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Abstract

Background In Senegalese high-burden regions, the existing package of interventions is insufficient to reach

the malaria elimination goal. Asymptomatic carriers of Plasmodium contribute significantly to malaria persistence
and are not targeted by current interventions. The systematic treatment of all individuals in a community (mass drug
administration, MDA) is a relevant intervention to tackle asymptomatic infections. The intervention can only be effec-
tive with a high participation of the population and, therefore, depends largely on its acceptability. This study aims
to investigate the prospective acceptability of MDA in the Kedougou region to inform its potential use in a future
strategy.

Methods Following a 7-construct theoretical framework, prospective acceptability of MDA implemented in the rainy
season was studied. In four villages, a sequential mixed design, from qualitative to quantitative, was used. In Novem-
ber 2021, interviews with healthcare professionals and focus groups with villagers were conducted. Findings from the-
matic analysis informed the development of a questionnaire administered to individuals aged > 15 years in March
2022. Based on the questionnaire, an acceptability score was constructed and associations with socio-demographic
factors were investigated using a linear mixed model.

Results The 7 interviews, the 12 focus groups, and the questionnaire administered to 289 individuals demonstrated
a good acceptability of MDA. Two potential barriers were identified: the contradiction of taking a medication with-
out feeling sick and the occurrence of side effects; and four facilitators: the perception of malaria as a burden, a good
understanding of MDA, a good perceived effectiveness, and the resulting economic benefits. The average accept-
ability score was 3.5 (range from -7 to+ 7). Young adults aged 15 to 21 had a lower acceptability score compared

to the other age groups, indicating an additional barrier to acceptability (3=-0.78 [-1.67,0.1]).

Conclusion MDA is a priori acceptable to communities of Kedougou region in Senegal. Sensitization campaigns co-
constructed with the communities, especially targeting young adults, are essential to ensure good acceptability.

Keywords Asymptomatic malaria, Mass drug administration, Prospective acceptability, Mixed method

Valéry Ridde and Jordi Landier have contributed equally to this work.

*Correspondence:

Eva Legendre

evalegendre25@hotmail fr

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12936-024-05078-8&domain=pdf

Legendre et al. Malaria Journal (2024) 23:279

Background

In the last decades, Senegal made significant efforts to
fight Plasmodium falciparum malaria, which remains a
significant source of disease burden in three regions of
the country [1, 2]. The strategy includes vector control
and the use of rapid diagnostic tests (RDTs) and effective
artemisinin-based combination therapy (i.e., artemether-
lumefantrine) improved diagnosis and treatment, fur-
ther strengthened by its deployment at community level
(home-based case management or PECADOM) [1].
Additionally, seasonal malaria chemoprevention (SMC)
for children under 10 years and intermittent preven-
tive treatment (IPT) for pregnant women aim to pre-
vent severe morbidity and mortality in these high-risk
groups [3]. These interventions led to a 50% reduction in
the mortality rate in a decade (from 4 deaths per 100,000
inhabitants in 2010 to 2 in 2021) [2, 4]. The prevalence
among children under 5 years old decreased from 2.8%
in 2012-2013 to 0.4% in 2017 [5, 6]. As a result, Sene-
gal aims to eliminate malaria in 2030 [3]. Three regions
(Kedougou, Kolda, Tambacounda) account for 80% of
malaria cases, but represent only 11% of the national
population [3]. The existing package of interventions
needs to be reinforced in these three regions, where inci-
dence stabilised in recent years [1, 2].

In Senegal, malaria is seasonal, with a high transmis-
sion period (from July to December in Kedougou) during
the rainy season and a low transmission period during
the dry season [3]. As in other settings, the persistence
of Plasmodium parasites during low transmission sea-
sons relies on asymptomatic carriers [7-11]. Several
factors contribute to the development of asymptomatic
carriage: transmission intensity, parasite (strain, multi-
plication rate), human intra-host (immunity, pyrogenic
thresholds) and behavioural (health-seeking behaviour
and access to healthcare) factors [12]. Asymptomatic car-
riers remain unaddressed by current strategies. Because
they lack acute symptoms and harbour low density infec-
tions, they are rarely tested in routine and field tests are
usually not sensitive enough to detect their infections
(>80% of infections detected by PCR remain undetected
by microscopy or RDT) [13, 14]. Targeting asympto-
matic carriage could contribute to reducing transmission.
Addressing all Plasmodium infections beyond clinical
cases is also a required step in the shift from malaria con-
trol to elimination.

Mass drug administration (MDA) is a possible inter-
vention to treat asymptomatic infections [15]. It consists
in a systematic treatment of all individuals of a commu-
nity, regardless of the presence of malaria symptoms.
MDA has proven effective in reducing malaria transmis-
sion in The Gambia and Myanmar and is recommended
by the World Health Organization (WHO) to accelerate
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malaria elimination in low transmission settings [15-18].
The Senegalese National Malaria Control Programme
considers implementing MDA in moderate to low preva-
lence regions, including Kedougou. A cluster randomised
controlled trial was conducted in 2021 in Tambacounda
region to evaluate the effectiveness of MDA to reduce
carriage prevalence [19]. However, the effectiveness of
this intervention depends largely on the participation of
the population. A prerequisite is therefore to propose an
acceptable intervention for the community.

Acceptability is a multifaceted construct that reflects
the extent to which people delivering or receiving a
healthcare intervention consider it to be appropriate,
based on anticipated or experiential responses to the
intervention [20]. Acceptability differs from the concept
of adherence, which reflects the extent to which a per-
son’s behaviour corresponds to the recommendations
from a health care provider [21]. MDA acceptability var-
ies across locations due to socio-cultural factors, beliefs,
or experiences with the disease [22-25]. The aim of this
study was to assess the prospective acceptability of MDA
(i.e., without prior experience of the intervention) in the
Kedougou region of Senegal.

Methods

Context of the study

The Kedougou region, in South Eastern Senegal, car-
ries the largest malaria burden in the country (Fig. 1)
[2, 3]. The acceptability study was nested within the
MARS (Malaria Asymptomatic Reservoir in Sahel)
cohort, which aimed to describe the reservoir of asymp-
tomatic P, falciparum infections during the 2021-2022
epidemiological year (from 13 April 2021 to 30 March
2022). In Senegal, the MARS cohort was conducted in
four villages (Baraboye, Hamady Herry, Ibel and Thi-
abedji), which presented high malaria incidence and
active, motivated community health workers. They also
presented different levels of accessibility to roads and to
healthcare facilities and hosted diverse ethnic groups
(Fulani or Malinke). The primary source of income in
these villages is agriculture, mainly maize, cotton, or
millet cultivation.

Description of the theoretical intervention: MDA in rainy
season

The acceptability of a potential MDA intervention, which
would be implemented during the rainy season, was
studied. The season during which MDA is implemented
defines its characteristics (aim, number of rounds, period
of activity), which may influence its acceptability. The
rainy season was chosen over the dry season because it
coincided with the high transmission period and aligned
with the protocol proposed by the randomized clinical
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Fig. 1 Study area in Kedougou region in Senegal. Sources: Geo Senegal Database 2023, Google Earth 2023 [51]. Author: EL

trial in Tambacounda [19]. Recent MDA studies usu-
ally relied on dihydroartemisinin-piperaquine (DP) anti-
malarial treatments, which involved a daily oral dose over
three days and provided a prophylactic effect for one
month [16, 17, 26]. Typical adverse event observed dur-
ing DP-based MDA were nausea and vomiting [17, 18].
Implementing MDA during the rainy season requires
conducting multiple monthly rounds to ensure that par-
ticipants benefit from the prophylactic effect throughout
the entire high transmission season [17]. In the following

text, "MDA" will refer to the intervention involving
monthly rounds of 3-day DP administered to the entire
community over the high transmission season.

Study design

A sequential exploratory mixed-methods design from
qualitative (QUAL) to quantitative (QUAN) method
was used (Fig. 2). This article was written following the
guidelines of the Mixed Methods Appraisal Tool [27]. In
the QUAL component, MDA acceptability was studied
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Fig. 2 Sequential exploratory mixed-methods design
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among different subgroups of the population to inform
the development of the QUAN questionnaire. The QUAN
component aimed to measure the overall acceptability of
the intervention in the youth and adult population. To
provide clear information about the rationale and prin-
ciples of the intervention, the questionnaire included
descriptive images improved with QUAL findings.

The theoretical framework of acceptability

The theoretical framework of acceptability of healthcare
interventions of Sekhon et al. was used [20]. This frame-
work defines acceptability by seven constructs, which
were adapted to the study and context: affective attitude,
burden, ethicality, intervention coherence, opportunity
costs, perceived effectiveness, and self-efficacy.

Data collection instruments

MDA acceptability was assessed through focus groups
with different subgroups of the population and inter-
views with healthcare professionals (QUAL). The QUAL
study investigated MDA acceptability by gathering
insights from individuals receiving and implementing
the intervention. Population acceptability was measured
using a QUAN acceptability questionnaire constructed
based on findings from the focus group and interviews
(QUAL — QUAN).

Focus groups

An interview guide for the focus groups was developed
based on the conceptual framework of Sekhon et al. The
focus groups were conducted from 21 to 26 November
2021 (i.e., during the rainy season) in the MARS study
villages. Community health workers recruited partici-
pants using convenience sampling based on their avail-
ability (considering the ongoing harvest season) and
proximity to the meeting location [28]. Villagers included
in the MARS cohort were excluded from participation.
To mitigate power dynamics, focus groups were struc-
tured by gender and age subgroups: male or female adults
(i.e., aged 20 and above) and male or female young adults
(i.e., under 20 years). Three focus groups were conducted
per village: one with adult women, one with adult men
and one with young adults (alternating between men
and women). Each focus group included 10 participants,
resulting in a total of 120 participants. A Senegalese soci-
ologist and an experienced interpreter residing in the
region conducted the focus group in Fula and Malinke.
Audio recordings were made after obtaining oral consent
from all participants.

Interviews
Using a specific interview guide based on the concep-
tual framework of Sekhon et al., seven interviews were
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conducted with healthcare professionals implementing
malaria control strategies (community health workers,
nurses from health posts, malaria control agents). Partici-
pants were selected through convenience sampling based
on their proximity to the study villages. The interviews
took place on 10 and 11 November 2021 in an office pro-
vided by health posts and were conducted in French by a
French epidemiologist. Following oral consent from the
participants, interviews were recorded.

Questionnaire construction

The quantitative questionnaire consisted of closed-ended
questions with responses based on the Likert scale.
Descriptive images and explanatory texts explaining the
rationale and principles of MDA preceded the questions.
The construction of the questionnaire involved four main
steps:

(1) Development of the initial QUAN questionnaire
in French: based on the conceptual framework of
Sekhon et al. and a previous acceptability question-
naire, eight questions were formulated (one for gen-
eral acceptability and one for each construct) [29].
Two images and a short paragraph were created to
explain the concept of asymptomatic carriers and the
principle of MDA.

(2) Improvement of the QUAN questionnaire based
on QUAL findings: during focus groups, descrip-
tive images were first presented, followed by the
explanatory text. The aim was to evaluate image
clarity, consistency with the text, and obtain sugges-
tions for representation improvement. The complete
QUAN questionnaire (closed-ended questions and
descriptive images) was presented during interviews
with healthcare professionals. The questionnaire
was assessed for understandability and acceptability,
and feedback was sought on whether any questions
should be added or removed.

(3) Translation of the questionnaire into Fula and
Malinke: trained research assistants living in the
region translated the questionnaire. A first group
of research assistants (two individuals for each lan-
guage) translated the questionnaire from French to
Fula or Malinke. A second group of research assis-
tants, who only received the Fula or Malinke version,
translated it back to French without prior knowl-
edge of the original French version. Discrepancies
observed allowed for corrections [30].

(4) Questionnaire testing during interviews with
community members: the questionnaire was tested
in two neighbouring villages independent of the
MARS cohort: one Fulani and one Malinke (Fig. 1).
In each village, a trained interviewer fluent in both
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local languages administered the questionnaire face-
to-face, while an observer took notes on the villag-
ers’ reactions and comments. The community health
worker recruited three villagers: a young adult, a
woman and a man. The villagers were asked about
the clarity of the images and questions. This testing
phase allowed to (i) rephrase questions that were not
sufficiently understandable, (ii) remove a question
representing the affective attitude construct that was
not understood, (iii) change the Likert scale from 5 to
3 responses (disagree, don’t know, agree), (iv) reduce
the number of images, and (v) improve the adminis-
tration of the questionnaire.

The final questionnaire consisted of seven closed-
ended questions: one for general acceptability and one
for each construct of the conceptual framework (exclud-
ing affective attitude) (Fig. S1). One image explaining the
principle of MDA accompanied the questions (Fig. S2).

Questionnaire administration

The questionnaire was administered during the dry sea-
son, from 21 to 30 March 2022, to members of house-
holds participating in the MARS cohort. Briefly, these 66
households were randomly selected in April 2021 from
the Bandafassi Demographic and Health Surveillance
System population census [31]. Household members
who provided informed consent were included in the
cohort and had been followed for 12 months at the time
of the acceptability study. Experienced research assis-
tants, fluent in local languages, administered the ques-
tionnaire face-to-face to all participants aged 15 years
and older and staying for>1 night in the household.
Research assistants received training on both accept-
ability questionnaire and theoretical MDA intervention
before administration. There were no exclusion crite-
ria. The questionnaire included acceptability questions
and collected socio-demographic information (age, sex,
education) and household characteristics (construction
materials, access to water, assets). The responses were
collected on paper and then entered into a database by a
trained and experienced operator.

Mobility monitoring

Community health workers conducted weekly house-
hold visits to document participant mobility on paper
registers. Mobility was defined as spending at least one
night away from the household. A trained operator then
entered information into an Excel database.

Clinical malaria cases monitoring
Community health workers documented participants’
clinical malaria cases, confirmed by RDTs, on paper
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registers between April 2021 and March 2022. A trained
operator then entered information into an Excel database.

Analysis

Qualitative analysis

Following transcription of the audio recordings into
French, a thematic content analysis was conducted based
on the seven constructs of the theoretical framework of
acceptability [32]. Focus group and interview analyses
were carried out independently by the sociologist and
the epidemiologist. A subsequent cross-analysis of the
results was performed.

Quantitative analysis

Based on the questionnaire responses, an acceptability
score was constructed: a value of+1 was attributed to
responses in favour of acceptability, 0 to “don’t know” and
-1 to responses against acceptability. The acceptability
score ranged from —7 to+7.

Questionnaire responses were combined with indi-
vidual data from MARS cohort participants: age, gender,
the highest level of education, history of clinical malaria
episodes confirmed by RDT in the last rainy season, and
the mean number of weeks per month spent away from
the village during the last rainy season as an indicator
of mobility. Descriptive data were available to charac-
terize participants’ households, including construction
materials, access to water, and assets. A socio-economic
variable was constructed from these household variables
through hierarchical clustering, preceded by multiple
component analysis [33, 34].

Factors associated with MDA acceptability score were
analysed using a multilevel linear regression model with
random intercepts at village and household levels. Analy-
ses were conducted using R 4.0 and mgcv, FactoMineR
and factoextra packages [35].

Integration of the results

The findings from the QUAL and QUAN components
were listed and compared to identify concordant, dis-
cordant, or specific results to either the QUAN or QUAL
analysis [36, 37].

Ethics and consent to participate

The National Ethics Committee for Health Research
of Senegal approved the protocol of the MARS cohort
study (N°0000052/MSAS/DPRS/CNERS) and a proto-
col amendment detailing the present acceptability study
(N°000187/MSAS/CNERS/SP). Written informed con-
sent was obtained from all participants before their par-
ticipation in any research activity. A literate individual
witnessed each consent. For participants under 18 years
old, we obtained written informed consent from a parent
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or a legal guardian. Oral consent was obtained from all
participants in the focus groups and interviews prior
to their participation, witnessed by community health
workers.

In the context of high malaria burden in Kedougou,
where rumours can impact villagers’ trust and participa-
tion in malaria control interventions, special attention
was given to inform participants that this study focused
on the acceptability of an intervention that had not yet
been planned.

The results of this study were presented to villag-
ers from the four study villages. This dissemination was
done through a workshop organized and facilitated by a
Senegalese sociologist who spoke Fula or with the assis-
tance of an interpreter speaking Malinke. Workshops
were organized according to age and gender (male,
female, <20 years, and >20 years) to facilitate participa-
tion and discussion.

Results
Qualitative findings
According to focus groups with villagers and interviews
with healthcare professionals, MDA during the rainy sea-
son was well accepted. The reasons for this acceptability
can be summarized in Fig. 3 based on their influence
(green =favourable; red =unfavourable).

Villagers exhibited a clear understanding of the prin-
ciple of MDA during the rainy season and the existence
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of asymptomatic carriers. The resonance with their own
personal experiences enhanced this understanding.

“I am going to tell you a story: I was feeling fine,
nothing wrong with me, I went to village S in search
of work and they asked me to take a malaria test
and when I did it, they told me I had malaria, the
result was positive, even though I didn’t have any
symptoms. It's just to show that you can actually
have malaria without showing any signs” — Man,
focus group (FG).

The villagers understood the similarities between
MDA and SMC interventions, which helped to under-
stand MDA principles. They did not confuse the two
interventions: SMC is indicated for children under
10 years old, whereas MDA encompasses all individuals
in the village. MDA can be seen as an “expanded SMC”
to the entire population.

“That’s a really good idea. Before, we used to have
SMC campaigns only for children, forgetting that,
yes, the elderly are also here. Maybe they are the
ones who are asymptomatic carriers and keep
transmitting the disease to the children. And the
fight that you’re undertaking is a good fight. Now
we'll be relieved to hear that, yes, SMC will cover
the entire population and all households” — Man,
FG.

Mass drug administration

Intervention | | Opportuni Perceived -
PP ty . Burden Ethicality
coherence costs effectiveness
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Fig. 3 Acceptability of MDA during the rainy season. (Green line =favourable factor; red line = unfavourable factor)



Legendre et al. Malaria Journal (2024) 23:279

Another factor contributing to high acceptability was
the cost-benefit balance, enhanced by the recogni-
tion of curative and prophylactic benefits of the MDA
treatment.

“[T accept] To avoid getting infected without know-
ing it, when you take the treatment, it can serve as
prevention or treatment if you are infected without
knowing it” — Young woman, FG.

Acute malaria can hinder working, especially physical
farm labour. While diagnosis and treatment of uncom-
plicated malaria is available at community level with free
testing and anti-malarial medicine, expenses related to
treatment of severe cases or transportation to healthcare
facilities remain. The economic gains resulting in partici-
pation in MDA were also perceived as a benefit.

“This is a very good idea, it's a very good strategy. I
believe that during the rainy season, the amount we
spend to treat family members who have malaria is
a colossal expense” — Man, FG.

Having to spend a morning at home instead of going
to the fields to wait for the health worker’s delivery of
anti-malarial treatment was a cost associated with par-
ticipation in MDA. Yet, this cost did not appear to impact
acceptability. The benefits of the anti-malarial treat-
ment, particularly its prophylactic effect, outweighed
this cost, enabling individuals to continue their economic
activities.

“With good sensitization, we are ready to wait for
the health worker on the day of his visit. It is in our
best interest because it will help us protect ourselves
against the disease” — Woman, FG.

The belief that MDA effectively prevents malaria cases
supported the perceived benefits of the intervention. Vil-
lagers observed a decrease in malaria cases among chil-
dren receiving SMC and drew a parallel between SMC
and MDA effectiveness.

“I believe there is an example because since we
started giving medicine to children, we have noticed
that they no longer have malaria, so, this is a clear
example that we should use, based on the effective-
ness of SMC in preventing malaria in children” —
Man, FG.

Despite these facilitating factors, opinions diverged
when considering the entire village population would
participate in MDA. Some participants were confident
that all villagers would participate in the intervention,
while others had a more nuanced opinion and identified
certain categories of people, especially the elderly, who
might be reluctant to participate.
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“Not everyone will accept, the grandfathers for exam-
ple”—Young woman, FG.

Participants mentioned several reasons for refusals.
They underlined the contradiction between taking medi-
cation and not feeling sick.

“No, I won’t accept taking medication without being
sick. (...) Since I'm not sick, I won’t take any medica-
tion. I won’t be motivated to take the medication. -
Young man, FG.

“I think the grandfathers will refuse because they
will believe that they are not sick” - Young woman,
FG

The side effects of anti-malarial treatments could also
limit participation in the intervention. This barrier came
from the villagers’ experiences during SMC.

“Some people will refuse because during the SMC
campaigns, some children took tablets and experi-
enced side effects, such as the child being less active,
feeling sluggish, and having diarrhoea” - Man, FG.

There is a synergistic effect linking the contradiction of
taking medication without obvious malaria symptoms to
the occurrence of side effects due to medication intake.

“Some people will also refuse because they believe
that taking tablets without being sick will make
them vomit. And vomiting will make them sick. -
Woman, FG.

To minimise refusals, participants emphasised the
importance of sensitization to explain the concept of
asymptomatic carriers, the principle of MDA and its ben-
efits. In this context, sensitization referred to commu-
nity mobilisation and education during public meetings
addressed to the entire population.

“It requires sensitization and making people under-
stand that there are asymptomatic carriers who are
present and transmit the disease to others without
knowing. Now, we need to sensitise them to tell them
the importance of the project” - Man, FG.

During interviews, healthcare professionals shared
their personal opinions on the acceptability of MDA for
both themselves and the population. From their profes-
sional perspective, MDA is an acceptable intervention.
Consistent with the findings from focus groups, this
acceptability was due to a good understanding of the
intervention, which was seen as an “expanded SMC” for
the entire population, and a good perceived effectiveness
resulting from previous SMC campaigns. Healthcare pro-
fessionals also believe that implementing MDA would
benefit them by reducing malaria cases in the month fol-
lowing treatment, thereby alleviating their workload.
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“No, it’s not a problem because it’s just one round
during the month. It doesn’t pose much of a prob-
lem because if you've reached everyone, it means
less work for you in terms of malaria cases at the
clinic”’—Healthcare professional, interview (I).

Additionally, taking an anti-malarial drug in the
absence of symptoms was acceptable for healthcare
professionals because of the prophylactic effect.

“lI would accept taking an antimalarial treat-
ment even if I'm not sick.] Yes, if it’s for preven-
tion”—Healthcare professional, I.

When healthcare professionals evaluated the accept-
ability of MDA from the population’s perspective, they
highlighted the economic benefits, consistently with
focus groups findings. They also referred to the heavy
malaria burden in the villages, a highly prevalent dis-
ease, potentially severe or even fatal, causing signifi-
cant suffering among the population.

“Well, I don’t think it will be a problem because
malaria causes a lot, a lot, a lot of damage”—
Healthcare professional, 1.

The occurrence of side effects was also perceived
as a barrier. This burden was emphasized by the cost
associated to the treatments to manage side effects.

“The mother refuses, saying ’If the child gets sick, I
will be the one spending my money. So, I prefer not
to give it to him.”—Healthcare professional, I.

The main barrier to acceptability anticipated by both
the population and healthcare professionals was the
population’s lack of understanding of the intervention’s
principle. Rumours against health interventions could
exacerbate this issue.

“Due to the rumours, some people will see it dif-
ferently. ‘These are not treatments for malaria.
These are treatments provided by them, for this or
that [purpose]. It’s like the corona pandemic [...]
until now, some people doubt the vaccine. Maybe
that will be the problem”—Healthcare profes-
sional, 1.

Like the population, healthcare professionals repeat-
edly suggested sensitization as a solution to overcome
this barrier.

“If people are willing to listen to those who are
semsitising them, with sensitization and communi-
cation, I think it can really satisfy them”—Health-
care professional, I.
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Quantitative results

In March 2022, out of the 637 participants attending the
final MARS cohort visit, 306 individuals were aged 15 or
older. Complete acceptability data was available for 289
individuals (95%) (Fig. 4). Participants had an average age
of 36 years, with a majority of women (57%) (Table 1).
Nearly half of the participants had no formal education
(54%), a quarter completed primary school (23%), and
a fifth completed secondary school (18%). A quarter of
the participants (23%) reported a history of diagnosed
malaria in 2021. Most participants did not travel during
the 2021 rainy season. The households were classified
into four socio-economic profiles (Figs. S3 and S4).

The overall acceptability of MDA was good, with 91%
of participants declaring that they would agree to take
the treatment during the rainy season (Q.1, 91% agreed,
n=266). This acceptability can be attributed to the per-
ceived effectiveness of the intervention (Q.7, 93% agreed,
n=272), the perceived benefits of the intervention dur-
ing the rainy season due to the prophylactic effect of the
treatment (Q.4, 91% agreed, n=266), and the low cost in
terms of time required to participate in the intervention
(Q.5, 88% agreed, n=256). Yet, half of the participants
indicated that they would refuse to participate due to
concerns about side effects (Q.2, 48% agreed, n=144),
and 41% were reluctant to take a treatment without feel-
ing sick (Q.6, 41% agreed, n=134). Lastly, more than half
of the participants were uncertain about the participation
of the entire population in the village (Q.3, 55% declared
“I don’t know”, n=160) (Fig. 5).

The average acceptability score was 3.5 (95% CI [3.1,
3.8], range: —7 to+7). Although the difference was not
significant according to first order risk of 0.05, young
adults aged 15 to 21 had a lower score compared to other
age groups (B=-0.78 [-1.67;0.1]). Acceptability score
was two points lower for women with primary education
(B=-2 [-3.32; —0.75]) compared to women with lower
or higher education achievements and to men. Partici-
pants who had a history of RDT-confirmed malaria dur-
ing the previous rainy season had a 0.66-point higher
acceptability score (95% CI [0.02; 1.31]) compared to
those who did not have malaria. Mobility outside the vil-
lage during the rainy season and the socioeconomic level
of the household were not associated with the acceptabil-
ity score (Table 1).

Integration of QUAL and QUAN findings

The results of both QUAL and QUAN studies sup-
ported MDA acceptability (Table 2). The questionnaire,
developed based on interviews and focus groups, con-
firmed and generalized determinants in favour of accept-
ability: the perceived effectiveness of MDA due to SMC
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Participants in the MARS cohort
in March 2022

N=637

Participants >15 years old
N=306
|

Present participants =15 years
old

N=300
[

Respondents
N=291

Complete questionnaires
N=289

Fig. 4 Flow chart of quantitative acceptability data

experience and the overall benefits, such as prophylaxis,
outweighed time cost. It also highlighted the same bar-
riers as the QUAL study: mixed trust in the participation
of the entire population, the burden of side effects, and
the inconsistency between taking medication and the
absence of symptoms. Of note, two constructs of accept-
ability (affective attitude and intervention coherence)
could only be studied in the QUAL surveys.

The QUAN analysis quantified several factors associ-
ated with lower acceptability, particularly age. The lower
acceptability among young adults aged 15-21 years was
consistent with the focus group findings: young adults
were the only ones expressing clearly their refusal to
participate. The QUAN analysis also identified specific
determinants that were not studied in QUAL, such as the
effect of a history of malaria or women with primary edu-
cation. Finally, while focus groups participants repeatedly
expressed the idea that elderly individuals were likely to
refuse the intervention, elderly participants in the QUAN
study did not present a lower acceptability score com-
pared to the other age groups.

Discussion

This study demonstrated that MDA during the rainy
season was acceptable to the population and healthcare
professionals in Kedougou. The contradiction between
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} Participants <15 years old (N=325)

[ Absent during questionnaire administration (N=6)

I Non-respondents (N=9)

I Incomplete questionnaires (N=2)

taking medication and not feeling sick, and the potential
occurrence of side effects, were the main barriers iden-
tified. The time dedicated to the intervention interfer-
ing with professional activities generating incomes and
domestic work represented a cost for the participants.
Yet, four facilitating factors balanced this cost: (i) the
perception of malaria as a burden and suffering for the
population, (ii) a good understanding of the intervention,
(iil) the good perceived effectiveness of MDA to prevent
malaria, and (iv) the resulting economic benefits due to
reduced healthcare expenses and improved ability to
engage in professional activities due to better health.
Inadequacy with the representation of care has been
identified as a barrier in two prospective acceptabil-
ity studies of MDA in Zambia and Namibia [24, 38].
The occurrence of side effects was frequently observed
as an obstacle to participation, but only in retrospec-
tive acceptability studies [23-25, 38—43]. Facilitating
factors, such as understanding the concept of asymp-
tomatic carriers and the prophylactic benefits of the
intervention, were previously associated with better
acceptability in prospective acceptability studies [24,
38]. Recognizing malaria as a significant health prob-
lem, understanding the concept of the intervention,
and believing that the intervention would have a ben-
eficial effect, particularly economically, were factors
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Table 1 Characteristics of the participants and linear models between the acceptability score and individual and household risk

factors (n=289)

Univariate analyses

Multivariate analysis

n (%) B [95% CI] p B [95% CI] p

Age

[15;21] 68 (24) —1.07 [-1.8; =0.33] 0.005 -0.78 [-1.67;0.1] 0.08

[22;32] 72 (25) 0.04 [-0.7;0.78] 092 0.04 [-0.74; 0.83] 0.92

[33;45] 70 (24) —0.07 [-0.80; 0.67] 0.86 0.01[-0.7;0.73] 097

>46 79 (27) Ref - Ref -
Gender

Men 124 (43) Ref - Ref -

Woman 165 (57) 0.12[-041;0.65] 0.66 0.29 [-0.42;0.99] 043
Education

Unschooled 157 (54) Ref - Ref -

Primary school 66 (23) —0.64 [-1.28;0.01] 0.05 0.50 [-0.56; 1.39] 040

Secondary school 53(18) —0.11[-0.82;0.59] 0.76 0.27[-09;1.2] 0.78

Missing data 13(5) - - - -
History of malaria

No 218 (75) Ref - Ref -

Yes 65 (23) 0.25 [-0.39; 0.89] 045 0.66 [0.02; 1.31] 0.04

Missing data 6(2) - - - -
Mobility

None 222(77) Ref - Ref -

<1 travel/month 42 (14) —0.04 [-0.89; 0.80] —0.36 [-1.21;048] 0.40

> 1 travel/month 14 (5) —0.16[-1.48; 1.16] —0.58 [-1.94;0.78] 040

Missing data 114) - - - -
Socioeconomic level of household

Lowest standard of living 23 (35) Ref - Ref -

Intermediate standard of living 20 (30) 0.07 [-0.96; 1.10] 0.89 0.13[-0.93; 1.2] 0.81

Agricultural with cows 13 (20) —0.03 [-1.65; 1.59] 0.97 -0.16 [-1.76; 1.44] 0.84

Agricultural with small cattle only 10 (15) 0.54 [-0.83; 1.90] 0.44 0.02[-1.4;143] 0.98
Education*Gender®

Primary school* Woman? - - - -2 [-3.32;-0.75] 0.002

Secondary school *Woman?® - - - 0.80 [-0.63; 2.24] 027

2 interaction

only identified in retrospective studies [42, 43]. It is
hypothesized in this study that previous experience
with SMC in children enabled participants to project
themselves more realistically in the potential interven-
tion, and thus highlighting factors found in both pro-
spective and retrospective studies. This study is the
first to report MDA acceptability in a context of SMC
implementation. Interestingly, MDA interventions
against neglected tropical diseases such as lymphatic
filariasis were also implemented in 2021 in Kedougou
region, but participants did not draw a parallel with
these interventions [44].

Socio-demographic determinants of acceptability

Two population subgroups with lower acceptability
were identified: young adults aged 15 to 21 and women
with primary education. Few studies have examined the
acceptability of young adults under the age of 18. A ret-
rospective acceptability study in The Gambia identified
18-25-year-olds as having lower participation or adher-
ence to MDA due to their occupational mobility [23].
This study pointed at a different reason: the contradiction
between having to take medication while not feeling sick.
During the feedback workshops, the feeling of invincibil-
ity due to youth or engagement in sports activities and
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Response ! Agree | Don'tknow | Disagree

Q1. For the well-being of the village, you accept to take a _
malaria treatment during the rainy season even if you're not sick

Q2. You refuse to take the malaria treatment even though _
you're not sick because it makes you vomit

Q3. All the people in the village will accept to take malaria treatment _
during the rainy season, even if they are not sick

Q4. You agree to take the treatment even if you're not sick _
because it protects you from malaria during the rainy season

Q5. You can delay harvesting your field for three mornings _
to take the anti-malarial treatment even if you're not sick

Q6. Taking an anti-malarial treatment when you're not sick bothers you.-

Q7. You have seen the effectiveness of the SMC in children, _
s0 you agree to take the malaria treatment even if you are not sick.

50 75 1
Percentage

o
N
o
(=3

0

Fig. 5 Responses to the acceptability questionnaire (n=289)

Table 2 Integration of QUAL and QUAN findings

Convergence codes Consistency Discrepancy Specificto  Specific
QUAL to

Results
QUAN

General acceptability
Good MDA acceptability [ ]
Intervention coherence
Understanding MDA principle (« expanded SMC») [
Understanding the notion of asymptomatic carriage [ J
Opportunity costs
Benefit from curative treatment and prophylactic effect [ ]
Economic gain [ J

Agrees to take time to participate in the intervention (wait for the community health [ ]
worker at home)

Perceived effectiveness
Good perceived effectiveness of MDA due to SMC experience [
Self-efficacy
Mixed trust in the participation of the entire population [
Ethicality
Contradiction between taking a medication and not feeling sick [ ]
Burden
Side effects occurrence [ ]
Affective attitude
Malaria is a burden for the population that causes suffering [ J
Factors of acceptability
The elderly [ J
Young adults [ ]
Women with primary education
History of diagnosed malaria during the previous rainy season
Mobility during the previous rainy season was not associated to acceptability

The socioeconomic level of the household was not associated with the acceptability
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religious fatalism were also mentioned as reasons for the
lower acceptability. This age group likely is a major con-
tributor to malaria persistence: young adults aged 15 to
21 represent 15% of the population, experience 25% of
clinical malaria cases, and 34% are asymptomatic car-
riers during the rainy season [45]. Yet, young adults are
not targeted by specific malaria control strategies, which
focus on high-risk populations (children under 10 years
and pregnant women). Their participation to MDA is
likely a key element of success, and special attention
should be given to their acceptability.

Women with primary education also presented lower
acceptability. During the feedback workshops, women
of all ages were questioned about their understanding
of this result. They mentioned, regardless of their level
of education, that women are responsible for house-
hold duties such as cleaning, meal preparation, and
childcare. Women who cannot be replaced or seconded
in their household may refuse to participate out of fear
that disabling side effects would hinder the completion
of these essential tasks. Knowledge about the potential
side effects caused by anti-malarial treatment and free
and easy access to treatments managing side effects could
address this barrier.

Acceptability among individuals aged > 45 years

The results of this study were inconsistent regarding the
acceptability of older individuals. Participants in focus
groups, who tended to be younger than 45, repeatedly
suggested that elderly people may present lower accept-
ability. Several reasons were mentioned in the QUAL
study and feedback workshops: i) the contradiction
between taking medication and not feeling sick, ii) reli-
ance on traditional medicine, or iii) their role in house-
hold duties. Yet, the quantitative study did not reveal a
lower acceptability score among individuals over 45 years
old.

The literature also provides conflicting results regard-
ing the acceptability and participation of older individuals
in MDA [24, 25, 41, 46]. Either participants in the QUAL
study mistakenly anticipated the behaviour of older indi-
viduals, or older individuals may be less likely to express
their refusal to participate during the questionnaire. A
more in-depth study of the acceptability among older
individuals is necessary because, even though they rep-
resent a small proportion of the general population (< 5%
are over 60 years old), they often have a role as opinion
leaders, particularly men, due to their status as heads of
households.

Mobility
Mobility during the previous rainy season was not identi-
fied as a determinant of acceptability. Yet, retrospectively,
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mobility was identified as the primary barrier to partici-
pation in the MDA trial in The Gambia [47]. This discrep-
ancy could be explained by the fact that the rainy season
corresponds to the agricultural season when travel fre-
quency is low.

From sensitization to community engagement

Villagers and healthcare professionals mentioned repeat-
edly that sensitization was an essential activity to ensure
good acceptability of MDA. Sensitization sessions can
provide information about the concept of asymptomatic
carriage, the principles of the intervention and its bene-
fits, which are facilitating factors. It can also help address
two barriers: inform and justify taking preventive medi-
cation despite the absence of symptoms and help to dis-
tinguish medication side effects from other symptoms
and their management. Additionally, sensitization could
prevent and address rumours that can have a detrimental
effect on participation [48]. Prospective and retrospec-
tive studies all highlight the importance of sensitization
and underline how the perception of having receive suffi-
cient information about the intervention is a major driver
of acceptability [23, 38, 39]. These sensitization sessions
need to be conducted repeatedly before and during the
intervention through various communication channels
(including community meetings, door-to-door visits,
radio) [40].

Sensitization aimed specifically towards young adults
and women responsible for household duties could
address the reasons for their lower acceptability. Sensi-
tization campaigns construct collaboratively with and
through communities could address young adults and
women barriers to participation [49, 50]. It could help to
identify relevant knowledge and messages to be address
and suitable communication channels adapted to each
subgroup of the population [43, 44]. Numerous studies
highlight the importance of community engagement in
MDA acceptability [25, 42, 43, 46].

Strengths and limitations of the study
This research is the first to study MDA acceptability pro-
spectively by combining a sequential QUAL>QUAN
exploratory mixed methods design with the theoreti-
cal framework of Sekhon et al. and presents a robust
and reproducible methodology to study the prospective
acceptability. This methodology was applied to a large
sample and yielded meaningful results relative to the
local context and to the existing literature, improving the
understanding of acceptability drivers and the identifica-
tion of population subgroups reluctant to participate.
Studying acceptability prospectively faces a clear limit:
stated intentions might differ significantly from actual
behaviours. A pre-post-acceptability study of MDA
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indicated that initially, 26% of participants expressed
reluctance to participate in the MDA intervention [22].
In this study, the long-term implementation of SMC in
the region over nearly 10 years likely enabled participants
to realistically envision the proposed intervention, high-
lighting drivers of acceptability that were previously only
explored in retrospective studies.

Another limit stems from the need to rely on face-to-
face interviews to administer questionnaires in a context
of low literacy, which is a known source of social desira-
bility bias. However, questionnaires were administered by
local research assistants who were not health personnel.

Finally, during the cohort study, sensitization addressed
to all inhabitants were conducted regarding the concept
of asymptomatic carriage within the villages, but were
generally attended to by heads of households. These indi-
viduals may have developed a better understanding of
asymptomatic carriage, which is a facilitating factor for
acceptability of intervention. Acceptability may therefore
be overestimated in QUAL and QUAN components. The
lesser acceptability among young adults and women, may
also highlight cohort participants least exposed to these
messages.

Conclusion

MDA for malaria was acceptable for the population in
Kedougou in Senegal. Sensitization activities are essential
to ensure good acceptability and maximize the participa-
tion of the population in MDA. Specifically, young adults
exhibited a lower acceptability while they represent a key
population subgroup for local malaria dynamics. It is,
therefore, important to engage them and the entire com-
munity in the design of future elimination interventions.
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