodium parasites without any symp-
toms. There is overwhelming evidence indicating that
a significant proportion of Plasmodium infections are
asymptomatic in endemic areas. It has been shown that
over 25% of individuals in sub-Saharan Africa (Cam-
eroon, The Gambia, Mali and Senegal) presented sub-
microscopic gametocytes and were capable of infecting
mosquitoes [3]. Likewise, in Laos, 20% (175/888) of the
seemingly healthy individuals were found to be infected
with Plasmodium species [4]. These asymptomatically
infected persons thus do not seek treatment, remain
infected, and serve as reservoirs for the duration of par-
asite carriage, maintaining malaria transmission [5].

Asymptomatic Plasmodium infections are a serious
threat to elimination and should be addressed by the
National Malaria Control Programmes in their policy
implementation for malaria elimination. In endemic
areas, the parasite density among subjects with asymp-
tomatic Plasmodium infections is usually low, and gen-
erally not detected by classical methods, such as rapid
diagnostic test (RDT) and light microscopy, which have
low sensitivity compared to molecular techniques [6].

In Senegal, Plasmodium falciparum is the primary
species responsible for malaria, but the prevalence of
other species of Plasmodium remains unknown. How-
ever, in the context of malaria elimination, the preva-
lence of other Plasmodium species that may cause
asymptomatic Plasmodium infections with low density
infection or relapses must be determined. The circu-
lation of non-falciparum species has been previously
reported in Senegal; Plasmodium ovale and Plasmo-
dium malariae have been found in Dakar and Kedou-
gou [7-9], as well as the circulation of Plasmodium
vivax in southeast Senegal [10]. However, data on non-
falciparum species is sparse and the circulation of P
vivax is debated.

Asymptomatic Plasmodium spp. infections are usually
not diagnosed as people are not likely to seek care in the
absence of symptoms. In remote villages of high trans-
mission zones, such as southeastern Senegal, asympto-
matic Plasmodium infections may be more prevalent
than symptomatic malaria cases detected in the health
facilities. The aim of this study was to investigate the
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prevalence of asymptomatic Plasmodium infections in
the village of Andiel in Kédougou, southeastern Senegal.

Methods

Study design

The study was a cross-sectional survey. In the village,
after sensitization of the community by the local health
team and community leaders, the inhabitants were asked
if they were experiencing symptoms related to malaria;
if the answer was negative, they were invited to partici-
pate in the study. Consenting participants who met the
inclusion criteria received a malaria rapid diagnostic test
using the CareStart" Malaria Pf/Pan, (Accessbio, USA)
and blood was collected from the finger prick and spot-
ted on filter paper to create a dried blood spot (DBS), and
stored at room temperature. All samples were tested with
PET-PCR at the laboratory for confirmation and Plasmo-
dium species identification. Non-consenting individu-
als or those with symptoms were referred to the HCP
serving the village for a malaria rapid diagnostic test. All
residents with a positive test received first line treatment
according to the National Malaria Control Programme
(NMCP) policy. Data from the health post of Banda-
fassi which oversees Andiel village was collected through
the NMCP database. The study was approved by the
ethical committee of the Ministry of Health of Senegal
(00000171/MSAS/DPRS/CNERS).

Setting

The study was conducted in the region of Kédougou. It
is bordered on the west by the hills of Bassari country
and Mount Assirik, which dominates the Niokolo-Koba
National Park. Kédougou is one of the wettest regions in
the country, with at least 1300 mm of rainfall/year. The
rainy season lasts about six months, from May to Octo-
ber, followed by a long dry season. However, this rainfall
is characterized by great spatio-temporal variability, the
months of August and September being the rainiest [11].
Temperatures are generally high, with maximums rang-
ing from 34 to 42 °C and minima from 21 to 25 °C. The
study was conducted in the village of Andiel (12.5435895,
—12.3686038), the precinct (or borough) of Bandafassi,
in the region of Kédougou in southeastern Senegal.
Andiel is located 12 km from the health post of Banda-
fassi on which it depends and around 30 km from Kédou-
gou, the district seat. There is no paved road to Andiel
and no transport vehicles. The village is in a mountainous
area, and while vehicles can access the Peulh village of
Landieny at the bottom of the mountain, Andiel can only
be reached on foot through the mountains. Because of
this difficulty of access, visits to the health post are infre-
quent, and traditional medicine use is common. Andiel
has around 200 inhabitants of the Bedik ethnicity who
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live in the mountains in small communities, preserving
their ancestral way of life. Malaria is hyperendemic, with
transmission starting in May—June up to December-Jan-
uary. Three Plasmodium species, P. falciparum, P. ovale,
P. malariae, have been reported in the region and P. fal-
ciparum is the predominant species [7]. Since 2013, chil-
dren in the region of Kédougou aged zero to ten years old
have received seasonal malaria chemoprevention (SMC)
from July to October (4 months). Home base manage-
ment of malaria (HBMM) was started in the region since
2010 and the village of Andiel has one home care pro-
vider (HCP).

The study was carried out on apparently healthy par-
ticipants in the village of Andiel during the malaria
transmission season at the end of October 2019. Date of
sampling and demographic data such as age and sex were
collected for participants who were enrolled in the study.
No information related to test result or epidemiological
data were collected for non-consenting inhabitants and
individuals with symptoms.

Participants

All residents older than 6 months who did not present
any malaria-related symptoms such as fever or history of
fever, headaches, nauseas vomiting, aches and pains were
eligible. Residents who presented symptoms consistent
with malaria or reported being treated for malaria the
last two weeks were ineligible.

Laboratory investigation

The RDT used was the CareStart" Malaria Pf/Pan,
Accessbio. This two-band RDT detects the P. falciparum
histidine rich protein 2 (PfHRP2) specific to P, falciparum
and pan-Plasmodium parasite lactate dehydrogenase
(p-LDH). This allows the RDT to distinguish P. falcipa-
rum from the other Plasmodium species in mono-infec-
tions or in mixed infections.

Molecular characterization of Plasmodium species was
also performed for all samples using the photo-induced
electron transfer (PET)-PCR assay [12] on a Roche Light-
Cycler 96 instrument (Roche Molecular Systems, Inc).
Each experimental run included both a negative (no tem-
plate) and a positive (3D7 P. falciparum strain) control.
Samples with a cycle threshold (CT) of 40 or less were
scored as positive [12, 13]. The specificities of the P,
malariae, P. vivax, and P. ovale was performed in a 20 ml
reaction containing 2X TaqMan Environmental Master-
Mix 2.0 (Applied BioSystems), 250 nM each forward and
reverse primer, and 5 pl of DNA template. All reactions
were performed in a total volume of 20 pl containing: 5 ul
of DNA, 10 pl of 2X ABI TagMan buffer and 250 uM of
each forward and reverse primers. The reactions were
performed under the following cycling parameters: initial
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hot-start at 95 °C for 15 min, followed by 45 cycles of
denaturation at 95 °C for 20 s and annealing at 60 °C for
40s.

Malaria incidence in the health post of Bandafassi

The health post of Bandafassi oversees twenty (20) vil-
lages, including Andiel, for a total of 7944 inhabitants.
The number of malaria cases reported by the health post
of Bandafassi which oversees Andiel village was obtained
through the NMCP database (Data are aggregated, and
not reported at the village level, thus data specific to
Andiel were not available). Malaria cases were diagnosed
among patients seeking care at the health post and who
presented fever during the consultation or a history of
fever during the preceding 48 h, using SD Bioline Malaria
antigen Pf® RDT. The test positivity rate was calculated
for all the patients attending the health post (general pop-
ulation) and for specific groups of patients (<5 years old,
children aged between 5 to 10 years old, patients older
than 10 years excluding pregnant patients and pregnant
women) during the malaria transmission season (from
July to December).

Statistical analysis

Data were collected into Excel and analyzed. Statisti-
cal analysis was performed using GraphPad prism ver-
sion 5.01. Differences were considered significant with
a p-value<0.05. The non-parametric Mann—Whitney U
test was used to calculate the p-value.

Definitions

In this manuscript “symptomatic malaria cases” was used
strictly for symptomatic malaria episodes, “asymptomatic
Plasmodium infections” for infected individuals who did
not present any symptoms and “Plasmodium infections”
when referring to all infections (clinical and asympto-
matic together). “Participants” was used for the indi-
viduals without malaria symptoms and who consented
to participate in the study. Data were not collected from
people with symptoms consistent with malaria. Asymp-
tomatic Plasmodium infection was defined as the absence
of fever or history of fever, headaches, nausea, vomiting,
or aches and pains, with a positive biological malaria test
(RDT or PCR).

Results

Demographics

The village of Andiel is composed of approximately
200 inhabitants, among whom one hundred twenty-
two (122) met the inclusion criteria and were enrolled.
Twenty-six (26) individuals did not present any
malaria related symptoms, but did not consent for the
study. Fifty-two (52) of the inhabitants did not meet
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the inclusion criteria: thirteen (13) reported malaria
treatment during the two weeks before the study, nine-
teen (19) presented malaria related symptoms, and
twenty (20) were not present during the period of the
study (Fig. 1).

Among the 122 asymptomatic subjects included in
this study, 54.9% (67) were female and 45.1% (55) were
male. The participants’ ages ranged from 11 months to
90 years with the mean (SD) of 27.2 (22.69) years and
a median of 19 years (Q1-Q3: 10-43). Age distribu-
tion is summarized in Table 1. Children between 0 to
4 years old represented 9.8% (12), 5 to 9 years made
up 14.8% (18); 10 to 14 years made up 17.2% (21) and
individuals 15 years and older represented 58.2% (71).
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Malaria prevalence

RDT was performed for all the 122 participants at the
community level in the village; 121 samples were tested
using PET-PCR in the laboratory (there was one missing
sample). The prevalence of malaria was by PET-PCR was
70.2% (95% CI 29.2-53.9) and by RDT was 41.0% (95% CI
54.4—-86.6).

Evaluation of the diagnostic performance of the RDT

The PET-PCR and RDT were both positive in 33.9% (41)
of samples and both negative in 22.3% (27) of samples,
while 7.4% (9) were positive by RDT and negative by
PET-PCR, and 36.4% (44) were detected with the PET-
PCR but not RDT. The Ct for the samples detected by
PET-PCR but negative with the Pan/RDT were higher
than the Ct for the samples positive for both techniques

~N
Met inclusion criteria: ( )

Absence of malaria symptoms: -RDTin the field (treatment
o . ’ f positi
chills, Fever, history of fever, of positive cases)
headaches, soreness - Collection of dried blood
- Consented spots samples

p ¢ - Collection of epidemiological
crresen information

(N=122) \ )
J

If presence of symptoms,

Kedougou/ Bandafassi: )
Village of Andiel

Presence of symptoms

referred to home care provider /
RDT for diagnosis and treatment

(N=200)

(N=19)

weeks
(N=13)

[ Malaria treatment the last two )

Did not consent

(N= 26)

Not present
(N=20)

if the RDT was positive

Fig. 1 Flowchart of participant recruitment

Table 1 Demographic characteristics of the study population

Age group Proportion of the study population by age group  Sex
(%) (N=122)
Female (%) (N=67) Male (%) (N=55)
0-4 years 9.8(12) 4.9 (06) 4.9 (06)
5-9 years 14.6 (18) 11.5(14) 3.2(04)
10-14 years 17.2(21) 820 (10) 9(11)
> 15 years 582 (71) 30.3(37) 27.9 (34)
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(Fig. 2), and the difference was statistically significant
(Mann-Withney U, p- value=0.001).

Malaria detection and age

There was no statistical difference between age group
detection tests (Mann—Whitney U, p-value=0.07),
though the sample size was small. Among the children
aged O to ten years old (N=32), who were targeted for
SMC, 53.1% (N=17) had asymptomatic Plasmodium
infection by PET-PCR.
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Fig. 2 Ct comparison of the samples that were positive with PET-PCR
and negative with RDT
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Plasmodium species and mixed infections

Plasmodium species and prevalence of mixed infection
were determined using PET-PCR. Among positive sam-
ples (85), single infections (caused by one Plasmodium
species) represented 92.9% (77 P. falciparum, 1 P. malar-
iae, 1 P. ovale), while 7.1% were mixed infections (5 P
falciparum+P. ovale and 1 P. falciparum + P. malariae).
Plasmodium vivax was not detected.

The RDT identified P falciparum bands in 94.1%
(48/51) of the RDT positive samples, and P. falciparum
and pan bands, suggesting the presence of non-falcipa-
rum species, in 5.9% (3/51 samples). Among the three
samples with positive pan bands on RDT, two were
mixed infections with P. falciparum and P. ovale and one
was a P, falciparum single infection. Conversely, one P
malariae infection, one P ovale infection, one mixed P
falciparum + P. malariae infection, and two mixed P, fal-
ciparum+ P. ovale infection were not detected by RDT.

Symptomatic confirmed malaria at the Bandafassi health
post

The test positivity rate (TPR) at the health post of Banda-
fassi using RDT (SD Bioline Malaria antigen Pf® RDT)
was determined during the transmission season at the
same period (October) and was 40.7% (598/1468). While
children 3 months to 10 years are targeted for SMC, the
TPR from July to December 2019 among patients with
febrile illness who attended the health post and received
an RDT was lowest among children under five years old,
while children aged 5 to 10 years had a TPR more compa-
rable to older age groups during the same period (Fig. 3).
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October November December

> 10 years Pregnant women

Fig. 3 Malaria test positivity rate at Bandafassi health post by age group, July-December
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During the month of October in which the samples
were collected in the village of Andiel, the TPR in the
health facility of Bandafassi was 24.1%, 65.8%, 50.4%,
respectively, among children under five, children aged 5
to 9 years and patients aged 10 or more years (excluding
pregnant women, as this group was not represented in
our participants) (Table 2).

Discussion

This community-based study conducted in southeast
Senegal reports the prevalence of asymptomatic Plas-
modium infection in a remote, high burden village.
The results showed a prevalence of 70.3% by PET-PCR
and 41.8% by Pan/RDT. During the same month, a test
positivity rate (proportion of clinically ill patients who
received a malaria test who tested positive) of 49.1% was
recorded at the health post of Bandafassi using PfHRP2
RDT. The high Ct value of samples detected by PET-PCR
but not by RDT (with a statistically significant difference)
suggests that the parasite density is low for those sam-
ples. The low detection of asymptomatic Plasmodium
infections by Pan/RDT compared to PET-PCR shows the
importance of utilizing sensitive techniques such as real
time PCR for malaria diagnosis during surveys.

Overall, 53.1% of children up to ten years old, the age
group targeted for seasonal malaria chemoprevention,
were infected with Plasmodium by PET-PCR. While the
highest proportion and overall numbers of asymptomatic
Plasmodium infection were detected by PET-PCR were
in those 10 years and older, asymptomatic malaria infec-
tion remained startlingly high among those targeted for
SMC, particularly among children 5-9 years old. Simi-
larly, the test positivity rate at the health post was highest
among children 5-9 years of age. This finding is concern-
ing for the effectiveness of SMC not only in Andiel, but
among children in this catchment zone, whether due to
lower uptake, declining efficacy, or lower coverage of co-
interventions, such as bed net use.

Although P, falciparum was the main species identified,
P ovale and P. malariae were detected mostly as mixed
infections with P. falciparum, which have been reported
in several regions of the country [7-10, 14] as well as in
other African countries [15-17]. While, P falciparum
is predominant in sub-Saharan Africa, more attention
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should be given to the other species as their prevalence
often becomes higher when the prevalence of P falci-
parum decreases [18]. Moreover, the infections due the
non-falciparum species are generally characterized by
low parasite density and are usually asymptomatic. Plas-
modium vivax was not identified in this study, however,
some studies in Senegal have reported its presence in
some parts of the country [7, 10]. In addition, a study has
found serological markers (PvMSP1-19) of its circulation
in the north and the centre of the country, but not in the
South where this study was conducted [19]. More inves-
tigations are needed across the country to provide solid
evidence of P, vivax circulation.

There were several important limitations to this study.
It was conducted in a small village, and as such the find-
ings are not representative and cannot be generalized.
Non-inclusion of symptomatic malaria cases during
the sampling at the community makes it impossible to
directly compare to data from the health facility. It was
also a missed opportunity to collect information about
bed net availability and use and SMC coverage, which
might have further illuminated the results.

However, this study gives important information about
the frequency of asymptomatic Plasmodium infection
in a high transmission setting, the discrepancy between
PET-PCR and RDT-based parasite prevalence, which
suggests that parasite prevalence may be higher in other
regions of the country than currently thought. Molecular
techniques such as PET-PCR should be integrated into
cross sectional surveys in order to obtain a more accu-
rate understanding of parasite prevalence and species
differentiation.

Conclusion

The high prevalence of asymptomatic malaria observed
in this study suggests that malaria control strategies
should address asymptomatic Plasmodium infections at
the community level. Therefore, it becomes necessary to
put in place a surveillance strategy for these infections
that can serve as a reservoir for malaria transmission
in a country such as Senegal, which is working towards
malaria elimination in 2030. In Senegal, malaria surveil-
lance became an intervention in low transmission set-
tings, however it should be extended to the intermediate

Table 2 Comparison of malaria test positivity rate in the health post of Bandafassi and the village of Andiel during the month of

October

Age Bandafassi health post test positivity rate Andiel RDT prevalence Andiel PET-PCR prevalence
0-4 years 24.1% (7/29) 95% Cl [3-13] 25.0% (3/12) 95% CI [1-7] 41.7% (5/12) 95% Cl [2-9]
5-10 years 65.8% (27/41) 95% Cl [20-33] 50.0% (10/20) 95% CI [5-15] 60.0% (12/20) CI [7-16]

> 10 years 50.4% (115/228) CI [100-130]

32.6% (30/92) 95% Cl [21-40] 73.9% (68/92) 95% CI [59-76]
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and high transmission areas such as Kédougou. The prev-
alence of non-falciparum species should be monitored
nationally as these will become relatively more prevalent
as P, falciparum decreases.
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