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Abstract

Background: Malaria is a significant cause of morbidity and mortality in children aged under 5 years in Mozambique. The
World Health Organization recommends seasonal malaria chemoprevention (SMC), the administration of four monthly courses
of sulfadoxine-pyrimethamine (SP) and amodiaquine (AQ), to children aged 3-59 months during rainy season. However, as
resistance to SP is widespread in East and Southern Africa, SMC has so far only been implemented across the Sahel in West
Africa.

Objective: This protocol describes the first phase of a pilot project that aims to assess the protective effect of SP and AQ when
used for SMC and investigate the levels of molecular markers of resistance of Plasmodium falciparum to antimalarial medicines
in the study districts. In addition, it is important to understand whether SMC is a feasible and acceptable intervention in the context
of Nampula Province, Mozambique.

Methods: This study will adopt a hybrid effectiveness-implementation design to conduct a mixed methods evaluation with six
objectives: a molecular marker study, a nonrandomized controlled trial, an analysis of reported malaria morbidity indicators, a
documentation exercise of the contextual SMC adaptation, an acceptability and feasibility assessment, and a coverage and quality
assessment.

Results: Ethical approval for this study was granted by the Mozambican Ministry of Health National Bioethics Committee on
September 15, 2020. Data collection began in October 2020, and data analysis is expected to be completed by August 2021.

Conclusions: This research will make a unique contribution to our understanding of whether the combination of SP and AQ,
when used for SMC, can confer a protective effect against malaria in children aged 3-59 months in a region where malaria
transmission is seasonal and SP resistance is expected to be high. If the project is successful, subsequent phases are expected to
provide a more comprehensive assessment of the effectiveness and sustainability of SMCs.
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Introduction

Background
An estimated 409,000 people die from malaria each year
worldwide, and children aged under 5 years are particularly
vulnerable, comprising 67% of all malaria deaths in 2019 [1].
The high burden to high impact approach, supported by the
World Health Organization (WHO), the Roll Back Malaria
Partnership to End Malaria and other partners, aims to prevent
disease and save lives through strategies targeted to the
contextual needs of 11 countries that together account for more
than 70% of the world’s malaria burden [2]. Mozambique has
one of the highest incidence rates and absolute annual number
of malaria cases globally [3]. Malaria causes 29% of all deaths
and 42% of deaths among children aged under 5 years in
Mozambique, rendering it the most significant national public
health threat [4]. Mozambique has adopted the high burden to
high impact approach, and the National Malaria Control
Programme is working with partners toward the global vision
of a malaria-free world. The National Malaria Control Program’s
strategic plan for 2017-2022 focuses on burden reduction in
highly endemic areas and on sustaining gains in low
transmission areas toward elimination [5].

Implementation of Seasonal Malaria Chemoprevention
in Africa
Seasonal malaria chemoprevention (SMC) is “the intermittent
administration of full treatment courses of an antimalarial
medicine during the malaria season to prevent malarial illness,
with the objective of maintaining therapeutic antimalarial drug
concentrations in the blood throughout the period of greatest
malarial risk” [6]. The currently recommended antimalarials
for SMC are sulfadoxine-pyrimethamine (SP) and amodiaquine
(AQ), which is administered monthly to children aged 3-59
months during the peak malaria transmission season, which
typically coincides with the rainy season. A full course of SP
and AQ (SPAQ) consists of 1 dose of SP and 3 doses of AQ,
which are administered over a 3-day period. SMC typically
involves four monthly cycles of SPAQ administration over the
course of the malaria transmission season, which is referred to
as a full round. The intervention can reduce the incidence of
clinical episodes and severe malaria by approximately 75% [7].
It has also been shown that the intervention can be delivered
safely at scale, achieving high coverage. The Achieving
Catalytic Expansion of SMC in the Sahel (ACCESS-SMC)
project scaled up SMC in 7 countries between 2015 and 2017,
with few adverse drug reactions reported. SMC was associated
with a protective effectiveness of 88% over 28 days in
case-control studies conducted as part of ACCESS-SMC [8].
In Burkina Faso and The Gambia, the implementation of SMC
was associated with reductions in the number of malaria deaths

in hospitals during the high-transmission period, of 42% and
57%, respectively [8]. SMC could also avert millions of cases
and thousands of deaths among children living in areas with
highly seasonal malaria transmission [3]. In terms of cost, a
multicountry cost-effectiveness analysis found that the weighted
average economic cost of administering four monthly SMC
cycles was US $3.63 per child, and ultimately, that SMC is a
highly cost-effective intervention that substantially reduces
malaria diagnostic and treatment costs [9].

SMC has been recommended by the WHO since 2012, for use
in areas where more than 60% of annual malaria incidence
occurs within 4 consecutive months, where there is a high
burden of malaria in children, and where SPAQ retain their
antimalarial efficacy [6,10]. To date, SMC has mainly been
implemented in the Sahel region of sub-Saharan Africa, where
Plasmodium falciparum is sensitive to both antimalarial
medicines used in SMC. In 2019, 21.7 million children were
targeted in 13 countries [1].

However, there is a potential risk of enhancing drug resistance
and the potential for impaired development of naturally acquired
immunity in children [11]. The impact of SMC on the immune
response to malaria, possibly increasing the burden of malaria
in later life, has not yet been proven. Studies have found that
administering SMC in early life does not negatively affect the
development of naturally acquired antibody responses to malaria
[12,13]. In addition, there may be broader benefits of SMC,
with lower parasitemia reported in health districts receiving
SMC [14,15].

Challenges include the logistical burden of SMC distribution,
particularly during the rainy season when access to remote areas
may be compromised; however, adopting a decentralized,
integrated approach through community-based distributors may
support the sustainability of SMC [14]. The potential risk of
development of drug resistance should be investigated further,
which may pose a risk of suboptimal adherence [14]; however,
the multicountry observational ACCESS-SMC study found that
molecular markers of resistance occurred at very low levels [8].
Nonetheless, a few studies have found adherence to be an issue;
for example, Ding et al [16] reported complete adherence in
less than 20% of children receiving SMC in Niger for a full
3-day course in each cycle for four cycles.

Drug Resistance and SMC Efficacy
The WHO recommends that SMC is suitable in areas where the
efficacy of SPAQ combination remains over 90% [6]. Resistance
to SP or AQ may reduce the efficacy of SMC in protecting
children against clinical malaria, although the relationship
between the degree of resistance and the effectiveness of SMC
has not yet been clearly defined. SP efficacy is threatened by
drug resistance due to mutations in the dihydrofolate reductase
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(dhfr) and dihydropteroate synthetase (dhps) genes [17].
According to a study conducted in Mozambique, the prevalence
of dhfr and dhps mutations was 5%-6% [18], with more recent
research suggesting this may be as high as >80% [19]. However,
there is a paucity of data on the prevalence of SP resistance
across Mozambique.

Clinical responses to SP are seriously compromised in many
regions of the world, and SP is no longer recommended for the
treatment of malaria episodes. However, it has been difficult to
determine whether the efficacy of SP for chemoprevention is
also compromised [20]. Extant evidence from intermittent
preventive treatment in pregnancy suggests that the presence
of resistance to SP may undermine therapeutic effectiveness
[21-23]. However, SPAQ will likely still provide benefit, even
when there is a high prevalence of resistance [24], and a
systematic review reported that intermittent preventive treatment
in pregnancy with SP protection against low–birth-weight
outcomes is sustained even in areas with high levels of the
quintuple mutant [25].

The Ministry of Health, National Malaria Control Programme
Midterm Review of the Malaria Strategic Plan 2017-2022 has
recommended SMC as a malaria control strategy to decrease
transmission and accelerate impact in the highest burden
locations [26]. This is in line with the WHO recommendation
for individual approaches to implementing SMC based on local
contexts and integrating delivery to existing programs and
networks as much as possible, maximizing the potential use of
community health workers and community volunteers [27].
Using community-based distributors for SMC also increased
community members’ trust in the intervention [28]. Strong
health communication is required to ensure that community
members understand and accept that SMC is a preventive
intervention, especially as qualitative research in Ghana found
that people could interpret the mass distribution of medicines
for the purpose of curing symptoms rather than for prevention
[28].

Study Rationale
Given the potential impact of SMC to avert many malaria
infections and deaths, it is essential to investigate the role of
drug resistance on the protective effect of SMC in Mozambique
and to assess the feasibility and acceptability of implementing
SMC in this context. In collaboration with the National Malaria
Control Programme in Mozambique, Malaria Consortium will
pilot SMC from November 2020 to February 2021, to a target
population of approximately 72,000 children aged under 5 years
in 2 districts of Nampula Province.

Study Aims
We will evaluate the SMC pilot with two primary aims: to
determine the protective effect of SPAQ when used for SMC
in this context and to assess the feasibility and acceptability of
implementing SMC in terms of coverage, quality, and
stakeholder perceptions. The study objectives are as follows:
(1) to determine the baseline prevalence of SPAQ resistance
and any increase in resistance prevalence after one annual round
of SMC, (2) to determine whether receipt of SPAQ is associated
with a reduction in the odds of clinically significant malaria
outcomes, (3) to assess the change in reported malaria morbidity
indicators through routine data, (4) to document the adaptation
of SMC implementation to the Mozambican context, (5) to
explore the feasibility and acceptability of SMC among
stakeholders, and (6) to evaluate the process of SMC
implementation in terms of distribution quality and coverage.

Methods

Study Setting
The study will be conducted in Malema, Mecuburi, and Lalaua
districts in Nampula Province, northeastern Mozambique
(Figures 1 and 2). Several key informant interviews may be
conducted with stakeholders based in Maputo.

To identify suitable districts for SMC, an SMC suitability
ranking was conducted by the WHO for all provinces. These
criteria included a variety of factors such as (1) seasonality
eligible for SMC (60% of rainfall concentrated in 4 months),
(2) mortality (areas of highest under-five mortality using health
management information system) data, (3) access to care
(highest ranking given to areas where access to care was poor),
and (4) treatment-seeking behavior (highest ranking given to
areas where treatment-seeking behavior was poor). Using these
four main categories, the average will be calculated to estimate
the final ranking and identify the top 20 suitable districts to
maximize the impact of SMC. From the list of suitable districts,
an additional consideration was taken given the importance of
implementing the intervention in an area where no other new
interventions were taking place so that an evaluation could be
implemented aiming at attributing change to the intervention
under investigation. Hence, Malema and Mecuburi districts in
Nampula Province were selected, with Lalaua as a comparator,
as no indoor residual spraying or new long-lasting insecticidal
nets were targeted in these areas, ensuring a robust evaluation
component for this pilot study.
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Figure 1. Nampula Province, Mozambique, where the study will be conducted. SMC: seasonal malaria chemoprevention.

Figure 2. Seasonal malaria chemoprevention intervention and comparison districts.

Study Populations
The study population that is eligible to receive SMC includes
afebrile children of either sex, aged 3-59 months, for any of the
SMC cycles, residing in Malema and Mecuburi districts. In
addition, for the purpose of the end-of-round survey, which

includes an indicator measuring the age eligibility of enrolled
children, we included children residing in the aforementioned
districts, aged 5-10 years, who may inadvertently have received
SMC. In addition, health workers who are involved in SMC
implementation, caregivers of children aged under 10 years,
community leaders, and key stakeholders such as health officials
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at different levels of the health system and those involved in
SMC implementation will be sampled, according to the study
objective, described in more detail in the Methods section. The

Lalaua district will serve as a control area (see Table 1 for
estimated population sizes).

Table 1. Estimated target population of seasonal malaria chemoprevention implementation districts and comparison district by age (2020).

Total popula-
tion, nPopulation of children aged 12-59 months, n (%)Population of children aged 3-11 months, n (%)Target population estimates

Intervention area

36,46932,438 (88.94)4031 (11.04)Malema

35,47431,515 (88.83)3959 (11.16)Mecuburi

71,943Total SMCa target population

Control

18,40316,425 (89.25)1978 (10.74)Lalaua

aSMC: seasonal malaria chemoprevention.

Study Design
We will adopt a type 2 hybrid effectiveness-implementation
study design that evaluates the effects of a clinical intervention
on relevant outcomes while collecting information on
implementation [29]. The hybrid effectiveness-implementation
study design supports the pursuit of different lines of research
simultaneously, which facilitates the more rapid translation and
uptake of study findings for policy makers and implementers
[29,30]. This study will use mixed methods to address the
aforementioned objectives. Assessments of the protective effect
of SPAQ, as delivered as part of SMC implementation, will
provide evidence on whether this is appropriate in a region
where SP resistance is suspected. Evaluating the implementation
of SMC will generate knowledge on the feasibility and
acceptability of this intervention in situ, including the
challenges, barriers, and facilitators in the local context. Such
findings can be useful to inform which intervention components

are generalizable and which require local adaptation for other
settings [31].

Four monthly cycles of SMC drugs will be distributed
door-to-door to eligible children aged between 3 and 59 months
by community distributors between November 2020 and
February 2021 in 2 districts of Nampula Province. SMC tools
and protocols used in Sahelian countries where the Malaria
Consortium supports SMC delivery will be adapted to the
context in Mozambique for this purpose. A third district will
serve as a comparison district (the latter will receive standard
malaria prevention, control, and case management). Data
collection across the study components was conducted between
October 2020 and May 2021 (Figure 3).

The methods are organized according to the study objective,
described in more detail below, with an overview provided in
Table 2 and Figure 3.

Figure 3. Timeline of seasonal malaria chemoprevention study objectives. Obj: Objective; RCT: randomized controlled trial; SMC: seasonal malaria
chemoprevention; SPAQ: sulfadoxine-pyrimethamine and amodiaquine.
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Table 2. Overview of research objectives, methods, and sampling.

Sample size
(N=3320), n
(%)Exclusion criteriaInclusion criteriaStudy populationMethodObjective

600 (18.07)Quantitative:
molecular analy-
sis

•••• Presence of any
signs or symptoms
of severe malaria,
refusal to participate

Aged 3-59 months at-
tending the health facil-
ities in study area with
fever or history of

Eligible children aged 3-
59 months on the day 1 of

the first SMCb cycle

SPAQa resistance
molecular marker
monitoring

fever in preceding 24
hours, with a positive

malaria RDTc and,
with prior informed
consent obtained from
the parents or
guardians

800 (24.09)Quantitative:
nonrandomized
controlled trial

•••• Presence of a se-
vere, chronic illness
and a history of a
significant adverse

Eligible children, visit-
ed home for enrollment

Eligible children aged 3-
59 months on the day 1 of
the first SMC cycle

Nonrandomized
controlled trial

reaction to sulfadox-
ine-pyrimethamine
or amodiaquine

• Refusal to partici-
pate

26 health fa-
cilities in all

Quantitative:

DHIS2d or SIS-

•••• Data from children
aged >13 years or
those falling outside

HMISf data on health
facility attendance for
children aged 0-13

Data quality audit and
morbidity analysis of all
confirmed malaria cases
reported in children aged

Assessment of im-
pact of SMC on
reported malaria
morbidity indica-

3 study dis-
trictsMAe data analy-

sis
the specified datesyears (inclusive) will

be extracted fromless than 5 years in the 3
study districts from

tors

health facility registers
November 2020 to March as full line listings,
or May 2021 covering November

2020 to May 2021

N/AQualitative: docu-
mentation of the

•••• N/AN/AN/AgProcess documen-
tation of SMC

adaptation pro-
cess

adaptation

120 (3.61)Qualitative: KIIsh

and FGDsi

•••• Not categorized into
one of the described
study populations

Must fall into one of
the study population’
categories, must con-

Health workers implement-
ing SMC

Feasibility and ac-
ceptability assess-
ment • Caregivers of children

aged 3-59 months, commu- sent to participate • Refusal to partici-
patenity members, and commu-

nity leaders
• Health workers
• SMC implementers
• Health officials and policy

makers (district, provin-
cial, and national)

1800 (54.22)Quantitative:
end-of-round sur-
vey

•••• No one aged 18
years or older avail-
able at the time of
data collection

Households with chil-
dren aged 3-119
months, resident in the
study location >1

Eligible children aged 3-
119 months who have
been a resident in the
study location for a mini-

Coverage and
quality evaluation

month during SMCmum of at least one • No children aged 3-
119 months presentmonth, during the SMC • Aged 18 years or older

with the primary re-pilot implementation peri- • Refusal to partici-
pateod. Survey responses will sponsibility of feeding

and daily care of atbe provided by caregivers
least one child aged 3
months to 10 years

aSPAQ: sulfadoxine-pyrimethamine and amodiaquine.
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bSMC: seasonal malaria chemoprevention.
cRDT: rapid diagnostic test.
dDHIS2: district health information software.
eSISMA: Sistema de informação em Saúde e Monitoria e Avaliação.
fHMIS: health management information system.
gN/A: not applicable.
hKII: key informative interview.
iFGD: focus group discussion.

Ethical Considerations
Ethical approval for this study was granted by the Mozambican
Ministry of Health National Bioethics Committee on September
15, 2020. Only participants who met the inclusion criteria and
provided written informed consent will be included.

Study Objectives and Methods: SPAQ Resistance
Molecular Marker Monitoring

Overview
The purpose of this study is to determine the baseline prevalence
of SPAQ resistance markers and any eventual increase after one
round (four monthly cycles) of SMC as assessed via molecular
markers in the population. Specifically, to detect prevalence
over time in the proportion of symptomatic children, using a
positive rapid diagnostic test (RDT), residing in 2 districts where
SMC will be implemented who carry parasites with Plasmodium
falciparum dihydrofolate reductase (dhfr), Plasmodium
falciparum dihydropteroate synthase (dhps), Plasmodium
falciparum chloroquine resistance transporter gene (pfcrt) and/or
Plasmodium falciparum multidrug resistance gene 1 (pfmdr1)
mutations, compared with children living in a neighboring
district with similar epidemiologic characteristics but not
receiving SMC. Children enrolled in both areas will be aged
3-59 months and will have similar clinical and parasitological
characteristics. Health facility–based cross-sectional surveys
will be conducted in October 2020, before the SMC distribution
begins (baseline), and in March 2021, after one complete round
of SMC (endline), to measure the prevalence of molecular
markers associated with resistance to SPAQ in symptomatic
children aged less than 5 years with a positive RDT attending
selected health facilities in the intervention and control areas.
Monitoring the prevalence of alleles associated with drug
resistance will be done by collecting blood samples from

symptomatic children with evidence of infection. During the
surveys, fingerpick blood samples will be collected on Whatman
903 (10534612) filter papers (dried blood spots). Sample
collection will be performed in 2 selected first-level health
facilities in each district of the intervention area and also in 4
selected health facilities in the comparator district, with a total
of 8 health facilities across all 3 districts. The main outcome
measure is the prevalence of molecular markers associated with
SP (codons 108, 51, and 59 in dhfr and 437, 540, and 581 in
dhps) and AQ (codons 72-76 in pfcrt and 86, 184, and 1246 in
pfmdr1) resistance in blood samples collected from symptomatic
children aged less than 5 years with a positive RDT attending
the selected health facilities. The prevalence will be assessed
in areas with SMC and with no SMC at baseline and at the end
of the project.

Indicative Sample Size Calculations
The sample size will be determined using the WHO protocol
for drug efficacy testing [32]. The survey’s sample size will be
calculated to estimate changes in the prevalence of SPAQ
resistance markers with sufficient precision to detect a
statistically significant difference before and after SMC
implementation. It is assumed that the prevalence of dhfr and
dhps sextuple mutants is 0% [33] in the intervention area. A
sample size of 242 samples per survey per arm was estimated
to have 90% power to detect a difference at the 5% level (P=.05)
between baseline and endline. This will permit confirmation of
a prevalence of 5% or higher in dhfr and dhps sextuple mutants.
Assuming a 10% loss of samples or uninterpretable analysis,
the number will be rounded up to 300 samples per area
(intervention and comparator districts) per survey per country.
Figure 4 shows the estimated sample sizes for each health
facility. Samples will be collected in 8 health facilities (4 in the
intervention area and 4 in the comparator control area).

Figure 4. Estimated sample sizes. Numbers correspond to the children with positive malaria test results. HF: health facility; RDT: rapid diagnostic
test.

Selection of Survey Health Facilities
Samples will be collected from selected health facilities from
the list of all health facilities in the control and intervention
areas, based on attendance of children with fever or history of

fever and prevalence of Plasmodium falciparum infection among
them based on routine data reporting.

Study Population
The study population will include children aged 3-59 months
attending the selected health facilities in both the intervention
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and comparator districts. The number of children to be screened
in each health facility will depend on the proportion of malaria
RDT-positive cases over the total number of children meeting
the eligibility criteria. Children who do not meet the inclusion
criteria, for example, those with a negative RDT result, will be
referred within the same health facility for further assessment
and appropriate treatment.

Sample Collection and Molecular Analysis
Caregivers of children meeting all the inclusion criteria
mentioned earlier will be interviewed using a short paper
questionnaire to record personal identifiers of the children such
as date of birth, sex, date of interview, and residence location.
The study staff will approach them as part of their clinical visits.

A blood sample (4 drops) will be collected through finger prick
onto a filter paper (Whatman 3MM) to determine the prevalence
of dhfr, dhps, pfcrt, and pfmdr1 mutations. Other molecular
markers of antimalarial resistance will be considered for analysis
as comparators. Specimens will be labeled anonymously (unique
identifying code, study health facility, and date), dried, stored
in individual plastic bags with desiccants, and protected from
light, humidity, and extreme temperature until analyzed. All
samples will be batched and stored at 4 °Cat the Centro de
Investigação em Saúde de Manhiça laboratory (until complete
sample collection and analysis). Dhfr, dhps, pfcrt, and pfmdr1
genotypes will be determined using nested mutation-specific
polymerase chain reaction, sequencing, and/or polymerase chain
reaction-restriction fragment length polymorphism. The
prevalence of dhfr mutations at codons 51, 59, and 108 and
dhps mutations at codons 431, 437, 540, 581, and 613 and pfcrt
codons 72-76 and pfmdr1 codons 86, 184, and 1246 will be
calculated among the sampled children, and differences in the
proportions of samples with each of these mutations between
baseline and endline will be tested using the z test.

Nonrandomized Controlled Trial

Overview
A nonrandomized controlled trial will be conducted to determine
whether the receipt of SPAQ is associated with a reduction in
the odds of clinically significant malaria outcomes and to
estimate the protective effect of SPAQ. There will be two arms:
one (control arm) in the comparator district and the other in one
of the SMC intervention districts. Communities will be randomly
selected in both the intervention and control districts. Eligible
children (aged 3-59 months at the first SMC cycle) will be
recruited through random selection. Exclusion criteria include
the presence of a severe, chronic illness and a history of a
significant adverse reaction to SP or AQ. Selected children will
be treated appropriately and retained during the trial. In the
control district, communities bordering the intervention district
will be avoided because of potential unintended leakage of
SPAQ across the district boundary.

Sample Size
The study will be powered to have an 80% chance of detecting
a 40% reduction in incidence with statistical significance at the
5% level. It is assumed that study participants, in the absence
of SMC, would experience 0.2 clinical episodes per child per

high-transmission season (corresponding to the SMC round) of
sufficient severity to present to a health facility [10]. The sample
size calculation, based on the formula for a binary outcome
superiority trial, shows that a sample of 654 eligible children
(or 327 per arm) is required to provide sufficient statistical
power. This multiplies to 818 under the assumption of a 20%
loss to follow-up over the four cycles. Therefore, we aim to
recruit a minimum of 800 eligible children (400 per arm).

Primary Outcome
The primary outcome of this study will be visits to a health
facility for suspected malaria by eligible children and
confirmation of malaria diagnosis using an RDT during the
5-month study period, which includes a period of 28 days after
the final administration of SPAQ.

Recruitment and Data Collection
Households will be randomly sampled from selected
communities in both the control and intervention arms and 1
eligible child recruited at random in each household. A short
baseline questionnaire will be administered to collect individual
data on each child and to confirm their eligibility after the
caregivers provided their consent. In the intervention arm, the
questionnaire will be administered before the intake of SPAQ
for SMC. The primary end point will be recorded through
passive surveillance by study clinicians in both the intervention
and comparator areas during the 4-month study period. Children
recruited into the study presenting at clinics will be identified
using information on SMC record cards, on which a child’s
information and SMC doses are recorded, and data on health
facility visits including suspected malaria cases and results of
RDTs will be matched to baseline questionnaire data to build
a database for analysis.

Data Analysis
Data will be analyzed using multivariate logistic regression with
odds ratios estimated for the association between allocation to
the intervention arm and (suspected and confirmed) malaria
diagnosis at any point during the study period, converted to a
percentage estimate of protective effect. To compensate for the
lack of preintervention random allocation of participants to
intervention or control groups, covariate adjustment will be
made for potential confounders that may influence respondents’
odds of experiencing a clinically significant case of malaria.
Covariates, measured at baseline, will include sex, age, parental
education, and long-lasting insecticidal net use and all of these
will be operationalized as categorical variables. Analyses will
also use a multivariate Cox proportional hazards model with
multiple Cox regression. Failure defined as a visit to a health
facility for suspected malaria and/or a confirmed case of malaria
and timing of this event based on the original date of health
facility attendance during the study period and the estimated
protective effect calculated.

Assessment of SMC Distribution Impact on Reported
Malaria Morbidity Indicators Using Routine Data
We will investigate the impact of SMC on reported malaria
morbidity (as a primary end point) in children aged 3-59 months
in the study area. Differences in rates of malaria incidence by
age at the health facility level will be investigated using a
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quasi-experimental design based on regression discontinuity
analysis, taking advantage of the discontinuity in eligibility for
SMC based on age.

Before obtaining data on malaria indicators at the health facility
and district levels, a data quality audit will be conducted to
assess the quality of the data that will be used for analysis. The
quality of data from districts where SMC is implemented will
also be compared with that of data from the comparator district.
Health management information system data on health facility
attendance for children aged 0-13 years (inclusive) will be
extracted from health facility registers as full line listings,
covering November 2020 to May 2021 in both implementation
districts and the control district by photographing the relevant
pages of the registers and entering data directly into Excel tables
as appropriate. While monthly suspected malaria cases
presenting at each health facility will be calculated, other
variables including date of health facility attendance, sex, date
of birth (or closest estimate of age in months as a preference,
or age in years if this cannot be confirmed from an identity
document, previous health facility record, or vaccination or
medical card), whether a malaria test was performed, the type
of test performed (RDT or microscopy), test results (confirmed
malaria or negative test results), malaria mortality, and any other
variables collected routinely for all child attendees (eg, nutrition
status) will be obtained. Observations from registers will be
categorized by children’s ages according to the smallest possible
increments. Incidence curves [34] for suspected and confirmed
malaria cases by age will be modeled from these data (using
offset terms to adjust for estimated numbers of children in each
age category by health facility catchment area). Incidence curves
by age will either be fitted with quadratic or cubic regression
terms in Stata 16 (StataCorp) or using a thin plate spline term
in R (R Foundation for Statistical Computing; using the mixed
gam computation vehicle package). Regression discontinuity
analysis [35] using negative binomial models will then be used
to assess the reduction in malaria incidence by age-dependent
eligibility for SMC. As the primary exposure variable, eligibility
will be coded as a binary variable (1=3-59 months 0=0-2 months
and 60-155 months) based on age at the start of the SMC round
and district. Adjustments will be made for the month of health
facility attendance. If possible, random effects will be fitted,
with observations of monthly malaria cases nested within clinics.
The results will be expressed as rate ratios for the difference in
incidence in the eligible age group compared with the expected
incidence curve. Models will adjust for sex as an interaction
term (considered a moderator for age-dependent malaria
susceptibility). Sensitivity analyses may consider the effects of
unintended coverage of children aged 5-9 years.

Process Documentation of SMC Adaptation
The purpose of this component is to systematically capture the
process of how the SMC model implemented by the Malaria
Consortium and partners in West and Central African countries
is adapted to the Mozambican context. Specifically, this will
take into consideration the existing government health system,
structures, personnel, and service delivery at different levels.
In view of the current COVID-19 pandemic, all of the
aforementioned activities and tools will be appropriately adapted
to this outbreak context, which will constitute an additional

aspect to be documented as part of the model adaptation.
Previous study protocols, implementation reports, tools, and
materials from other countries where the Malaria Consortium
has implemented SMC will be reviewed and collated. Relevant
materials will be adapted and translated for the Mozambican
context. All of these adaptations will be captured using a
template process documentation tool.

Feasibility and Acceptability Assessment
A key component of investigating the feasibility and efficacy
of SMC in Mozambique is understanding the views and
experiences of those involved in its implementation and use.

To explore the feasibility and acceptability of implementing
SMC, a qualitative assessment using key informant interviews
and focus group discussions (FGDs) will be conducted. This
study component will examine how SMC is viewed,
experienced, and engaged with by different stakeholder groups,
including policy makers, implementers, and beneficiaries.

The study population includes health workers and community
volunteers who are involved in SMC implementation, caregivers
of children aged 3-59 months, community members, community
leaders, and key decision makers such as health officials at
different levels of the health system. Purposive approaches to
sampling will be adopted to include those best able to provide
insight into the topic being explored and a range of views and
experiences relating to SMC [36]. Participants will fall under
four main groups: caregivers of children eligible for SMC;
health workers and community volunteers involved in SMC
delivery; community members in areas where SMC is
implemented; and key informants involved in SMC
implementation, program management, and policy making.

Within each participant group, participants with a range of
different experiences will be identified, where possible. For
example, for caregivers, efforts will be made to include
participants of different genders, ages, living in more rural and
urban locations; those considered more marginalized, such as
adolescents, older caregivers, and people living remotely; and
those with different socioeconomic status and education levels.
Although we presume that most caregivers will be female, we
will attempt to include male caregivers where possible and
relevant. We will also aim to include those with different
experiences relating to SMC, that is, those who refused and
those who agreed to receive SPAQ for their children. For health
workers and community-based volunteers, those of different
ages and experience and seniority levels will be identified for
recruitment. For community members, those with potentially
different perspectives will be included, for example, village
leaders, older men, older women, and younger women. For key
informants, implementing partners and those from district,
provincial, and national levels and with a range of different
potential insights, for instance, relating to malaria prevention
policy making, program management, and drug supply chain
management, will be identified for recruitment. In addition to
identifying participants purposively, the end-of-round
approaches to sampling will be adopted, with the final sample
size determined based on evidence of achieving data saturation,
when additional participants do not generate new findings
relating to the topic of investigation [37,38]. We estimate
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recruiting approximately 10-20 participants per group (Table
3) for participation in an in-depth interview. In addition, 6-12
FGDs will be conducted with approximately 6-8 participants
per group.

Data will be generated through in-depth interviews and FGDs,
based on topic guides, to explore views on SMC, areas relating
to SMC acceptability, and reflections on the implementation
experience. Topic guides will serve as prompts for the
interviewer but will be flexible and participant led. In-depth
interviews will aim to encourage participants to elaborate and
provide in-depth accounts of their views and experiences relating
to SMC, or thick descriptions [39], including through using
nonverbal and verbal probing. Topic guides will vary the areas
of focus, depending on the participant group. For example,

interviews with caregivers will explore topics including general
views on malaria, malaria prevention options, and SMC, as well
as perceived malaria risk, perceived benefits and costs or
negatives of SMC, concerns, challenges, and support. Interviews
with community distributors will explore topics such as
experiences administering SPAQ, how community members
respond to SMC, what community distributors themselves think
about the pros and cons of SMC and its appropriateness in the
region, challenges, and support for engagement with it.
Interviews with key informants will explore topics relating to
implementation views and experiences, including reflections
on the pilot implementation, the appropriateness of SMC for
preventing malaria in the region and country, and challenges
and opportunities for national rollout.

Table 3. Sampling frame.

Data collection techniqueParticipant group and estimated sample size

Caregivers

IDIa10-20

FGDb3-6

Health workers and community-based volunteers

IDI10-12

FGD3-6

Key informants or stakeholders

IDI10-12

Community members

FGD3-6

aIDI: in-depth interview.
bFGD: focus group discussion.

FGDs can facilitate an understanding of social norms, providing
access to a range of perspectives [40], and the interaction
between participants [41]. FGDs will therefore enable the
exploration of wider views on SMC acceptability in the
communities where the pilot is implemented, as well as views
regarding different malaria prevention options, decision-making
processes relevant to SMC, and potential barriers and facilitators
for SMC implementation. FGDs with community members and
caregivers will be homogenized by gender and age to facilitate
interaction among participants and the expression of norms and
consensus among peers in a grouping that is sensitive to cultural
norms. All interviews and FGDs will be audio recorded and
then transcribed and translated verbatim. Data collection and
analysis will be conducted iteratively, with data analysis
beginning at the point of data generation and with participant
recruitment and topic focus being adapted as data collection
progresses to further test emerging concepts and potential
discrepancies from majority themes [42]. Data will be analyzed
thematically using coding to identify emergent patterns,
concepts, and categories from participants’ accounts.

Coverage and Quality Evaluation (End-of-Round
Survey)

Overview
The aim of this component is to evaluate the process of SMC
implementation in terms of quality, coverage, and adherence to
COVID-19 safety guidelines. To evaluate the coverage provided
in the SMC pilot, an end-of-round survey will be conducted in
March 2021. The objective of the end-of-round survey is to
retrospectively determine coverage by surveying caregivers of
eligible children aged 3-59 months and ineligible children aged
60-119 months, as leakage into the older age group has been
anecdotally observed in other SMC countries [43]. Caregivers
will be asked if their children receive the full 3-day course of
the SPAQ during each cycle of the SMC round. The key
indicators that will be assessed will include (1) the proportion
of households with eligible children visited by a community
distributor, (2) the proportion of day one SPAQ administered
by community distributors to eligible children (in terms of
children who received day one SPAQ at least once during
2020-2021 and by monthly cycle), (3) the proportion of eligible
children who received a full 3-day course of SPAQ (including
day 2 and day 3 AQ, among eligible children who received day
one SPAQ), (4) the proportion of SPAQ administered by
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community distributors by directly observed treatment (among
eligible children who received day one SPAQ), and (5) the
proportion of day one SPAQ received per eligible child over
the course of the SMC round (including the proportion of
children who received day one SPAQ during all four SMC
cycles). To measure the quality of SMC coverage, the three key
indicators assessed will be the correct age eligibility included,
correct directly observed therapy observed, and correct dosage
administered. These quality indicators are included along with
the coverage indicators in an end-of-round survey tool.

End-of-Round Survey Study Area
This study aims to achieve a representative sample of children
aged 3-119 months in households grouped within clusters
identified from health facility catchment areas across the 2
intervention districts of the SMC pilot (ie, Malema and
Mecuburi).

Study Design
For this objective, the design will be a cross-sectional cluster
randomized survey to evaluate the coverage level and quality
of SMC piloted in the Malema and Mecuburi districts.
Households refusing to participate in the study will be replaced
with the next eligible household until the estimated sample size
is attained.

Sample Size and Technique
The end-of-round survey will use multistage random samples
of households in areas covered by the Malaria Consortium’s
SMC pilot and will intend to achieve a representative sample
of the target population at the district level to estimate the
coverage of SMC at the level of individual eligible children.
The sampling protocol aims to achieve a self-weighted sample
with sampling units selected with a probability proportional to
size. Only at the last stage of sampling (ie, at the household
level) will a constant number of eligible children (1 child per
household) be selected. The survey will be powered to provide
an estimate of SMC coverage for children aged 3-59 months
with a margin of error of 5%, while also providing a
representative sample of children aged 60-119 months. The
main sampling frame for the selection process will be a list of
villages. Villages will then be randomly selected using the
probability proportional to size. Villages will be the primary
unit of sampling through which households and eligible children
will be selected randomly. This may be reviewed once the study
starts if this approach is not feasible in practice. A primary
caregiver in this survey refers to any individual, aged at least
18 years, with the primary responsibility of feeding and daily
care of at least one child aged less than 5 years, in a household
where he or she has been a resident before the start of the SMC
pilot or 1 month before the last cycle of SMC. The sample size
calculation was performed using Stata 16 using the svysampsi
command, based on the following assumptions: (1) the assumed
intracluster correlation is 0.2; (2) 15 eligible children per cluster
(b=cluster size); (3) the (design/cluster effect) = 1 + (b − 1)
intracluster correlation = 1 + (15 − 1) 0.2 = 3.8; (4) the coverage
rate of SMC in children aged 0-4 years of at least 80% (and in
children aged 5-9 years of at most 20%); (5) a margin of error
of 5%; (6) finite population adjustment is applied (75,000); (7)

nonresponse rate of 5%; and (8) assumed ratio of children aged
5-9 years to those aged 0-4 years of 0.88.

Sampling Procedure
The sample size calculation revealed that a sample of 1842
children was required. It was decided that the survey would
include 120 clusters, each comprising 15 children (n=1800),
with 60 in each of the two districts. A constant number of
households (15) will be randomly sampled from these areas,
with the assumption that the populations in each sampling unit
were of approximately equal size. One eligible child will be
sampled from each compound in the absence of a
household-level sampling frame, under the assumption that
households contain a similar number of eligible children.
Sampling at each stage will be conducted without replacement;
once a supervision area or cluster has been selected, it should
no longer be eligible for further selection.

Study Tools
The data were collected using a questionnaire developed by the
Malaria Consortium. The survey questionnaire will be translated
into Portuguese and Macua languages and uploaded into the
SurveyCTO software application that will enable direct,
field-based computer-aided personal interview and remote
capture of the data and transfer to a netbook computer.

Although the coverage surveys will be the main method to
determine coverage, two additional data sources will be analyzed
and compared with survey results: (1) administrative data based
on SMC tally sheets completed by distributors and data compiled
via summary forms and end-of-cycle reports, and (2)
(coverage=doses delivered/target population) and stock
consumption data (coverage=SPAQ coblister packs received
before the campaign−SPAQ coblister packs left at the end/target
population).

Data Collection
Data will be collected by administering questionnaires to the
identified respondents in the sampled compounds within the
communities. The survey questionnaires will be administered
by a trained research team. All surveys will be administered
using SurveyCTO, an electronic data collection platform for
smartphones, and data will be uploaded to a remote server after
each day of data collection. Interviews will be conducted in
local languages using the questionnaires provided by the Malaria
Consortium, with data collectors translating from the Portuguese
questionnaire on the spot and assigning responses to predefined
answer categories in SurveyCTO. For the age eligibility
indicator, survey respondents may be asked to present a birth
certificate or vaccination card to the data collector to verify the
child’s date of birth. The duration of data collection is expected
to last for 7 days during the first week of March 2021.

Data Analysis
Data analysis will be carried out using Stata 16. Coverage will
be calculated using the proportion command. Population size
weights will be applied using the svy command as appropriate
for estimates of coverage indicators when it is not possible to
achieve a self-weighting sample. All indicators of interest will
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be calculated as proportions by district and an average across
both districts.

Availability of Data and Materials
The associated study protocol and data collection tools will be
made available upon request from the corresponding author.
Quantitative data sets will be available from the corresponding
author upon reasonable request after the completion of primary
analyses and dissemination of results. Qualitative study data
sets will not be available, as they may include identifiable
information that could compromise participant identity.

Results

Data collection and analysis from all six objectives will be
completed by September 2021.

Discussion

Principal Findings
This study will provide a unique contribution to the evidence
on the prevalence of SPAQ resistance in Mozambique and more
broadly in the region, and to what extent it may challenge the
protection that SMC confers. Furthermore, this first evaluation
of SMC implementation in this context will generate insights
on the enablers, challenges, perceptions, feasibility,
acceptability, quality, and coverage of this intervention in situ.
This study is vital, as it is the first time that SMC is implemented
in East and Southern Africa.

Recent evidence from the ACCESS-SMC program showed that
the protective effectiveness of each monthly treatment was
similar to that observed in randomized controlled trials [44,45].
In 2 countries with district health information software-2
databases established before SMC scale-up (ie, The Gambia
and Burkina Faso), estimated reductions of 57% and 42% in
the number of malaria deaths in district hospitals were
determined for the SMC intervention period, and reductions of
53% and 45% in the number of outpatient cases, respectively

[8]. Similar reductions were observed in the number of
outpatient malaria cases in other countries [8]. These results
represent the first large-scale evaluation of SMC implemented
by national programs and provide the first evidence of an impact
on malaria deaths. Earlier studies in Burkina Faso and Mali
showed effects on prevalence [46,47] and cost-saving benefits
[9,48].

Molecular markers of SPAQ resistance occurred at a low
prevalence in previous studies in the Sahel, consistent with the
effectiveness of SMC observed in several case-control studies.
However, there is evidence of selection for resistance to SP in
parasites sampled from the same age group in the areas where
SMC will be implemented for the first time in Mozambique.
Therefore, resistance to both SPAQ needs to be monitored via
standardized methods, across all regions in Mozambique where
SMC is used, to provide early warning of loss of effectiveness.

Limitations
Leakage of SPAQ to older age groups not targeted by SMC
programs raises a concern for the development of drug
resistance, as doses administered are unlikely to offer sufficient
protection against malaria transmission. This also influences
the secondary data analysis in the same way; leakage reduces
the apparent effect size in the targeted age group.

Conclusions
This research will be a novel contribution to our understanding
of whether SPAQ, when used for SMC, can confer a protective
effect against malaria in children aged 3-59 months in a region
where malaria transmission is seasonal and SP resistance is
expected to be high. In addition, the findings from this study
will inform future SMC implementation in Mozambique and
other countries and potentially enhance the quality of SMC
distribution in terms of quality, coverage, and acceptability.
Subsequent phases are expected to provide a more
comprehensive assessment of the effectiveness and sustainability
of SMCs.
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