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Abstract
Background  Perennial malaria chemoprevention (PMC) is a chemoprevention strategy endorsed by the World 
Health Organization (WHO) and is increasingly being adopted by National Malaria Programmes. PMC aims to reduce 
morbidity and mortality caused by malaria and anaemia in in young children through provision of antimalarial 
drugs at routine contact points with the local health system. This study aims to evaluate the impact of the 
programmatically-implemented country-tailored PMC programmes targeting children up to two years of age using 
sulfadoxine-pyrimethamine (SP) on the incidence of malaria and anaemia in children in Cameroon and Côte d’Ivoire.

Methods  We will assess the impact of PMC using passive and active monitoring of a prospective observational 
cohort of children up to 36 months of age at recruitment in selected study sites in Cameroon and Côte d’Ivoire. 
The primary and secondary outcomes include malaria, anaemia and malnutrition incidence. We will also conduct 
a time-series analysis of passively detected malaria and anaemia cases comparing the periods before and after 
PMC introduction. This study is powered to detect a 30% and 40% reduction of malaria incidence compared to the 
standard of care in Cameroon and Côte d’Ivoire, respectively.
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Background
Despite impressive reductions over the past 15 years, 
the burden of malaria-attributable morbidity and mor-
tality has increased recently from an estimated 219 mil-
lion malaria cases in 2019 to 249  million cases in 2022 
[1–3]. Malaria deaths have followed the same trend with 
an increase from an estimated 568,000 in 2019 to 619,000 
in 2021. Nearly all (96%) of these deaths occurred in 29 
African countries. Although children under five years 
of age are most at risk of dying from malaria, children 
under two are estimated to account for one-third (36%) 
of global malaria deaths [2, 4].

In 2010, the World Health Organization (WHO) 
recommended the provision of three-doses of sulfa-
doxine-pyrimethamine (SP) in the first year of life, an 
intervention known as intermittent preventative treat-
ment for malaria in infants (IPTi). A Cochrane review of 
placebo-controlled randomized controlled trials of IPTi 
showed the intervention reduced clinical malaria by 30% 
(rate ratio [RR] 0.70, 95% confidence interval (CI) 0.62 to 
0.88), anaemia by 18% (RR 0.82, 95% CI 0.68 to 0.98), and 
parasitaemia by 34% (RR of 0.66, 95% CI: 0.56–0.79) [5]. 
However, parasite resistance to SP has undermined con-
fidence in the use of this drug for national policy: This 
might explain why only one malaria-endemic country, 
Sierra Leone, has adopted IPTi over the past decade [6]. 
Since the initial WHO recommendation, new data sug-
gest that expanding the number of doses of SP, as well 
as increasing the age of eligible children beyond the first 
year of life may confer enhanced protection [2, 7, 8]. 
Prompted by these findings in 2022, the WHO recom-
mended the provision of perennial malaria chemopre-
vention (PMC) [9, 10]. The PMC intervention involves 
the administration of a full treatment-course of an anti-
malarial drug at predefined age intervals, regardless of 
infection, as a chemoprevention strategy in areas with 
high perennial transmission. Per WHO guidelines, the 
PMC schedule should be informed by the age pattern of 
severe malaria cases, the duration of protection of the 
selected antimalarial, and the feasibility and affordability 
of delivering each additional PMC course [9]. However, 
to understand whether investing in PMC represents an 
effective use of scarce resources, rigorous evidence on its 
potential effectiveness at reducing malaria and anaemia 
incidence is needed.

Overview of PMC intervention
As part of a Unitaid funded project – the Plus Project 
– Cameroon and Côte d’Ivoire National Malaria Pro-
grammes (NMPs) opted to join a process of designing, 
implementing, and evaluating a pilot PMC project. Other 
evaluations taking place concurrently, but not reported 
here, include a cost effectiveness analysis, drug resistance 
monitoring, a process evaluation, and policy adoption. 
Briefly, in both countries, the interventions were devel-
oped through a co-design process involving key stake-
holders, including malaria and vaccination programmes, 
local leaders and other community representatives, 
that decided on the number of PMC doses and when to 
administer them as part of routine health services, as well 
as and the geographic areas for implementation [11]. The 
intervention was restricted to the use of SP, with a maxi-
mum of eight doses over the first two years of life. Deliv-
ery channels and timings of doses were under the control 
of country stakeholders.

Cameroon decided on an eight-dose PMC schedule 
whereas Côte d’Ivoire opted for a five-dose approach, 
both leveraging visits in the current Essential Programme 
of Immunization (EPI) and Vitamin A delivery sched-
ule. The standard of care in Cameroon and Côte d’Ivoire 
is five and zero SP doses, respectively (Fig. 1). SP will be 
delivered at health facilities using EPI infrastructure, by 
community health workers (CHWs), and actively target-
ing populations where vaccination coverage is low. All 
PMC will be delivered by the Ministry of Health (MoH) 
in each country and will prioritize areas (i) with the high-
est malaria incidence and (ii) where other chemopreven-
tion-based interventions are not implemented. Eligibility 
for children to receive PMC will be assessed by the MoH 
staff at the point of SP administration. PMC eligibility 
includes being the correct age to receive each dose sched-
uled in concordance with the EPI schedule, not having 
received SP within the previous four weeks, no known 
allergies to SP, or not concurrently taking any contraindi-
cated medication according to manufacturer’s guidelines. 
All children will be eligible to receive PMC irrespective of 
whether they participate in the study activities.

Aims and objectives
This is a multi-site study with the primary aim to evalu-
ate the impact of routine delivery of PMC on malaria 
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incidence during the first two years of life. In Cameroon 
we will compare the effect of up to eight versus the stan-
dard of care of five doses, whilst in Côte d’Ivoire we will 
compare the effect of five versus zero SP doses, as the 
standard of care. Secondary objectives include determin-
ing any differences in: (i) severe malaria, malarial deaths, 
anaemia, and severe anaemia; (ii) differences in all indi-
cators by country, delivery platform and the number and 
timing of doses; and (iii) any dose response effect or dif-
ferences according to distance to the health facilities, as a 
proxy for access to care.

Evaluation of malaria interventions requires knowl-
edge of the regional epidemiology of malaria and active 
and passive surveillance methods have been proposed 
for malaria vaccine efficacy studies. Passive case detec-
tion methods are limited to those seeking health care 
and are likely to underestimate burden of malaria in the 
community but may provide information on the clinical 
presentation and management of malaria relevant for 
planning health services. In contrast, active surveillance 
methods can minimise the effect of health care-seeking 
behaviour on malaria detection and measures of effect. 
It also allows for understanding the age, spatial and 
temporal patterns of disease in community settings. To 
address these issues, we will employ two approaches to 
address the study objectives. First, we will develop a pas-
sive cohort, which will capture routinely collected health 
data as part of all child visits to participating health facili-
ties in the selected study sites. Secondly, we will form and 
prospectively follow an active cohort of children who will 
be visited at their households every three months over 

the study period. Reported malaria and anaemia cases in 
children under 5 years from the 5 years prior to the start 
of the study will also be collected to ensure results can 
be interpreted within the context of the broader malaria 
transmission patterns at each site.

Methods
Study site
Areas with the highest malaria transmission in both 
Cameroon and Côte d’Ivoire were purposively selected to 
be PMC implementation areas to maximize any observ-
able impact of the intervention. Control areas in both 
countries were also identified that had epidemiological 
profiles that were similar to the intervention areas. In 
Cameroon, we chose Soa and Mbankomo in the Central 
Region as the intervention and the control areas, respec-
tively, whilst in Côte d’Ivoire, Séguéla and Kani in the 
Worodougou Region were chosen as the intervention 
and control areas, respectively. These sites were chosen 
based on the size of the population, number of EPI facili-
ties, malaria incidence, EPI coverage, and availability of 
a suitable control population receiving standard of care 
(Fig. 2).

Cameroon
Soa and Mbankomo are peri-urban areas located on the 
north-eastern and south-western periphery of Yaoundé, 
respectively (Fig. 2). Both areas have an estimated popu-
lation density of 1,235 people per squared km and 15% 
of the population is under 5 years of age. In total, there 
are 39 health facilities in Soa, 12 of which are public and 

Fig. 1  Title: Perennial malaria chemoprevention (PMC) dose schedule in intervention and areas receiving standard of care as integrated within the exist-
ing essential programme on immunization (EPI) delivery schedule
Legend: Perennial malaria chemoprevention (PMC) delivery schedules in Cameroon and Côte d’Ivoire denoted by black checkmarks with the Plus Project 
activities denoted in orange and any doses of PMC as part of standard of care shown in orange alongside vaccination visits and ideal child age as part of 
the Essential Programme on Immunization (EPI) and the standard of care outlined in national guidelines. Note: Penta 2 and penta 3 refer to the 2nd and 
3rd dose of the pentavalent vaccine providing protection against diphtheria, pertussis, tetanus, hepatitis B and haemophilus influenza B. Vit A refers to 
when doses of vitamin A are scheduled. MR1 and MR2 refers to vaccination against measles and rubella
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28 have active CHWs. Of the 39 facilities, 20 administer 
EPI services and are eligible for SP administration as part 
of the expanded PMC programme. In Mbankomo, there 
are 32 health facilities, of which 4 are public and 10 have 
active CHWs. Of the 32 facilities, 19 administer EPI ser-
vices and are eligible for SP administration as part of the 
standard of care PMC programme. Malaria incidence in 
both Soa and Mbankomo was 597 cases per 1000 chil-
dren under 5 in 2020 [12]. Malaria transmission is typi-
cally highest during the two rainy seasons, from March to 
June and from October to November.

Côte d’Ivoire
Séguéla and Kani are rural areas located approximately 
500 km northwest of the capital city, Abidjan (Fig. 2). The 
estimated population density is 45.98 people per squared 
km (2021) and 18% of the population is under 5 years of 
age. In total, there are 42 health facilities in Séguéla, all 
of which are public and 33 of these have active CHWs. 
Of the 42 facilities, 41 administer EPI services and thus 
are eligible for SP administration as part of the expanded 
PMC programme. In Kani, there are 8 health facilities, 
all of which are public and have active CHWs. Of the 8 
facilities, all administer EPI services and thus would be 
eligible for SP administration if any doses were given as 
part of a standard of care PMC programme. According 
to the NMP, malaria incidence in both Séguéla and Kani 

was 572 cases per 1000 children under 5 in 2020 with the 
peak typically from April to July during the rainy season.

Study design
All health facilities providing EPI services in selected 
study sites and corresponding catchment populations will 
be eligible for inclusion and constitute the primary sam-
pling unit for this evaluation. Health facilities will be ran-
domly selected for inclusion (Fig.  3). All non-EPI/PMC 
facilities within the selected EPI catchment areas, will be 
included in the passive cohort data collection, described 
below (Table  1). In the selected EPI facility catchment 
areas, several study activities will be conducted: (i) a cen-
sus to enumerate all households, primary caregivers and 
children under 36 to characterize the population eligible 
to receive PMC (0–24 months) as well as when they age 
out of the intervention (25–36 months), (ii) a passive 
cohort at health facilities to monitor clinical episodes of 
malaria and anaemia as well as receipt of EPI vaccina-
tions and PMC in children under 36 months, and (iii) to 
monitor malaria and anaemia in a subgroup of participat-
ing children in an active cohort over an 18-month period. 
The same procedures will be employed in both interven-
tion and control areas in Cameroon and Côte d’Ivoire.

Census
A census of the population will be conducted in each 
selected EPI catchment area to create a sampling frame 

Fig. 2  Title: Map of study areas.
Legend: Study districts including, the intervention (orange) and control areas (teal) in the Central Region in Cameroon (A) and in the Worodougou Re-
gion in Côte d’Ivoire (B), are shown. Selected health facilities are represented by the black dots. Study regions within each country are shown in the red 
bounded areas in the inset maps
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that will support both the passive and active cohorts. 
Specifically, all households in the selected EPI catchment 
areas will be approached for inclusion (Table  1). Writ-
ten, informed consent will be obtained from the head 
of household for participation in the study. Information 

recorded will include the GPS coordinates of the house-
hold, information on house construction, socioeconomic 
position, use of vector control interventions, healthcare-
seeking behaviours, and the number of people residing 
in the household composition according to age groups. 

Table 1  Eligibility criteria for each study component in the PMC impact evaluation study
Inclusion Criteria Exclusion Criteria

Health 
Facilities

- Located within the target study sites
- Administer EPI/PMC services

- Located outside of the target study area

Census 
- Household

- Located within the catchment area of selected health facilities
- Head of household provides consent

- Located outside of the selected health facility catchment area
- Head of household not present or refuses participation

Passive Co-
hort - Child

- Regularly resides in households included in the census
- Age 36 months or less at time of census
- Primary caregiver provides informed consent

- Head of household refused participation in the census
- Primary caregiver not present or refuses participation
- Not expected to reside in the selected household for the study 
duration
- Age greater than 36 months of age at recruitment visit

Active Co-
hort - Child

- Recruited into the passive cohort
- Aged between 6–9 months in Cameroon and 10 weeks and 6 
months in Côte d’Ivoire at point of recruitment
- Primary caregiver provides informed consent

- Head of household/caregiver refused participation in the census 
and/or passive cohort
- Not within the identified age category at the point of recruitment
- Primary caregiver not present or refuses participation

Fig. 3  Title: Study population
Legend: Overview of the structure of the study design including sample size of facilities and children for each component and how many were excluded 
at the design stage
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(i) ≤ 3 years, (ii) > 3 to < 5 years, (iii) ≥ 5 years to < 21 years, 
and (iv) ≥ to 21 years. Each household will be assigned a 
unique, non-identifiable number that will be included on 
study documentation and written on household’s door-
frame for future localisation.

The census will take place prior to the PMC imple-
mentation and will be updated at 3-monthly intervals 
throughout the 18-month study period. During the 
census update, any births, deaths, or immigration and 
emigration will be recorded. The same study proce-
dures during the initial census visit will be followed for 
new recruits. For any participants that have died since 
the previous visit, a brief questionnaire will be adminis-
tered where possible to obtain information on the date 
of death, whether it was in a health facility or at home, 
and broad categories of the potential cause of death (i.e., 
traffic accident, health episode etc.) and other relevant 
information. Due to the sensitive nature of this data and 
difficulty in obtaining the precise cause of death in the 
community, verbal autopsies will not be conducted and 
any deaths without a confirmed cause of death will be 
excluded from analysis.

Passive cohort
All children up to 36 months of age residing in enumer-
ated households during the census will be eligible for 
inclusion in the passive cohort and enrolled upon pro-
vision of written informed consent from their primary 
caregiver (Table  1). Enrolled children will be passively 
monitored to record both EPI vaccinations and PMC 
visits as well as clinical visits for malaria and anaemia 
to the health facility and/or CHWs over the 18-month 
study period. Older children (24 to 36 months at base-
line) are not eligible to receive the intervention but will 
be enrolled in this study activity for two reasons: first, 
the older children will serve as an internal control as it is 
assumed that they will experience a similar malaria trans-
mission intensity but will not receive the intervention 
and, secondly, as children will be followed for 18 months 
information will be available on children who age-out of 
eligibility to assess any impact beyond when children are 
eligible to receive PMC. Children will not be censored 
according to age.

During the passive cohort recruitment, trained field-
workers will record basic demographic information about 
the child, recent malaria cases, amongst other informa-
tion. An anonymous and unique QR code with the par-
ticipant ID linked will be attached to each child’s health 
and vaccination record books. This QR code will be used 
to identify children participating in the study when they 
interact with the health system and facilitate linking the 
data generated by the routine system on EPI, PMC or 
clinical visit, which are stored in separate registers, with 
the research activities. During recruitment, the national 

health ID number assigned to each child and written 
in the health and/or vaccination record books will be 
recorded. The names of children and primary caregivers 
will also be recorded to provide a means to verify that 
children present match ID numbers. This also serves as 
a back-up method to link health information data that is 
routinely collected in different registers. Caregivers will 
be encouraged to take children to the participating facili-
ties or CHWs to receive EPI vaccinations or PMC or for 
any illnesses.

Study staff will be present during the scheduled EPI 
visits to record when children received each dose of 
PMC. This may occur at health facilities or during active 
campaigns initiated by the health facility staff where vac-
cinations, including the newly introduced RTS, S vaccine 
where present, Vitamin A or SP is distributed. Data col-
lected will include the child’s ID number, the date, loca-
tion, and which health interventions were administered 
at that contact point. Where CHWs administer some of 
the SP or Vitamin A doses, they will record the data for 
the relevant contact point. The study staff will also col-
lect, information on all clinical malaria and anaemia 
episodes throughout the 18-month study period. When 
a child participating in the passive cohort (i.e., has a QR 
code in their record book or the caregiver makes their 
participation known and confirmed through looking up 
their name) visits a study health facility or CHW, infor-
mation about their visit will be recorded including date, 
diagnosis and treatment received and whether a refer-
ral was made. For children receiving inpatient treatment 
for anaemia or malaria, additional information including 
clinical symptoms and details of any complications, treat-
ments received, the outcome, and date of discharge will 
be collected. Data will also be collected on any children 
who die in hospital during the study period. All data will 
be obtained from the clinical registries and confirmed by 
the facility staff.

Finally, to ensure that results are interpreted within 
the context of the broader trends in malaria transmis-
sion and the incidence of anaemia, routine surveillance 
data for each health facility will be collected up to five 
years before the start of the evaluation untill the end of 
the study. Data will consist of monthly aggregated data 
per health facility per 12-monthly age-band for children 
under 5 years of age. Key variables to be collected include 
the number of attendees, number of uncomplicated and 
complicated malaria cases, the number of malaria deaths, 
the number of anaemia and severe anaemia cases.

Active cohort
The active cohort will measure malaria infection, anae-
mia, and malnutrition incidence in the intervention 
and control study populations in Cameroon and Côte 
d’Ivoire. The sampling frame for the active cohort will 



Page 7 of 11Stresman et al. BMC Public Health         (2024) 24:2430 

consist of the children whose primary caregiver provided 
consent for participation in the passive cohort (Table 1). 
Children between 6 and 9 months and 10 weeks and 
6 months of age at recruitment in Cameroon and Côte 
d’Ivoire, respectively, will be approached for inclusion. 
Targeting these age ranges will maximize study power to 
measure differences between the PMC intervention and 
standard of care in each country within the 18-month 
study period. The target age range was also defined to 
ensure at least one sampling time point after the final 
potential PMC dose to observe any change in risk of 
malaria infection after aging out of the intervention [13]. 
Recruitment into the active cohort will continue until the 
target sample size is achieved.

At the initial household visit for children enrolled in 
the active cohort, field workers will record the household 
and child ID number assigned during the census and 
collect detailed information related to malaria risk fac-
tors including household construction and use of vector 
control interventions. A detailed questionnaire on recent 
fevers, malaria history, care seeking behaviours, EPI vac-
cines received to date, and other relevant factors will also 
be collected. Children will be assessed for fever, anaemia, 
malaria, and malnutrition. First, forehead temperature 
will be taken using an infrared thermometer with fever 
defined as those with temperature > 37.5  °C. A capillary 
blood sample by heel or fingerpick will be collected using 
a sterile lancet and aseptic technique on all children. 
The blood sample will be used to measure: (i) haemoglo-
bin (Hb) levels with a photometer (HemoCue® Hb 301, 
Angleholm, Sweden), devices, (ii) conduct a malaria rapid 
diagnostic test (RDT), (iii) prepare a thin and thick blood 

slide for malaria microscopy and (iv) to collect blood 
spots on filter paper. The mid-upper-arm circumference 
will be collected from all enrolled children to screen for 
malnutrition and monitor growth trajectories over time. 
Treatment for malaria, anaemia and malnutrition will be 
offered according to national guidelines. Any children 
with a fever or who are severely ill will be referred to the 
nearest health facility for treatment.

Each child in the active cohort will be followed-up for a 
maximum of seven visits at three-monthly intervals over 
18 months, including the initial recruitment visit plus 
six subsequent follow-up visits (Fig. 4). During follow up 
visits at the household, verbal consent from the primary 
caregiver for continued participation of their child in 
the study will be recorded. A short questionnaire will be 
completed to collect data about any malaria or anaemia 
diagnosis or receipt of PMC since the last study visit, at 
which health facility care was sought and other relevant 
information. A blood sample will be collected following 
the same procedures outlined above.

Adverse events and safety of receiving PMC will be 
monitored by the MoH as part of the routine program-
matic implementation of this intervention. Participant 
safety will be monitored throughout the study period and 
any adverse effects related to study procedures will be 
investigated using standardised procedures and managed 
according to national guidelines.

Sample size
For the passive cohort, we will monitor all eligible chil-
dren enrolled in the study and will therefore, will con-
stitute a population sample. For the active cohort, the 

Fig. 4  Title: Overview of impact evaluation study activities
Legend: Timeline of the impact evaluation study activities including when the different study components take place and when they overlap
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sample size was calculated to ensure 80% power at the 
5% significance level, assuming an intra-cluster correla-
tion coefficient of 0.25, and accounting for a 3:1 sampling 
ratio of intervention to control to ensure sufficient power 
to assess any variation in PMC effectiveness accord-
ing to distance to the EPI facility. However, the specific 
sample size for the number of EPI facilities and children 
to include in the active cohort was calculated separately 
for each study site to account for the differences in PMC 
implementation (Fig. 1).

In Cameroon, we expect a 30% reduction in malaria 
incidence in intervention compared to control areas, 
requiring 26 intervention and 9 control EPI facilities are 
required. With a 20% expected loss to follow-up rate, 
we require 1,560 in the intervention and 540 children 
in the control area over the 18 months of observation in 
the active cohort. In Côte d’Ivoire, the standard of care 
currently being implemented by the NMP is no doses, 
so the difference between in the number of SP contacts 
between arms is 5. Therefore, we expect a 40% reduc-
tion in malaria incidence in intervention compared to 
control areas. Accordingly, 14 and 5 EPI facilities will be 
required in the intervention and control areas, respec-
tively. Assuming a conservative loss to follow-up rate of 
20%, we require 1,148 and 410 children in the interven-
tion and control areas, respectively, over the 18 months 
of observation in the active cohort.

Consenting procedures
During the census written informed consent will be 
obtained from the head of household and the primary 
caregiver of each eligible household and child. The poten-
tial participant will be reassured that refusal to partici-
pate or withdraw from the study at any point will have 
no impact on access to EPI vaccinations, PMC or routine 
health care. The head of household and/or primary care-
giver will then be asked to sign the form as consent for 
their household and any eligible children to participate in 
the study, respectively. If the potential signatory is unable 
to sign, an independent adult witness not involved in the 
study, will sign on their behalf and the head of household 
or primary caregiver will provide a thumbprint mark-
ing their consent. If the signatory of a household/child is 
below the age of majority, defined as a person who is at 
least 21 in Cameroon and 18 years of age in Côte d’Ivoire, 
they will be asked to provide assent to confirm their will-
ingness for their household/child to participate in the 
study in addition to consent from an appropriate person 
of legal age. A second consent form will be completed for 
permission for long-term storage and future use of the 
samples collected. Any amendments to the study proto-
col will be approved by all relevant ethics review boards 
and participants will provide additional consent, as 
described above, for the changes.

Data analysis
The primary analysis will be based on intention to treat 
(ITT), including all children residing in the interven-
tion area as the exposed group. All available data up to 
the time of censuring (e.g., loss to follow-up, withdrawal, 
death, or study completion), irrespective of whether the 
child received any, part, or all the intended PMC doses. 
An additional per-protocol analysis will be completed 
which includes children who received at least one dose, 
all doses, or specific doses of PMC. The period of protec-
tion provided by SP is up to one-month post treatment 
and thus will constitute the protective window of those 
receiving the intervention. Data for both countries will 
be combined for analysis as well as assessed separately to 
ensure context specific nuances are fully assessed.

Incidence rates for malaria and anaemia will be cal-
culated using multivariable Poisson regression, differ-
ence-in-difference, and interrupted time-series models 
comparing intervention and control areas [14–16]. Inci-
dence rates, rate differences, and rate ratios between 
intervention and control area will be calculated for the 
ITT and per-protocol analysis. Malaria incidence will be 
determined by the number of malaria cases confirmed by 
either RDT or microscopy identified in either the passive 
or active cohort. Person-time at risk for each study out-
come will be calculated based on the date of recruitment 
into the study population until the date of censuring 
or study end. For children who leave the study prior to 
the end date, the date of exit will be the date where they 
moved, withdrew from the study, or died. If that date is 
not known, the midpoint between the date of last contact 
and the date the loss was detected will be used. Protec-
tive effectiveness will be calculated for the intervention 
period including the 18 months of follow-up for the peri-
ods where PMC doses differ, stratified by first and second 
year of life, as well as during the post-intervention period, 
starting at 24 or 18 months of age in Cameroon and Côte 
d’Ivoire, respectively, to estimate any potential rebound 
in malaria.

Where there are repeated measures per child, random 
effects or generalising estimating equations models will 
be used to adjust for non-independence of the data from 
the same individual. Regression models will assess factors 
associated with incidence of malaria infection including 
demographic variables, malaria history, reported vector 
control use, socio economic position, amongst others 
[17]. Transmission intensity, type of PMC delivery mode, 
impact of the estimated protective window of SP, and 
other factors will be adjusted for to assess their impact 
on the incidence trends [18]. Subgroup analysis will con-
stitute assessing the impact of distance to the health facil-
ity as a proxy for access to health services according to 
the study endpoints highlighted above. Distance will 
be assessed according to tertials of distance of all study 
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participants to their nearest health facility and as a con-
tinuous variable. Alternate model forms including inter-
action terms as well as semiparametric approaches to 
account for time-varying intervention effects to account 
for the expected 4-week prophylactic period of SP will be 
tested [19]. Because of the challenges in confirming cause 
of death in those who die in the community and the 
assumption that severe malaria cases will seek care at a 
health facility, only the passive cohort data will be used to 
assess these secondary outcomes [20]. An interim analy-
sis will be conducted after the 4th active cohort visit and 
the study will be reported according to the ‘Strengthen-
ing the reporting of observational studies in epidemiol-
ogy’ (STROBE) guidelines [21].

Data collection and management
All data from the census, passive case detection and 
active case detection activities will be collected using 
electronic case record forms (eCRFs) using Open Data 
Kit (ODK [https://opendatakit.org]) and encrypted pass-
word protected Android devices. Completed eCRFs will 
be securely transferred to a 256-bit SSL encrypted and 
fire-walled ODK server, which is hosted at LSHTM [22]. 
We will design eCRFs in English and French languages 
to collect data on all aspects of the study, including, EPI 
vaccinations and SP distribution, longitudinal follow-
up of children and all health facility visits. Automated 
programmes in R statistical software will push data to 
REDCap, software that is compliant with Good Clinical 
Practice for storing an audit trail of changes made dur-
ing data cleaning, data management and further quality 
control checks [23]. Electronic data entry quality will be 
ensured by real-time error capture on ODK eCRFs, inter-
nal validation, consistency checks and stringent format-
ting constraints. The study protocol, standard operating 
procedures, data collection tools and other study docu-
ments will be freely available on request from coinvesti-
gators and from the data repository website.

Patient and public involvement and participant 
remuneration
The views of the relevant stakeholders were instrumen-
tal in developing the study protocol. Firstly, the interven-
tion was designed during a co-creation workshop where 
stakeholders met to agree on the number, timing, and 
modality of SP doses as well as which areas would be 
included in the pilot implementation. Secondly, meetings 
with the clinical staff in the study areas as well as com-
munity leaders were held to provide input on the study 
procedures, including the eligibility criteria, piloting the 
questionnaire and other data collection mechanisms.

As is standard practice in both countries, study partici-
pants will not receive any financial renumeration for their 
participation. No payments for participants’ time or any 

costs associated with a routine health visit will be cov-
ered. As per the national strategy in both settings, all EPI, 
Vitamin A, and PMC services are free. For children par-
ticipating in the active cohort all tests and any provided 
treatment will be provided at no cost to the participant.

Dissemination of project findings
Dissemination of the study findings we will take mul-
tiple forms to maximise the reach of the information. 
Firstly, stakeholder meetings will take place within each 
study country where the interim and final results will be 
presented to inform programmatic decision-making on 
PMC implementation. Stakeholders will consist of the 
relevant NMP representative involved in policy as well 
as members of the community where the research took 
place so clinicians, CHWs, and the participants can see 
how their participation benefited research and translated 
into the results obtained. Peer-reviewed publications and 
presentations at national and international meetings will 
allow the results to be disseminated to the relevant sci-
entific community. Authorship will follow the interna-
tional committee of medical journal editors and equitable 
partnership guidelines. All papers will be submitted for 
publication in open access journals and anonymized data 
will be available for future research on institutional data 
repositories that can benefit the communities, where 
appropriate ethical approvals are in place.

Discussion
Targeting malaria chemoprevention to those most at-
risk of severe malaria has been identified as an important 
strategy to reduce morbidity and mortality in vulnerable 
populations. This is the first multi-country, large-scale 
population observational cohort study that will investi-
gate the effectiveness of programmatically delivered PMC 
into the second year of life. This research will gener-
ate unique and well characterised population cohorts of 
children followed-up over 18-months in peri-urban and 
rural African settings. By combining multiple evaluation 
approaches including both passive and active cohorts, we 
will be able to address many policy-relevant and imple-
mentation questions. Our methodological innovations 
include use of unique ID numbers per child in both the 
passive and active cohorts which enables collection and 
linking of data across multiple health services including 
EPI vaccination visits, treatment seeking episodes, and 
any active cohort visits. Similarly, the inclusion of moni-
toring the older children, beyond the age of PMC eligi-
bility, ensures an internal control as well as monitor the 
potential impact of PMC on malaria as children age out 
of the programme [24]. The current study builds on the 
growing evidence of how chemoprevention strategies can 
reduce malaria morbidity and mortality when targeted to 
high-risk populations and can be integrated into routine 

https://opendatakit.org
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health services to facilitate rapid scale-up [5]. The partici-
patory approach to research design as well as strong col-
laborations with national and international policy makers 
will ensure that the study results are relevant and can be 
translated widely to inform national policy and practice.

Although PMC is a WHO recommended strategy, 
there are several gaps in the current evidence that if filled, 
would help support how, when, and where to implement 
this strategy to achieve maximum impact. Firstly, the 
available malaria interventions targeting a reduction in 
morbidity and mortality, including the recently licensed 
vaccine, are imperfect and thus only confer partial pro-
tection [10, 25]. Therefore, NMPs are faced with having 
to make decisions on which interventions to invest in, 
targeted to which populations, where and when. Under-
standing how the additional doses of SP over the first two 
years of life impacts malaria burden as well as important 
nuances including which doses confer more protection 
and why (e.g., low coverage at a given EPI contact point, 
administered in the low vs. high malaria transmission 
season etc.) will provide needed evidence to help jus-
tify and optimise PMC implementation [9]. Secondly, 
controlled trials are essential for generating evidence to 
inform policy changes and subsequent recommendations 
for given interventions. However, when such interven-
tions are implemented in a programmatic setting, they 
are unlikely to achieve the same degree of impact as 
when done in a controlled setting. Our study will address 
this specific gap and directly measure the programmatic 
effectiveness of PMC with SP while the robust study 
design allowing in depth analysis of key questions includ-
ing any dose-response effect, which doses maximizes 
impact, amongst others. This evaluation using real-world 
data, will therefore, fill important knowledge gaps while 
simultaneously supporting broader analysis on cost-
effectiveness of the intervention or the implications of 
parasite drug-resistance profiles on the protective effec-
tiveness of SP.

In conclusion, our research team will undertake a com-
prehensive and robust evaluation of the effectiveness of 
PMC to reduce malaria burden. Global trends in malaria 
have had recent trends in reducing burden stagnating or 
in some cases, increasing. Therefore, new evidence-based 
strategies are urgently needed to expand the arsenal of 
malaria control tools available. The participatory and 
inclusive nature of the study design and broader research 
collaboration ensures the potential for the findings to be 
widely implemented by other NMPs wanting to expand 
their arsenal of options available to help reveres these 
trends.

Abbreviations
CHW	� Community Health Worker
CI	� Confidence Interval
eCRF	� Electronic Case Record Form

EPI	� Essential Programme of Immunization
Hb	� Haemoglobin
IPTi	� Intermittent Preventative Treatment for malaria in Infants
ITT	� Intention to Treat
NMP	� National Malaria Programme
MoH	� Ministry of Health
ODK	� Open Data Kit
PMC	� Perennial Malaria Chemoprevention
RDT	� Rapid Diagnostic Test
SP	� Sulfadoxine-Pyrimethamine
WHO	� World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-024-19887-8.

Supplementary file 1: Model information sheets and consent forms for 
each study element.

Supplementary Material 2

Acknowledgements
Not applicable.

Author contributions
GS, SL wrote the first draft of the manuscript, JB, SC, RG, RMC reviewed the 
manuscript and made significant contributions to the protocol. JB wrote 
sections on sample size. AN, SA, JM, AM, GGL, MG, JS, AL, TM, ZBK, MA, KA, 
WFM, WY reviewed the paper and are involved in the field operations of the 
study. All authors approved of the manuscript.

Funding
This work was supported by Unitaid as part of a larger implementation project 
managed by Population Services International (Ref: 101150IC awarded to RG). 
The funder plays no part in the design or conduct of this study. The study has 
undergone full external peer review before the grant was awarded and has 
been registered on clinicaltrials.gov (Cameroon - NCT05889052; Côte d’Ivoire - 
NCT05856357) on June 5, 2023.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This study has been approved by the Cameroon (Ref: 0977/A/MSP/SESP/SG/
DROS), Côte d’Ivoire (Ref: 001–23/MSHPCMU/CNESVS-km), WHO (Ref: ERC 
#0003780), London School of Hygiene & Tropical Medicine (Ref: 27988) and 
University of South Florida (Ref: STUDY005096) Research Ethics Committees. 
Head of household and parental/caregiver written informed consent will be 
obtained prior to inclusion or recruitment in the census as well as the passive 
and active cohort activities. Results will be disseminated via the local malaria 
programmes, WHO, peer-reviewed publications and conference presentations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Epidemiology, College of Public Health, University of 
South Florida, 13201 Bruce B Downs Blvd, Tampa, FL, USA
2Department of Infection Biology, Faculty of Infectious and Tropical 
Diseases, London School of Hygiene & Tropical Medicine, Keppel Street, 
London, UK
3Department of Disease Control, Faculty of Infectious and Tropical 
Diseases, London School of Hygiene & Tropical Medicine, Keppel Street, 
London, UK

https://doi.org/10.1186/s12889-024-19887-8
https://doi.org/10.1186/s12889-024-19887-8


Page 11 of 11Stresman et al. BMC Public Health         (2024) 24:2430 

4Fobang Institute for Innovation in Science and Technology, 14 
Missionary Road, Simbok, Yaounde, Cameroon
5Department of Biochemistry, Faculty of Sciences, The University of 
Yaounde I, Yaounde, Cameroon
6National Institute of Public Health, B.P. V47, Abidjan, Côte d’Ivoire
7UFR of Pharmaceutical and Biological Sciences, Department of 
Parasitology-Mycology, Félix Houphouët-Boigny University,  
Abidjan B.P. V34, Côte d’Ivoire
8Department of Epidemiology and Biostatistics,, University of California 
San Francisco, San FranciscoCalifornia, USA

Received: 6 June 2024 / Accepted: 26 August 2024

References
1.	 World Malaria Report. 2022. In. Geneva, Switzerland: Global Malaria Program, 

World Health Organization; 2022.
2.	 World Malaria Report. 2020. In. Geneva, Switzerland: Global Malaria Program, 

World Health Organization; 2020.
3.	 World Malaria Report. 2023. In. Geneva, Switzerland: Global Malaria Program, 

World Health Organization; 2023.
4.	 Chilot D, Mondelaers A, Alem AZ, Asres MS, Yimer MA, Toni AT, Ayele TA. 

Pooled prevalence and risk factors of malaria among children aged 6–59 
months in 13 sub-saharan African countries: a multilevel analysis using recent 
malaria indicator surveys. PLoS ONE. 2023;18(5):e0285265.

5.	 Esu EB, Oringanje C, Meremikwu MM. Intermittent preventive treatment for 
malaria in infants. Cochrane Database Syst Rev. 2021;7(7):Cd011525.

6.	 Ross A, Maire N, Sicuri E, Smith T, Conteh L. Determinants of the cost-
effectiveness of intermittent preventive treatment for malaria in infants and 
children. PLoS ONE. 2011;6(4):e18391.

7.	 Malaria prevention works. let’s close the gap. In. Geneva, Switzerland: Global 
Malaria Program. World Health Organization; 2017.

8.	 WHO technical consultation. To review the role of drugs in malaria preven-
tion for people living in endemic settings: meeting report, 16–17 October 
2019. In. Geneva, Switzerland: Global Malaria Program, World Health Organi-
zation; 2019.

9.	 WHO Guidelines for Malaria. In. Geneva, Switzerland: global Malaria Program. 
World Health Organization; 2022.

10.	 Runge M, Stahlfeld A, Ambrose M, Toh KB, Rahman S, Omoniwa OF, Bever CA, 
Oresanya O, Uhomoibhi P, Galatas B, et al. Perennial malaria chemopreven-
tion with and without malaria vaccination to reduce malaria burden in young 
children: a modelling analysis. Malar J. 2023;22(1):133.

11.	 Center M, McGirr A, Skjefte M, Ekobika LC, Bahibo H, Mhantumbo E, Wakpo B, 
Hounto A, Kokrasset C, Candrinho B et al. Tailoring malaria control interven-
tions to suit local context: co-design of perennial malaria chemoprevention 
(PMC) programs through the Plus project. BMJ Glob Health Under Review.

12.	 Statistics NIo, Program NMC. ICF: Cameroon Malaria Indicator Survey 2022: 
Key indicators Report. In. Yaounde, Cameroon and Rockville. Maryland, USA: 
NIS, NMCP, ICF; 2023.

13.	 Greenwood B, Zongo I, Dicko A, Chandramohan D, Snow RW, Ockenhouse C. 
Resurgent and delayed malaria. Malar J. 2022;21(1):77.

14.	 Jakubowski A, Stearns SC, Kruk ME, Angeles G, Thirumurthy H. The US Presi-
dent’s Malaria Initiative and under-5 child mortality in sub-saharan Africa: a 
difference-in-differences analysis. PLoS Med. 2017;14(6):e1002319.

15.	 Janko MM, Recalde-Coronel GC, Damasceno CP, Salmon-Mulanovich G, 
Barbieri AF, Lescano AG, Zaitchik BF, Pan WK. The impact of sustained malaria 
control in the Loreto region of Peru: a retrospective, observational, spatially-
varying interrupted time series analysis of the PAMAFRO program. Lancet 
Reg Health Am. 2023;20:100477.

16.	 Roh ME, Shiboski S, Natureeba P, Kakuru A, Muhindo M, Ochieng T, Plenty A, 
Koss CA, Clark TD, Awori P, et al. Protective effect of indoor residual spraying 
of insecticide on Preterm Birth among pregnant women with HIV infection in 
Uganda: a secondary data analysis. J Infect Dis. 2017;216(12):1541–9.

17.	 Guinovart C, Dobano C, Bassat Q, Nhabomba A, Quinto L, Manaca MN, Agui-
lar R, Rodriguez MH, Barbosa A, Aponte JJ, et al. The role of age and exposure 
to Plasmodium Falciparum in the rate of acquisition of naturally acquired 
immunity: a randomized controlled trial. PLoS ONE. 2012;7(3):e32362.

18.	 Selvaraj P, Wenger EA, Gerardin J. Seasonality and heterogeneity of malaria 
transmission determine success of interventions in high-endemic settings: a 
modeling study. BMC Infect Dis. 2018;18(1):413.

19.	 Xu J, Lam KF, Chen F, Milligan P, Cheung YB. Semiparametric estimation 
of time-varying intervention effects using recurrent event data. Stat Med. 
2017;36(17):2682–96.

20.	 Bassat Q, Blau DM, Ogbuanu IU, Samura S, Kaluma E, Bassey IA, Sow S, Keita 
AM, Tapia MD, Mehta A, et al. Causes of death among infants and children in 
the Child Health and Mortality Prevention Surveillance (CHAMPS) Network. 
JAMA Netw Open. 2023;6(7):e2322494.

21.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke 
JP, Initiative S. The strengthening the reporting of Observational studies in 
Epidemiology (STROBE) statement: guidelines for reporting observational 
studies. J Clin Epidemiol. 2008;61(4):344–9.

22.	 Marks M, Lal S, Brindle H, Gsell PS, MacGregor M, Stott C, van de Rijdt M, 
Almazor GG, Golia S, Watson C, et al. Electronic Data management for vaccine 
trials in low resource settings: upgrades, scalability, and impact of ODK. Front 
Public Health. 2021;9:665584.

23.	 Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, McLeod L, 
Delacqua G, Delacqua F, Kirby J, et al. The REDCap consortium: building 
an international community of software platform partners. J Biomed Inf. 
2019;95:103208.

24.	 Asante KP, Mathanga DP, Milligan P, Akech S, Oduro A, Mwapasa V, Moore 
KA, Kwambai TK, Hamel MJ, Gyan T, et al. Feasibility, safety, and impact of 
the RTS,S/AS01(E) malaria vaccine when implemented through national 
immunisation programmes: evaluation of cluster-randomised introduction of 
the vaccine in Ghana, Kenya, and Malawi. Lancet. 2024;403(10437):1660–70.

25.	 Bhatt S, Weiss DJ, Cameron E, Bisanzio D, Mappin B, Dalrymple U, Battle 
KE, Moyes CL, Henry A, Eckhoff PA, et al. The effect of malaria control 
on Plasmodium Falciparum in Africa between 2000 and 2015. Nature. 
2015;526(7572):207–11.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Effectiveness of malaria chemoprevention in the first two years of life in Cameroon and Côte d’Ivoire compared to standard of care: study protocol for a population-based prospective cohort impact evaluation study
	﻿Abstract
	﻿Background
	﻿Overview of PMC intervention
	﻿Aims and objectives

	﻿Methods
	﻿Study site
	﻿Cameroon
	﻿Côte d’Ivoire
	﻿Study design
	﻿Census
	﻿Passive cohort
	﻿Active cohort
	﻿Sample size
	﻿Consenting procedures
	﻿Data analysis
	﻿Data collection and management
	﻿Patient and public involvement and participant remuneration
	﻿Dissemination of project findings

	﻿Discussion
	﻿References


