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ABSTRACT
Background In 2012, the WHO issued a policy 
recommendation for the use of seasonal malaria 
chemoprevention (SMC) to children 3–59 months in areas of 
highly seasonal malaria transmission. Clinical trials have found 
SMC to prevent around 75% of clinical malaria. Impact under 
routine programmatic conditions has been assessed during 
research studies but there is a need to identify sustainable 
methods to monitor impact using routinely collected data.
Methods Data from Demographic Health Surveys were 
merged with rainfall, geographical and programme data in 
Burkina Faso (2010, 2014, 2017) and Nigeria (2010, 2015, 
2018) to assess impact of SMC. We conducted mixed- effects 
logistic regression to predict presence of malaria infection in 
children aged 6–59 months (rapid diagnostic test (RDT) and 
microscopy, separately).
Results We found strong evidence that SMC 
administration decreases odds of malaria measured 
by RDT during SMC programmes, after controlling for 
seasonal factors, age, sex, net use and other variables 
(Burkina Faso OR 0.28, 95% CI 0.21 to 0.37, p<0.001; 
Nigeria OR 0.40, 95% CI 0.30 to 0.55, p<0.001). The 
odds of malaria were lower up to 2 months post- SMC in 
Burkina Faso (1- month post- SMC: OR 0.29, 95% CI 0.12 
to 0.72, p=0.01; 2 months post- SMC: OR: 0.33, 95% CI 
0.17 to 0.64, p<0.001). The odds of malaria were lower 
up to 1 month post- SMC in Nigeria but was not statistically 
significant (1- month post- SMC 0.49, 95% CI 0.23 to 
1.05, p=0.07). A similar but weaker effect was seen for 
microscopy (Burkina Faso OR 0.38, 95% CI 0.29 to 0.52, 
p<0.001; Nigeria OR 0.53, 95% CI 0.38 to 0.76, p<0.001).
Conclusions Impact of SMC can be detected in reduced 
prevalence of malaria from data collected through household 
surveys if conducted during SMC administration or within 2 
months afterwards. Such evidence could contribute to broader 
evaluation of impact of SMC programmes.

BACKGROUND
In 2012, the WHO issued a policy recom-
mendation for the use of seasonal malaria 
chemoprevention (SMC), previously known 

as intermittent preventive treatment in chil-
dren (IPTc), in areas of highly seasonal 
malaria transmission across the Sahel sub- 
region of Africa.1 2 Areas most suited for this 
intervention are characterised as having on 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Seasonal malaria chemoprevention (SMC) is a safe 
and effective intervention for preventing clinical 
malaria cases in children 6–59 months of age with 
a protective efficacy of 74% (95% CI 62% to 83%, 
p<0.001).

 ⇒ The impact under routine programme conditions has 
been assessed through research studies, however, 
sustainable methods of measurement still need to 
be identified.

WHAT THIS STUDY ADDS
 ⇒ Data from Demographic Health Surveys (DHS)/
Malaria Indicator Surveys (MIS) are of high quality 
but have been previously overlooked in the context 
of measuring impact of SMC.

 ⇒ There is a decrease in odds of rapid diagnostic test- 
positive malaria infection in children living in areas 
during SMC administration in Burkina Faso (OR 0.28, 
95% CI 0.21 to 0.37, p<0.001) and Nigeria (OR 0.40, 
95% CI 0.30 to 0.55, p<0.001). This protective effect 
remains for up to 2 months post- SMC administration 
in Burkina Faso.

 ⇒ Impact was also seen in microscopy- confirmed in-
fection for both countries but the effect was smaller.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

 ⇒ Data from DHS/MIS can be used with programme 
data from the same time period to measure impact 
of SMC in prevalence of malaria.

 ⇒ Ongoing SMC impact should be taken into account 
when estimating country malaria burden estimates 
from household surveys of malaria prevalence in 
children under 5.
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average more than 60% of clinical cases occurring within 
a consecutive 4- month period, more than 60% of annual 
rainfall within 3 months, and >0.1 malaria attacks per 
child per transmission season.3 4

The intervention involves the administration of full 
courses of antimalarial sulfadoxine- pyrimethamine and 
amodiaquine (SPAQ) to children 3–59 months, to prevent 
malaria by maintaining therapeutic drug concentrations 
in the blood. Typically, each course is administered at 
monthly intervals at the beginning of the high transmis-
sion season by community distributors who administer 
one dose of SPAQ in person. Two further doses of AQ are 
administered by the caregiver; one dose on the second 
day and one dose on the third day since the administra-
tion of the first dose.5 Each full course of SPAQ provides 
protection for approximately 1 month.6 The full course 
and protective period are referred to as a ‘cycle’ of SMC.

SMC has been proven to be safe and effective.7 8 A meta- 
analysis of six randomised controlled trials in children 
under 5 in west Africa found a protective efficacy against 
clinical malaria of 74% (95% CI 62% to 83%, p<0.001).8 
It is important to monitor and evaluate impact of malaria 
control interventions outside of trial settings to identify 
issues in implementation such as adherence, coverage or 
drug resistance.7 9 Impact evaluations of malaria control 
programmes measure the effect on population- level 
malaria indicators in relation to programme targets using 
a counterfactual.9 Data from national routine health 
management information systems (HMIS) provide longi-
tudinal data, allowing evaluation of key outcomes such 
as malaria incidence, over time with counterfactual 
scenarios.9–11

It can be challenging to identify impact in routine data 
due to issues in data quality, measurement error and bias. 
For example, over the years 2013–2018 in Burkina Faso, 
average monthly malaria cases per health facility in chil-
dren under 5 years have generally increased (figure 1) 
despite the fact that SMC was introduced from 2014. A 
simple examination of the data could suggest a lack of 
SMC impact. However, during this period, there were 
changes in access to health services such as removal of 
user fees for children under 5, improvement in case 
detection and diagnostics, changes in denominator or 
conversely stock- outs of diagnostics and treatments or 
health facility closures. Overall, there are concerns in 
using HMIS data, which makes it difficult to estimate the 
true impact of the programme unless confounders are 
accurately accounted for (for example, as done in anal-
yses by Baba et al12 or Namuganga et al13).9 14 15

The most extensive impact evaluation to date, the 
Achieving Catalytic Expansion of SMC in the Sahel 
(ACCESS- SMC) programme, analysed HMIS case data in 
children under 5 from 2015 to 2016 using a difference- 
in- differences approach, with children over 5 as the 
comparison group to control for confounders.12 Average 
reductions of confirmed outpatient malaria cases in 2015 
and 2016 were 41% and 48% in Burkina Faso; and 26% 
and 25% in Nigeria, respectively.12 These results are 
lower than expected given the high coverage and efficacy 
estimates from the case- control studies (efficacy 28 days 
post- SMC: 92% in Burkina Faso and 83% in Nigeria).12

Druetz et al also conducted a quasi- experimental 
study of children aged 3–71 months using a pre–post 
non- randomised control group design in Kaya district 

Figure 1 Monthly average RDT- confirmed malaria cases per facility by year of introduction, Burkina Faso (2013–2018). Data 
are shown for children under 5 years old and in those over 5 years old (National HMIS data, Ministry of Health Burkina Faso). 
Districts that introduced SMC after the study period in 2019 are noted as ‘No SMC’. Health facilities that reported data in at 
least 8/12 months of the year and 3 out of the 4 SMC administration months are shown. HMIS, health management information 
systems; RDT, rapid diagnostic test; SMC, seasonal malaria chemoprevention.
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in Burkina Faso over 2014–2015.16 A reduction in 
malaria parasitaemia of 62% (95% CI 48% to 71%) was 
measured up to 4 weeks after the end of the first SMC 
cycle.16 Diawara et al conducted a non- randomised prag-
matic trial in Mali with a pre–post study design in 2014. 
They measured malaria parasitaemia by blood smear 
before and 1 month post- SMC and found a reduction of 
65% (95% CI 34% to 81%) with a difference in differ-
ences analysis.17 An analysis of the 2015 Mali Malaria 
Indicator Survey (MIS) found that rapid diagnostic test 
(RDT) prevalence in children who reported taking SMC 
dropped by 44% during SMC administration and up to 
3 months after.18 Other MIS surveys have not routinely 
included SMC indicators.

Triangulating results from various impact evaluations 
using different data sources can address gaps or biases as 
well as strengthen evidence of programme impact. One 
approach that has been overlooked in the context of 
SMC is to combine implementation data with household 
surveys, which provide population representative data 
not subject to the same issues as routine data.9 14 15 Survey 
data are standardised, use the same diagnostic methods 
and the same definitions of indicators over time allowing 
for comparison over multiple years. However, surveys are 

conducted at long and sometimes varying intervals that 
are not specific to the timeliness of programmes (eg, 
the time period of the survey may not match the period 
in which the intervention took place); this is important 
because SMC impact will vary depending on when data 
are collected in relation to the transmission season and 
the administration schedule.

Here, we analyse MIS data from Burkina Faso and 
Nigeria to determine if SMC impact is detectable in Demo-
graphic Health Surveys (DHS)/MIS data after allowing 
for survey timing and other potential confounders. 
We chose these countries because the availability of 
programme data and the surveys were conducted before, 
during and after SMC. To our knowledge, no previous 
analysis on malaria prevalence using routine household 
surveys in Burkina Faso and Nigeria has been conducted.

METHODS
Data
We used data collected through nationally represent-
ative household surveys by the DHS programme in 
Burkina Faso in 2010, 2014, 2017 and Nigeria in 2010, 
2015, 2018 (figure 2).19 During these surveys, blood 

Figure 2 Timing of rainfall, SMC administration and MIS data collection by month and year, Burkina Faso and Nigeria. Data 
shown are for prevalence of malaria measured by DHS/MIS and average monthly millimetres (mm) of rainfall by month and year 
of survey in Burkina Faso and Nigeria. Prevalence of malaria diagnosed by RDT by survey is shown by the red line spanning 
the months of data collection. Average monthly mm of rainfall is shown by the blue line. The timing of SMC administration is 
shown in comparison to the rainfall and survey data collection in teal. In Burkina Faso in 2014, there were seven health districts 
with SMC administration surveyed and in 2017 there were 56. In Nigeria in 2015, there were 6 LGAs with SMC administration 
surveyed and in 2018 there were 46. DHS, Demographic Health Survey; LGAs, local government areas; MIS, Malaria Indicator 
Surveys; RDT, rapid diagnostic test; SMC, seasonal malaria chemoprevention.
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samples were taken from children 6–59 months after 
obtaining informed consent from caregivers, and tested 
for malaria by RDT and microscopy, which serve as sepa-
rate endpoints for this analysis.20 Standard Diagnostic 
(SD) Bioline Pan/Plasmodium falciparum (Pf) RDT was 
used in all the surveys except the 2010 MIS in Nigeria. 
SD Bioline RDT detects the histidine- rich protein 2 
(HRP- 2) antigen and Plasmodium lactate dehydrogenase 
for the five species of Plasmodium.20–25 The 2010 MIS in 
Nigeria used the Paracheck Pf RDT, which tests for Pf.23 
The different RDTs in Nigeria would have minimal effect 
on the results for the RDT analysis as they have similar 
sensitivities.26

DHS/MIS used a randomised two- stage stratified 
sampling approach representative at the province level in 
Burkina Faso and state level in Nigeria.22 25 The sampling 
methodology, response rate, number of sampling strata 
and households are described in survey reports.20–25 
Briefly, the primary sampling units are the enumeration 
areas defined by country census, selected using proba-
bility proportional to population size based on number 
of households and stratified into urban and rural areas.

To locate clusters within health district/local govern-
ment area (LGA), global positioning system (GPS) coor-
dinates were merged with spatial data from the Burkina 
Faso Mapping Institute (Burkina Faso) and GADM 
(Global Administrative Areas) (Nigeria) using Quantum 
Geographic Information System V.3.4.1.27 28 DHS/MIS 
adds error to the GPS locations of clusters for anonymity: 
typically, 2–5 km, but sometimes reaching up to 10 km 
(approximately 1% of clusters). This error is added such 
that clusters remain within the regional/state boundaries 
but may cross boundaries for lower administrative levels. 
Therefore, it is possible that some clusters may be allo-
cated to neighbouring health districts/LGAs.

Programme data on introduction of SMC by district 
and year were merged with survey data since SMC 
indicators were not included in DHS/MIS surveys. In 
Burkina Faso, the entire country is eligible for SMC so all 
health districts surveyed were included. These data were 
obtained from the ministry of health. SMC was intro-
duced in a phased approach starting with seven districts 
in 2014 and reached 59 districts in 2017. By 2019, the 
programme reached 100% geographical coverage across 
the 70 districts.

In Nigeria, only 9 of the 36 states plus the Federal 
Capital Territory were originally eligible for SMC.29 
Only these states are included in this analysis, although, 
following a stratification exercise a total of 21 states are 
now eligible.30 This data was obtained from a review of 
grey literature.31–34 SMC was also introduced in Nigeria 
in a phased manner starting in 2013 with two LGAs in 
Katsina state.31 By 2018 the programme had scaled up to 
include 63 LGAs across 6 states (Borno, Katsina, Jigawa, 
Sokoto, Yobe, Zamfara).32–34

Rainfall data were obtained from the Climate Hazards 
Group InfraRed Precipitation with Station database at 
the coordinates of the survey cluster.35

Statistical analysis
Individual child data were analysed using logistic regres-
sion to predict presence of malaria infection (RDT or 
microscopy, separately). Random intercepts were fitted 
by health district or LGA. To adjust for seasonal varia-
tion in transmission, rainfall was included in the analysis 
by considering the total metres (m) of rainfall 4 months 
prior to the survey discarding the 1 month preceding 
due to the lag between rainfall and clinical malaria cases 
caused by vector population dynamics and the latent stage 
of the parasite. Sensitivity analyses were conducted using 
rainfall data for 1, 3 and 5 months prior to the survey. 
No change in the ORs were observed. In Burkina Faso, 
a generalised additive model was used, and a cyclic cubic 
spline term was fitted on month to further adjust for 
seasonal factors beyond rainfall using the mgcv package 
in R (V.3.5).36 For Nigeria, the surveys only spanned from 
August–December, so month was included as a categor-
ical variable.

First, a bivariate analysis (including random intercepts 
for health district/LGA) was conducted to assess for 
crude associations between each variable and presence 
of infection. All covariates of interest were identified a 
priori and included in the model: SMC administration 
(no SMC, during SMC protection, 1, 2, 3, 4, 5 months 
post- SMC protection), year, age, sex, use of a net the 
night before data collection, wealth quintile, urbanicity, 
rainfall and treatment seeking behaviour (child who has 
had an antimalarial treatment for fever from a health 
facility in the previous 2 weeks). For the SMC variable, 
‘no SMC’ refers to children living in areas that did not 
have SMC administration during the study period, or in 
areas before SMC was introduced. The SMC protective 
period was assumed to start the day of the first course to 
28 days postadministration of the last course. Each subse-
quent month was defined as 30 days intervals since the 
last day of the protective period.

Treatment rate for case management was included 
in the model as it is a possible confounder if it differs 
between SMC and non- SMC areas. Since treatment is also 
a marker for recent infection, that is, the dependent vari-
able, there could also be an argument for not including it. 
A sensitivity analysis running the model with and without 
the variable found no change in the OR for SMC impact.

The analysis was not adjusted for indoor residual 
spraying because data were not collected in every survey. 
During the survey period in Burkina Faso, there was a 
campaign in May 2010 in Diebogo. A sensitivity anal-
yses excluding this district found no change in the OR. 
In Nigeria, there were spray campaigns in Doma and 
Nassarawa- Eggon from 2011 to 2013.37 There were no 
children sampled from Doma, and Nassarawa- Eggon did 
not introduce SMC until after the study period.

Sensitivity analyses were conducted to check the robust-
ness of our results to the assumptions of the logistic regres-
sion model of normally distributed random effects for 
LGAs/districts. We reran the models using generalised 
estimating equation methods to allow for within- district/
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LGA correlation for both Burkina Faso and Nigeria. 
Additional sensitivity analyses were conducted for Nigeria 
using only states with SMC administration during the 
study period and only LGAs that had been surveyed in at 
least 2015 and 2018. There was no change to the ORs for 
SMC impact using any of these methods.

Results for unadjusted and adjusted models are 
presented for all variables included. Effect estimates 
for other variables should not be interpreted as fully 
adjusted as they would need their own adjusted models 
with consideration of causal pathways.38

RESULTS
Burkina Faso
Data from 18 016 children aged 6–59 months were 
included in the analysis over the years of 2010, 2014 and 
2017–2018 in Burkina Faso (n=6377, 6081 and 5558, 
respectively) (table 1). The three surveys took place over 
differing lengths of time and in different seasons: April 
2010–January 2011, September–December 2014 (rainy 
season) and November 2017–March 2018 (figure 2).

GPS locations for 59 out of 1070 clusters were not 
recorded and excluded as rainfall and time of SMC 
introduction could not be determined. The proportion 
of children with malaria diagnosed by RDT decreased 
sharply over the study years, from 72% in 2010 to 21% in 
2017 (table 1, online supplemental file 1), although the 
later survey was conducted during the dry season. This 
contrasts with the increase in cases over time showed by 
the HMIS data (figure 1).

Among the children who lived in a health district with 
SMC administration during the study period, 42% tested 
positive for malaria, compared with 67% of children who 
lived in a district without SMC. The sampled population 
was mostly rural (82%). Use of bed nets and antimalarial 
treatment varied over time (online supplemental file 
2). The unadjusted odds of having malaria if living in a 
district with SMC administration, allowing for random 
district effects, was significantly lower than those living in 
a district without SMC administration during the protec-
tive period (OR 0.22, 95% CI 0.18 to 0.28, p<0.001).

There were no notable differences between districts 
that introduced SMC at different times prior to 2019 in 
terms of malaria prevalence, bed net use, or treatment 
seeking. The districts that introduced SMC in 2019 had a 
lower baseline prevalence (44% vs 71%–80%). Including 
random intercepts for district, the 2010 baseline data, 
and the SMC variable in the regression model adjusts for 
these differences.

After adjustment for year, sex, age, net use, wealth, 
urbanicity, treatment seeking behaviour, rainfall and 
seasonality there remained a significant association 
between living in a district with current SMC administra-
tion and RDT- diagnosed malaria (OR 0.28, 95% CI 0.21 
to 0.37, p<0.001) (table 1). There is also strong evidence 
that the odds of malaria are lower up to 2 months 
post- SMC (1 month post- SMC: OR 0.29, 95% CI 0.12 

to 0.72, p=0.01; 2 months post- SMC: OR: 0.33, 95% CI 
0.17 to 0.64, p<0.001) (table 1, figure 3). The greatest 
change in the SMC OR on multivariable adjustment 
came from including the year and month variables in the 
model, most likely due to decreasing transmission over 
time, the different timings of the surveys and seasonality. 
After 2 months post- SMC, the impact of the intervention 
becomes less clear, with the trend showing no impact 
and subsequently moderate impact. This could be due 
to sampling variation or variable availability of data from 
different districts at different months post- SMC.

Similar results were seen with microscopy confirmed 
malaria compared with RDT- confirmed malaria, however, 
the effect was weaker (adjusted OR 0.38, 95% CI 0.29 to 
0.52, p<0.001) (online supplemental file 3, figure 3). The 
impact of SMC on microscopy confirmed malaria was 
not sustained at a statistically significant level post- SMC, 
although there was a non- significant lower prevalence in 
SMC areas.

Nigeria
Data from 6661 children 6–59 months in Nigeria in 2010, 
2015 and 2018 were included in the analysis (n=1551, 
1812 and 3298, respectively; table 2). Unlike Burkina 
Faso, the surveys took place over similar time frames and 
seasons: October–December 2010, October–November 
2015 and August–December 2018 (figure 2).

GPS locations for 13 out of 1954 clusters were missing 
and excluded from the analysis. The proportion of chil-
dren with malaria diagnosed by RDT decreased from 
58% in 2010 to 47% in 2018 (table 2, online supple-
mental file 4). The sample was mostly rural (78%), and 
the majority of the children belonged to the lowest 
two wealth quintiles (61%–68%). Crude prevalence of 
infection initially appeared similar among children in 
an LGA with SMC administration during the time of a 
survey (49%), compared with those in an LGA without 
(51%). After inclusion of LGA- level random effects, SMC 
administration was significantly associated with lower 
prevalence of infection (OR 0.45, 95% CI 0.35 to 0.57, 
p<0.001) (table 2). This is becauseLGAs with earlier SMC 
introduction had higher infection prevalence prior to 
SMC.

After adjustment for year, sex, age, net use, wealth, 
urbanicity, treatment seeking behaviour, rainfall and 
month, children living in an LGA with SMC adminis-
tration had significantly lower odds of a positive RDT 
compared with those living in an LGAwithout SMC (OR 
0.40, 95% CI 0.30 to 0.55, p<0.001) (table 2, figure 3). 
Data were only collected up to 1- month post- SMC admin-
istration, however, impact of SMC on odds of malaria 
was not significant at this time (OR 0.49, 95% CI 0.23 
to 1.05, p=0.07) (table 2, figure 3). Odds of microscopy- 
confirmed malaria infection were also lower in LGAs 
with SMC administration (OR 0.40, 95% CI 0.30 to 0.55, 
p<0.001) (online supplemental file 6, figure 3). This 
effect was not seen 1- month post- administration.
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Table 1 Stratum- specific characteristics and ORs of RDT- diagnosed malaria in children 6–59 months, Burkina Faso
Total (N=18 016)* Malaria by RDT Unadjusted† Adjusted‡

N (%) % (95% CI) OR (95% CI) P value§ OR (95% CI) P value§

SMC         

  No SMC 12 451 (69.1) 67.0 (66.1 to 67.9) 1.00 (Base)   1.00 (Base)

  During SMC 610 (3.4) 42.3 (41.3 to 43.3) 0.22 (0.18 to 0.28) <0.001 0.28 (0.21 to 0.37) <0.001

  1- month post–SMC 50 (0.3) 24.0 (23.2 to 24.8) 0.15 (0.08 to 0.31) <0.001 0.29 (0.12 to 0.72) 0.01

  2 months post- SMC 246 (1.4) 26.0 (25.1 to 26.9) 0.14 (0.09 to 0.20) <0.001 0.33 (0.17 to 0.64) <0.001

  3 months post- SMC 742 (4.1) 24.4 (23.6 to 25.2) 0.10 (0.08 to 0.12) <0.001 1.07 (0.62 to 1.87) 0.80

  4 months post- SMC 3457 (19.2) 19.4 (18.6 to 20.2) 0.07 (0.06 to 0.08) <0.001 0.70 (0.48 to 1.02) 0.06

  5 months post- SMC 351 (1.9) 12.3 (11.7 to 12.9) 0.06 (0.04 to 0.09) <0.001 0.41 (0.22 to 0.74) <0.001

  Missing 109 (0.6)     

Year       

  2010 6377 (35.4) 71.5 (70.6 to 72.4) 1.00 (Base)   1.00 (Base)   

  2014 6081 (33.8) 64.4 (63.5 to 65.3) 0.57 (0.53 to 0.62) <0.001 0.46 (0.40 to 0.53) <0.001

  2017 552 (3.1) 20.3 (19.5 to 21.1) 0.17 (0.13 to 0.22) <0.001 0.37 (0.22 to 0.63) <0.001

  2018 5006 (27.8) 20.5 (19.7 to 21.3) 0.06 (0.06 to 0.07) <0.001 0.08 (0.05 to 0.15) <0.001

Sex       

  Female 8848 (49.1) 53.4 (52.4 to 54.4) 1.00 (Base)   1.00 (Base)

  Male 9168 (50.9) 53.4 (52.4 to 54.4) 1.01 (0.95 to 1.07) 0.779 1.00 (0.92 to 1.09) 0.93

Child’s age (months)       

  6–11 1996 (11.1) 43.2 (42.2 to 44.2) 1.00 (Base)   1.00 (Base)

  12–23 3863 (21.4) 49.6 (48.6 to 50.6) 1.28 (1.14 to 1.44) <0.001 1.40 (1.20 to 1.63) <0.001

  24–35 4010 (22.3) 56.1 (55.1 to 57.1) 1.69 (1.50 to 1.90) <0.001 2.03 (1.74 to 2.36) <0.001

  36–47 4172 (23.2) 57.5 (56.5 to 58.5) 1.75 (1.56 to 1.97) <0.001 2.44 (2.10 to 2.84) <0.001

  48–59 3975 (22.1) 55.1 (54.1 to 56.1) 1.58 (1.41 to 1.77) <0.001 2.13 (1.83 to 2.49) <0.001

Net use       

  None 7266 (40.3) 53.0 (52.0 to 54.0) 1.00 (Base)   1.00 (Base)

  Net use 10 750 (59.7) 53.6 (52.6 to 54.6) 1 (0.94 to 1.07) 0.918 0.92 (0.84 to 1.01) 0.07

Wealth quintile       

  Poorest 3762 (20.9) 57.9 (56.9 to 58.9) 1.00 (Base)   1.00 (Base)

  Poor 3871 (21.5) 59.1 (58.1 to 60.1) 0.99 (0.89 to 1.09) 0.812 0.99 (0.87 to 1.13) 0.87

  Middle 3950 (21.9) 58.5 (57.5 to 59.5) 0.98 (0.89 to 1.09) 0.735 0.92 (0.80 to 1.05) 0.20

  Richer 3841 (21.3) 53.8 (52.8 to 54.8) 0.83 (0.75 to 0.92) <0.001 0.80 (0.70 to 0.92) <0.001

  Richest 2592 (14.4) 29.8 (28.9 to 30.7) 0.37 (0.33 to 0.43) <0.001 0.43 (0.36 to 0.52) <0.001

Urbanicity       

  Urban 3204 (17.8) 34.7 (33.8 to 35.6) 1.00 (Base)   1.00 (Base)

  Rural 14 812 (82.2) 57.4 (56.4 to 58.4) 2.10 (1.91 to 2.31) <0.001 2.25 (1.95 to 0.51) <0.001

Treatment seeking       

  None 12 225 (67.9) 48.4 (47.4 to 49.4) 1.00 (Base)   1.00 (Base)

  Treatment seeking 2361 (13.1) 60.8 (59.8 to 61.8) 1.72 (1.56 to 1.90) <0.001 1.91 (1.71 to 2.61) <0.001

  Missing 3430 (19.0)       

Month         

  Mean (SD) 7.76 (3.81) 9.10 (2.80) 1.3 (1.28 to 1.31) <0.001

  Median (min, max) 10.0 (1.00, 12.0) 10.0 (1.00, 12.0)     

Rainfall (m)         

  Mean (SD) 0.327 (0.238) 0.409 (0.198) 63.75 (54.11 to 75.10) <0.001 2.70 (1.19 to 6.13) 0.02

  Median (min, max) 0.373 (5.37x10ˆ-5, 0.847) 0.442 (5.37x10ˆ-5, 0.847)     

Boldface type indicate a significant p- value<0.05.
*Sample size includes 1069 clusters across the three surveys (572 in 2010; 252 in 2014; 245 in 2017). All health districts were considered for the analysis, however, not all were sampled (70 in 2010; 69 in 
2014, 67 in 2017).
†OR calculated using multilevel generalised linear model for binary outcomes with random intercepts for health district.
‡ORs calculated using multilevel generalised additive model for binary outcomes with random intercepts for health district adjusted for SMC, year, age, sex, use of a net the night before data collection, 
wealth quintile, urbanicity, rainfall, and treatment seeking behaviour (effective df (edf) 3.856, p<0.001).
§Wald p value.
RDT, rapid diagnostic test; SMC, seasonal malaria chemoprevention.
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DISCUSSION
As support continues for malaria elimination and addi-
tional means for malaria control are introduced, such as 
the malaria vaccine RTS,S/AS01E, alternative methods for 
measuring impact of interventions under programmatic 
conditions must be explored outside of trial settings.39 
Conducting controlled and observational research 
studies to investigate effectiveness at scale over the long 
term is not sustainable. Multiple impact evaluations that 
address gaps or biases in data and triangulating between 
data sources strengthens the plausibility of programme 
impact.

Our analysis shows that data from routine surveys 
contributes to assessing impact of SMC even where only 
district level information is available. Children living in 
districts/LGAs of Burkina Faso and Nigeria with SMC 
administration had almost two- thirds lower odds of RDT- 
diagnosed malaria infection than those in areas without 
SMC after controlling for rainfall, treatment, net use and 
other variables. This impact was not obvious from average 
monthly malaria case numbers by health facility, which 
increased over the time that SMC was introduced in 
Burkina Faso. SMC impact is also not straightforward to 
see in household prevalence surveys, given the different 
timing of SMC and surveys in different districts, as well 
as variation in other confounders. Our multivariate anal-
ysis which allowed for timing was able to measure impact 
after allowing for these important factors.

Impact of SMC in Nigeria appeared slightly lower than 
in Burkina Faso for both RDT- confirmed and microscopy- 
confirmed malaria. SMC coverage, adherence to regimen 
and prevalence of molecular markers of resistance to 
SPAQ would influence the effectiveness of the SMC 
drug and impact at the population level.4 In general, 
coverage tends to be slightly higher in Burkina Faso than 
Nigeria. Coverage can also vary by state in Nigeria.34 40 

Programmatic differences, such as door- to- door versus 
fixed point delivery, geographical reach, social mobil-
isation and acceptance may result in varying coverage 
and lower impact.2 12 Epidemiological differences, prin-
cipally transmission intensity and seasonality, will affect 
the rate of reinfection after the period of protection. For 
example, if the high transmission season started earlier 
than SMC administration, children may be more rapidly 
reinfected after receiving SMC.

Analysis of malaria as diagnosed by microscopy showed 
slightly weaker impact of SMC in comparison to RDTs in 
both countries. The reason for this is unclear. A difference 
in the two metrics is also seen in the treatment- seeking 
variable. Children who sought treatment were almost two 
times more likely to have a positive RDT compared with 
those who did not seek treatment, indicating true recent 
malaria. In contrast, children who sought treatment had 
a one- third lower odds of microscopy- confirmed malaria 
compared with those who did not, suggesting treatment 
cleared current parasitaemia. This is probably due to the 
fact that RDTs can detect malaria infections 4–5 weeks 
after treatment and therefore detect more historic infec-
tions than microscopy.41

Although caution should be taken when generalising 
findings to other areas or time periods, similar magnitude 
of impact was found in research studies with an infection 
status outcome. Zongo et al found a protective efficacy of 
34% against parasitaemia in Lena, Burkina Faso 1 month 
after SMC administration in 2010.6 A different IPTc trial 
in Boussé, Burkina Faso showed 59% protective efficacy 
1 month after the end of the malaria transmission season, 
6 weeks after the last course in 2008.42

Population- based household surveys provide high- 
quality and standardised indicators for measuring impact 
of malaria programmes, however, there are limitations. 
First, data are gathered at varying and sometimes long 

Figure 3 Odds of malaria determined by RDT and microscopy in Burkina Faso and Nigeria. A forest plot showing the OR and 
CIs of an adjusted random effects generalised linear model for associations between SMC administration and malaria infection 
as diagnosed by RDT or microscopy by country, adjusted for year, age, sex, use of a net the night before data collection, 
wealth quintile, urbanicity, rain, month and treatment seeking behaviour with random intercepts for district/LGA. LGA, local 
government area; RDT, rapid diagnostic test; SMC, seasonal malaria chemoprevention.
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Table 2 Stratum- specific characteristics and ORs of RDT- diagnosed malaria in children, Nigeria

Variable

Total
(N=6661)* Malaria by RDT Unadjusted† Adjusted‡

N (%) % (95% CI) OR (95% CI) P value§ OR (95% CI) P value§

SMC

  No SMC 5512 (82.8) 51.4 (50.4 to 52.4) 1.00 (Base) 1.00 (Base)

  During SMC 1038 (15.6) 49.1 (48.1 to 50.1) 0.45 (0.35 to 0.57) <0.001 0.40 (0.30 to 0.55) <0.001

  1- month post- SMC 111 (1.7) 27.9 (27 to 28.8) 0.51 (0.28 to 0.92) 0.026 0.49 (0.23 to 1.05) 0.07

Year

  2010 1551 (23.3) 57.6 (56.6 to 58.6) 1.00 (Base) 1.00 (Base)

  2015 1812 (27.2) 50.8 (49.8 to 51.8) 0.78 (0.63 to 0.96) 0.019 0.81 (0.63 to 1.04) 0.10

  2018 3298 (49.5) 47.3 (46.3 to 48.3) 0.66 (0.55 to 0.79) <0.001 0.84 (0.65 to 1.10) 0.21

Sex

  Female 3290 (49.4) 50.2 (49.2 to 51.2) 1.00 (Base) 1.00 (Base)

  Male 3371 (50.6) 51.1 (50.1 to 52.1) 1.03 (0.93 to 1.15) 0.594 1.03 (0.91 to 1.17) 0.64

Child’s age (months)

  6–11 658 (9.9) 38.3 (37.3 to 39.3) 1.00 (Base) 1.00 (Base)

  12–23 1438 (21.6) 43.8 (42.8 to 44.8) 1.31 (1.06 to 1.61) 0.012 1.22 (0.96 to 1.55) 0.10

  24–35 1399 (21.0) 50 (49 to 51) 1.83 (1.48 to 2.26) <0.001 1.74 (1.37 to 2.22) <0.001

  36–47 1555 (23.3) 55.6 (54.6 to 56.6) 2.36 (1.92 to 2.91) <0.001 2.32 (1.84 to 2.94) <0.001

  48–59 1611 (24.2) 57.6 (56.6 to 58.6) 2.57 (2.09 to 3.16) <0.001 2.41 (1.9 to 3.05) <0.001

Net use

  None 2612 (39.2) 51.5 (50.5 to 52.5) 1.00 (Base) 1.00 (Base)

  Net use 4049 (60.8) 50.1 (49.1 to 51.1) 0.89 (0.79 to 1.00) 0.056 0.95 (0.83 to 1.09) 0.45

Month

  August 275 (4.1) 33.1 (32.2 to 34) 1.00 (Base) 1.00 (Base)

  September 888 (13.3) 51.4 (50.4 to 52.4) 1.79 (1.22 to 2.63) 0.003 1.47 (0.89 to 2.44) 0.14

  October 3000 (45.0) 54.1 (53.1 to 55.1) 2.14 (1.52 to 3.01) <0.001 1.36 (0.87 to 2.14) 0.18

  November 1773 (26.6) 52.5 (51.5 to 53.5) 2.13 (1.50 to 3.03) <0.001 1.33 (0.76 to 2.34) 0.32

  December 725 (10.9) 37.7 (36.8 to 38.6) 1.39 (0.93 to 2.07) 0.107 0.83 (0.45 to 1.56) 0.57

Wealth quintile

  Poorest 2755 (41.4) 58.2 (57.2 to 59.2) 1.00 (Base) 1.00 (Base)

  Poor 1681 (25.2) 57.8 (56.8 to 58.8) 0.93 (0.81 to 1.08) 0.346 0.94 (0.79 to 1.10) 0.42

  Middle 1210 (18.2) 44.4 (43.4 to 45.4) 0.6 (0.51 to 0.71) <0.001 0.64 (0.52 to 0.78) <0.001

  Richer 665 (10.0) 28.1 (27.2 to 29) 0.35 (0.28 to 0.44) <0.001 0.41 (0.31 to 0.54) <0.001

  Richest 350 (5.3) 21.7 (20.9 to 22.5) 0.26 (0.18 to 0.36) <0.001 0.32 (0.22 to 0.47) <0.001

Urbanicity

  Urban 1483 (22.3) 30.3 (29.4 to 31.2) 1.00 (Base) 1.00 (Base)

  Rural 5178 (77.7) 56.5 (55.5 to 57.5) 3.18 (2.63 to 3.85) <0.001 2.27 (1.79 to 2.88) <0.001

Treatment seeking

  None 4209 (63.2) 47.2 (46.2 to 48.2) 1.00 (Base) 1.00 (Base)

  Treatment seeking 1152 (17.3) 59 (58 to 60) 1.56 (1.34 to 1.82) <0.001 1.57 (1.35 to 1.84) <0.001

  Missing 1300 (19.5)

Rainfall (m)

  Mean (SD) 0.496 (0.166) 0.513 (0.156) 2.21 (1.38 to 3.54) <0.001 1.39 (0.50 to 3.90) 0.531

  Median (min, max) 0.512 (0.103, 0.1030) 0.530 (0.103, 0.1030)

Boldface type indicate a significant p- value<0.05
*Sample size includes 474 clusters across the three surveys (55 in 2010; 74 in 2015; 345 in 2018). Only LGA’s originally eligible for SMC in 2012 were considered for 
the analysis, but not all were sampled (50 in 2010; 61 in 2015; 179 in 2018).
†ORs calculated using multilevel generalised linear model for binary outcomes with random intercepts for LGA.
‡ORs calculated using multilevel generalised linear model for binary outcomes with random intercepts for district adjusted for SMC, year, age, sex, use of a net the 
night before data collection, wealth quintile, urbanicity, rainfall, month, and treatment seeking behaviour.
§Wald p value.
LGA, local government area; RDT, rapid diagnostic test; SMC, seasonal malaria chemoprevention.
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intervals (2–5 years) and they are not scheduled to assess 
specific programmes where timeliness is an important 
factor.9 This is important considering we find SMC impact 
may diminish after 3–5 months. Additionally, DHS/MIS 
surveys report data at administrative levels higher than 
programme roll- out, which may result in data not being 
collected in the same health district/LGA across the 
study years.

A limitation of this analysis is that we assume SMC 
administration is relatively homogenous in terms of 
coverage and adherence. To better incorporate the effect 
of varying levels of administration, indicators should be 
included in the DHS/MIS to capture SMC at the indi-
vidual level and allow for more accurate modelling, 
as well as other diagnostic techniques such as PCR or 
serology. The analysis also assumes a constant impact of 
SMC with time since administration, such that the likeli-
hood of being infected is not dependent on the number 
of SMC rounds previously received. This is a limitation of 
the data, since these surveys did not happen to fall over 
multiple months during the SMC administration period. 
This should be further explored in future analyses incor-
porating transmission dynamics of malaria, in particular 
rates of reinfection following SMC. In high transmis-
sion areas, it is less likely that SMC effects on prevalence 
would persist into the following year. Finally, due to the 
programme roll- out occurring later in areas with low 
transmission, it was not possible to assess whether SMC 
varied according to baseline prevalence.

It is difficult to determine if the observed impact on 
prevalence is consistent with impact on malaria incidence 
over the same period under investigation. Given the 
dynamic nature of SMC impact, a mathematical model 
could be used to bring together the relevant data such as 
prevalence, rainfall, cases, timing and uptake of SMC. This 
could inform if impact is consistent over time and compa-
rable across countries. Prevalence surveys form a key part 
of these evaluations as they provide relatively unbiased 
and high- quality data. Understanding the impact of SMC 
on malaria prevalence as measured in DHS/MIS surveys 
is also important for the Global Burden of Disease esti-
mates for malaria. These estimates rely on mathematical 
models based on surveys and routine data.43 44 If SMC 
in children under 5 is not accurately accounted for, it 
is possible that we may be underestimating the global 
burden of malaria in populations over 5.

CONCLUSION
Continuing monitoring and evaluation remains neces-
sary to ensure the SMC programme continues to reach 
its intended goals, and to identify any issues in imple-
mentation. DHS/MIS survey data have not previously 
been widely used in this context. Our analysis shows that 
impact can be evaluated using prevalence of malaria as 
measured by these surveys. This adds to the evidence of 
impact of SMC and prevalence surveys can be brought 

together with other relevant data into a comprehensive 
analysis framework for future SMC impact evaluations.

Author affiliations
1Department of Infectious Disease Epidemiology, Imperial College, London, UK
2Malaria Consortium, London, UK
3Malaria Consortium, Ouagadougou, Burkina Faso
4Vanke School of Public Health, Tsinghua University, Beijing, China
5Malaria Consortium, Abuja, Nigeria
6Malaria Consortium, Ougadougou, Burkina Faso
7Ministry of Health, Ouagadougou, Burkina Faso

Twitter Lucy C Okell @lucy_okell

Contributors MAdC is the corresponding author and guarantor, responsible for 
the overall content of the study. MAdC, SR, CR, AR- F, PW and LCO conceived and 
designed the study. BS, TI, AT, CC, CO, OO and GT led acquisition of data. MAdC 
analysed data. All authors interpreted the findings. MAdC drafted the manuscript 
and all authors reviewed subsequent versions and approved the final version for 
submission.

Funding This study is funded through philanthropic donations to Malaria 
Consortium, mainly received as a result of being awarded Top Charity status 
by GiveWell, a non- profit organisation dedicated to finding outstanding giving 
opportunities through in- depth analysis. LCO and PW acknowledge funding from 
the MRC Centre for Global Infectious Disease Analysis (reference MR/R015600/1), 
jointly funded by the UK Medical Research Council (MRC) and the UK Foreign, 
Commonwealth & Development Office (FCDO), under the MRC/FCDO Concordat 
agreement and is also part of the EDCTP2 programme supported by the European 
Union and acknowledges funding by Community Jameel.

Map disclaimer The inclusion of any map (including the depiction of any 
boundaries therein), or of any geographic or locational reference, does not imply the 
expression of any opinion whatsoever on the part of BMJ concerning the legal status 
of any country, territory, jurisdiction or area or of its authorities. Any such expression 
remains solely that of the relevant source and is not endorsed by BMJ. Maps are 
provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access 
repository. Data may be obtained from a third party and are not publicly available. 
The DHS/MIS datasets analysed during the current study are available in the DHS 
repository, https://dhsprogram.com/Methodology/survey-search.cfm?pgtype= 
main&SrvyTp=country. The rainfall datasets analysed during the current study are 
available in the CHIRPS repository, https://www.chc.ucsb.edu/data/chirps. The 
geographical datasets for Nigeria analysed during the current study are available in 
the GADM repository, https://gadm.org/. The Burkina Faso HMIS datasets analysed 
during the current study are not publicly available but are usually available from 
the Ministry of Health on reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Monica Anna de Cola http://orcid.org/0000-0001-9444-8460

P
rotected by copyright.

 on A
ugust 8, 2022 at T

he Librarian London S
chool of H

ygiene and.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2021-008021 on 19 M

ay 2022. D
ow

nloaded from
 

https://twitter.com/lucy_okell
https://dhsprogram.com/Methodology/survey-search.cfm?pgtype=main&SrvyTp=country
https://dhsprogram.com/Methodology/survey-search.cfm?pgtype=main&SrvyTp=country
https://www.chc.ucsb.edu/data/chirps
https://gadm.org/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9444-8460
http://gh.bmj.com/


10 de Cola MA, et al. BMJ Global Health 2022;7:e008021. doi:10.1136/bmjgh-2021-008021

BMJ Global Health

Lucy C Okell http://orcid.org/0000-0001-7202-6873

REFERENCES
 1 WHO Malaria Policy Advisory Committee and Secretariat. Inaugural 

meeting of the malaria policy Advisory Committee to the who: 
conclusions and recommendations. Malar J 2012;11:137.

 2 Cairns M, Roca- Feltrer A, Garske T, et al. Estimating the potential 
public health impact of seasonal malaria chemoprevention in African 
children. Nat Commun 2012;3:881.

 3 Greenwood B. Review: Intermittent preventive treatment--a new 
approach to the prevention of malaria in children in areas with 
seasonal malaria transmission. Trop Med Int Health 2006;11:983–91.

 4 World Health Organization. WHO policy recommendation: seasonal 
malaria chemoprevention (SMC) for Plasmodium falciparum malaria 
control in highly seasonal transmission areas of the Sahel sub- region 
in Africa, 2012. Available: https://www.who.int/malaria/publications/ 
atoz/who_smc_policy_recommendation/en/

 5 World Health Organization. Seasonal malaria chemoprevention 
with Sulfadoxine- Pyrimethamine plus amodiaquine in children: a 
field guide, 2013. Available: https://www.afro.who.int/publications/ 
seasonal-malaria-chemoprevention-sulfadoxine-pyrimethamine- 
plus-amodiaquine-children

 6 Zongo I, Milligan P, Compaore YD, et al. Randomized Noninferiority 
trial of Dihydroartemisinin- Piperaquine compared with 
Sulfadoxine- Pyrimethamine plus amodiaquine for seasonal malaria 
chemoprevention in Burkina Faso. Antimicrob Agents Chemother 
2015;59:4387–96.

 7 WHO/GMP Technical expert group on preventive chemotherapy. 
Report of the Technical consultation on Seasonal Malaria 
Chemoprevention (SMC)/Chimio‐prévention saisonnière du 
paludisme (CSP), 2012. Available: http://www.who.int/malaria/ 
publications/atoz/smc_report_teg_meetingmay2011.pdf

 8 Meremikwu MM, Donegan S, Sinclair D, et al. Intermittent preventive 
treatment for malaria in children living in areas with seasonal 
transmission. Cochrane Database Syst Rev 2012;2012:CD003756.

 9 Ashton RA, Bennett A, Yukich J, et al. Methodological considerations 
for use of routine health information system data to evaluate malaria 
program impact in an era of declining malaria transmission. Am J 
Trop Med Hyg 2017;97:46–57.

 10 Mortality Task Force of the Roll Back Malaria Partnership’s 
Monitoring and Evaluation Reference Group. Guidance for evaluating 
the impact of national malaria control programs in highly endemic 
countries, 2014. Available: https://www.measureevaluation.org/ 
resources/publications/ms-15-100/at_download/document

 11 Wagenaar BH, Sherr K, Fernandes Q, et al. Using routine health 
information systems for well- designed health evaluations in low- and 
middle- income countries. Health Policy Plan 2016;31:129–35.

 12 ACCESS- SMC Partnership. Effectiveness of seasonal malaria 
chemoprevention at scale in West and central Africa: an 
observational study. Lancet 2020;396:1829–40.

 13 Namuganga JF, Epstein A, Nankabirwa JI, et al. The impact of 
stopping and starting indoor residual spraying on malaria burden in 
Uganda. Nat Commun 2021;12:2635.

 14 Rumisha SF, Lyimo EP, Mremi IR, et al. Data quality of the routine 
health management information system at the primary healthcare 
facility and district levels in Tanzania. BMC Med Inform Decis Mak 
2020;20:340.

 15 Gething PW, Noor AM, Goodman CA, et al. Information for decision 
making from imperfect national data: tracking major changes in 
health care use in Kenya using geostatistics. BMC Med 2007;5:37.

 16 Druetz T, Corneau- Tremblay N, Millogo T, et al. Impact evaluation 
of seasonal malaria chemoprevention under routine program 
implementation: a quasi- experimental study in Burkina Faso. Am J 
Trop Med Hyg 2018;98:524–33.

 17 Diawara F, Steinhardt LC, Mahamar A, et al. Measuring the impact of 
seasonal malaria chemoprevention as part of routine malaria control 
in KITA, Mali. Malar J 2017;16:325.

 18 Druetz T. Evaluation of direct and indirect effects of seasonal malaria 
chemoprevention in Mali. Sci Rep 2018;8:8104.

 19 ICF. Demographic and Health Surveys (various) [Datasets]. Funded 
by USAID. Rockville, Maryland: ICF [Distributor], 2010- 2018.

 20 Institut National de la Statistique et de la Démographie/Burkina 
F, Programme National de Lutte contre le Paludisme/Burkina F, 
International ICF. Enquête sur les Indicateurs Du Paludisme (EIPBF) 
Au Burkina Faso 2014. Rockville, Maryland, USA: Institut National 
de la Statistique et de la Démographie/Burkina Faso, Programme 
National de Lutte contre le Paludisme/Burkina Faso, and ICF 
International, 2015.

 21 Institut National de la Statistique et de la Démographie IBF, 
International ICF. Burkina Faso Enquête Démographique et de Santé 
et Indicateurs multiples (EDSBF- MICS IV) 2010. Calverton, Maryland, 
USA: Institut National de la Statistique et de la Démographie - INSD/
Burkina Faso and ICF International, 2012.

 22 Institut National de la Statistique et de la Démographie (INSD), 
Programme d’Appui au Développement Sanitaire (PADS), 
Programme National de Lutte contre le Paludisme (PNLP) et ICF. 
Enquête sur les indicateurs Du paludisme Au Burkina Faso, 2017- 
2018. Rockville, Maryland, USA: INSD, PADS, PNLP et ICF, 2018.

 23 National Population Commission (NPC) [Nigeria], National Malaria 
Control Programme (NMCP) [Nigeria], and ICF International. Nigeria 
malaria indicator survey 2010. Abuja, Nigeria: NPC, NMCP, and ICF 
International, 2012.

 24 National Malaria Elimination Programme (NMEP), National 
Population Commission (NPopC), National Bureau of Statistics 
(NBS), and ICF International. Nigeria malaria indicator survey 2015. 
Abuja, Nigeria, and Rockville, Maryland, USA: NMEP, NPopC, and 
ICF International, 2016.

 25 National Population Commission (NPC) [Nigeria] and ICF. Nigeria 
demographic and health survey 2018. Abuja, Nigeria, and Rockville, 
Maryland, USA: NPC and ICF, 2019.

 26 Djallé D, Gody JC, Moyen JM, et al. Performance of Paracheck™-
Pf, SD Bioline malaria Ag- Pf and SD Bioline malaria Ag- Pf/pan for 
diagnosis of falciparum malaria in the central African Republic. BMC 
Infect Dis 2014;14:109.

 27 University of California Berkley. Global Administrative Areas [cited 
2021/01/05], 2021. Available: http://www.gadm.org

 28  QGIS. org QGIS Geographic Information System. Open source 
Geospatial Foundation project. [cited 2020 01/03]., 2021. Available: 
http://qgis.org

 29 Malaria Consortium. Seasonal malaria chemoprevention 
programme start- up guide Nigeria, 2015. Available: https://
www.malariaconsortium.org/media-downloads/677/Seasonal% 
20malaria%20chemoprevention%20programme%20start-up% 
20guide

 30 National Malaria Elimination Programme FMoH. National malaria 
strategic plan, 2021- 2025. Abuja, Nigeria, 2020.

 31 Oresanya O, Counihan H, Babale T. An implementation trial to 
explore the feasibility, effectiveness, acceptability and cost of a 
community based system for seasonal malaria prophylaxis (SMC) 
in selected LGAs in Katsina state. Northern Nigeria, 2018. https://
www.researchgate.net/publication/327977197_An_implementation_ 
trial_to_explore_the_feasibility_effectiveness_acceptability_and_ 
cost_of_a_community_based_system_for_seasonal_malaria_ 
prophylaxis_SMC_in_selected_LGAs_in_Katsina_State_Northern_ 
Nige

 32 Ambe JP, Balogun ST, Waziri MB, et al. Impacts of seasonal malaria 
chemoprevention on malaria burden among under five- year- old 
children in Borno state, Nigeria. J Trop Med 2020;2020:1–9.

 33 WHO Africa. Adamawa launches first ever Malaria chemoprevention 
campaign. [cited 2021 July 16], 2018. Available: https://www. 
afro.who.int/news/adamawa-launches-first-ever-malaria- 
chemoprevention-campaign

 34 Malaria Consortium. 2018 seasonal malaria chemoprevention 
coverage report Burkina Faso, Chad and Nigeria, 2019. Available: 
https://files.givewell.org/files/DWDA%202009/Malaria% 
20Consortium/Malaria_Consortium_2018_SMC_Coverage_Report. 
pdf

 35 Climate Hazards Center. About the climate hazards center, 2021. 
Available: https://www.chc.ucsb.edu/about

 36 Wood SN. Fast stable restricted maximum likelihood and marginal 
likelihood estimation of semiparametric generalized linear models. 
Journal of the Royal Statistical Society: Series B 2011;73:3–36.

 37 Presidents Malaria Initiative. Malaria operational plan FY 2017: 
Nigeria, 2017. Available: https://d1u4sg1s9ptc4z.cloudfront.net/ 
uploads/2021/03/fy-2019-nigeria-malaria-operational-plan.pdf

 38 Lederer DJ, Bell SC, Branson RD, et al. Control of confounding and 
reporting of results in causal inference studies. guidance for authors 
from editors of respiratory, sleep, and critical care journals. Ann Am 
Thorac Soc 2019;16:22–8.

 39 Chandramohan D, Zongo I, Sagara I, et al. Seasonal malaria 
vaccination with or without seasonal malaria chemoprevention. N 
Engl J Med 2021;385:1005–17.

 40 Richardson S. Quantitative report on seasonal malaria 
chemoprevention supported by malaria Consortium in 2020: 
coverage and quality in Burkina Faso, Chad, Nigeria, and 
Togo. malaria Consortium, 2020. Available: https://www. 
malariaconsortium.org/media-downloads/1429/Quantitative% 
20report%20on%20seasonal%20malaria%20chemoprevention% 
20supported%20by%20Malaria%20Consortium%20in%202020:% 

P
rotected by copyright.

 on A
ugust 8, 2022 at T

he Librarian London S
chool of H

ygiene and.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2021-008021 on 19 M

ay 2022. D
ow

nloaded from
 

http://orcid.org/0000-0001-7202-6873
http://dx.doi.org/10.1186/1475-2875-11-137
http://dx.doi.org/10.1038/ncomms1879
http://dx.doi.org/10.1111/j.1365-3156.2006.01657.x
https://www.who.int/malaria/publications/atoz/who_smc_policy_recommendation/en/
https://www.who.int/malaria/publications/atoz/who_smc_policy_recommendation/en/
https://www.afro.who.int/publications/seasonal-malaria-chemoprevention-sulfadoxine-pyrimethamine-plus-amodiaquine-children
https://www.afro.who.int/publications/seasonal-malaria-chemoprevention-sulfadoxine-pyrimethamine-plus-amodiaquine-children
https://www.afro.who.int/publications/seasonal-malaria-chemoprevention-sulfadoxine-pyrimethamine-plus-amodiaquine-children
http://dx.doi.org/10.1128/AAC.04923-14
http://www.who.int/malaria/publications/atoz/smc_report_teg_meetingmay2011.pdf
http://www.who.int/malaria/publications/atoz/smc_report_teg_meetingmay2011.pdf
http://dx.doi.org/10.1002/14651858.CD003756.pub4
http://dx.doi.org/10.4269/ajtmh.16-0734
http://dx.doi.org/10.4269/ajtmh.16-0734
https://www.measureevaluation.org/resources/publications/ms-15-100/at_download/document
https://www.measureevaluation.org/resources/publications/ms-15-100/at_download/document
http://dx.doi.org/10.1093/heapol/czv029
http://dx.doi.org/10.1016/S0140-6736(20)32227-3
http://dx.doi.org/10.1038/s41467-021-22896-5
http://dx.doi.org/10.1186/s12911-020-01366-w
http://dx.doi.org/10.1186/1741-7015-5-37
http://dx.doi.org/10.4269/ajtmh.17-0599
http://dx.doi.org/10.4269/ajtmh.17-0599
http://dx.doi.org/10.1186/s12936-017-1974-x
http://dx.doi.org/10.1038/s41598-018-26474-6
http://dx.doi.org/10.1186/1471-2334-14-109
http://dx.doi.org/10.1186/1471-2334-14-109
http://www.gadm.org
http://qgis.org
https://www.malariaconsortium.org/media-downloads/677/Seasonal%20malaria%20chemoprevention%20programme%20start-up%20guide
https://www.malariaconsortium.org/media-downloads/677/Seasonal%20malaria%20chemoprevention%20programme%20start-up%20guide
https://www.malariaconsortium.org/media-downloads/677/Seasonal%20malaria%20chemoprevention%20programme%20start-up%20guide
https://www.malariaconsortium.org/media-downloads/677/Seasonal%20malaria%20chemoprevention%20programme%20start-up%20guide
https://www.researchgate.net/publication/327977197_An_implementation_trial_to_explore_the_feasibility_effectiveness_acceptability_and_cost_of_a_community_based_system_for_seasonal_malaria_prophylaxis_SMC_in_selected_LGAs_in_Katsina_State_Northern_Nige
https://www.researchgate.net/publication/327977197_An_implementation_trial_to_explore_the_feasibility_effectiveness_acceptability_and_cost_of_a_community_based_system_for_seasonal_malaria_prophylaxis_SMC_in_selected_LGAs_in_Katsina_State_Northern_Nige
https://www.researchgate.net/publication/327977197_An_implementation_trial_to_explore_the_feasibility_effectiveness_acceptability_and_cost_of_a_community_based_system_for_seasonal_malaria_prophylaxis_SMC_in_selected_LGAs_in_Katsina_State_Northern_Nige
https://www.researchgate.net/publication/327977197_An_implementation_trial_to_explore_the_feasibility_effectiveness_acceptability_and_cost_of_a_community_based_system_for_seasonal_malaria_prophylaxis_SMC_in_selected_LGAs_in_Katsina_State_Northern_Nige
https://www.researchgate.net/publication/327977197_An_implementation_trial_to_explore_the_feasibility_effectiveness_acceptability_and_cost_of_a_community_based_system_for_seasonal_malaria_prophylaxis_SMC_in_selected_LGAs_in_Katsina_State_Northern_Nige
https://www.researchgate.net/publication/327977197_An_implementation_trial_to_explore_the_feasibility_effectiveness_acceptability_and_cost_of_a_community_based_system_for_seasonal_malaria_prophylaxis_SMC_in_selected_LGAs_in_Katsina_State_Northern_Nige
http://dx.doi.org/10.1155/2020/9372457
https://www.afro.who.int/news/adamawa-launches-first-ever-malaria-chemoprevention-campaign
https://www.afro.who.int/news/adamawa-launches-first-ever-malaria-chemoprevention-campaign
https://www.afro.who.int/news/adamawa-launches-first-ever-malaria-chemoprevention-campaign
https://files.givewell.org/files/DWDA%202009/Malaria%20Consortium/Malaria_Consortium_2018_SMC_Coverage_Report.pdf
https://files.givewell.org/files/DWDA%202009/Malaria%20Consortium/Malaria_Consortium_2018_SMC_Coverage_Report.pdf
https://files.givewell.org/files/DWDA%202009/Malaria%20Consortium/Malaria_Consortium_2018_SMC_Coverage_Report.pdf
https://www.chc.ucsb.edu/about
http://dx.doi.org/10.1111/j.1467-9868.2010.00749.x
https://d1u4sg1s9ptc4z.cloudfront.net/uploads/2021/03/fy-2019-nigeria-malaria-operational-plan.pdf
https://d1u4sg1s9ptc4z.cloudfront.net/uploads/2021/03/fy-2019-nigeria-malaria-operational-plan.pdf
http://dx.doi.org/10.1513/AnnalsATS.201808-564PS
http://dx.doi.org/10.1513/AnnalsATS.201808-564PS
http://dx.doi.org/10.1056/NEJMoa2026330
http://dx.doi.org/10.1056/NEJMoa2026330
https://www.malariaconsortium.org/media-downloads/1429/Quantitative%20report%20on%20seasonal%20malaria%20chemoprevention%20supported%20by%20Malaria%20Consortium%20in%202020:%20Coverage%20and%20quality%20in%20Burkina%20Faso,%20Chad,%20Nigeria%20and%20Togo
https://www.malariaconsortium.org/media-downloads/1429/Quantitative%20report%20on%20seasonal%20malaria%20chemoprevention%20supported%20by%20Malaria%20Consortium%20in%202020:%20Coverage%20and%20quality%20in%20Burkina%20Faso,%20Chad,%20Nigeria%20and%20Togo
https://www.malariaconsortium.org/media-downloads/1429/Quantitative%20report%20on%20seasonal%20malaria%20chemoprevention%20supported%20by%20Malaria%20Consortium%20in%202020:%20Coverage%20and%20quality%20in%20Burkina%20Faso,%20Chad,%20Nigeria%20and%20Togo
https://www.malariaconsortium.org/media-downloads/1429/Quantitative%20report%20on%20seasonal%20malaria%20chemoprevention%20supported%20by%20Malaria%20Consortium%20in%202020:%20Coverage%20and%20quality%20in%20Burkina%20Faso,%20Chad,%20Nigeria%20and%20Togo
http://gh.bmj.com/


de Cola MA, et al. BMJ Global Health 2022;7:e008021. doi:10.1136/bmjgh-2021-008021 11

BMJ Global Health

20Coverage%20and%20quality%20in%20Burkina%20Faso,% 
20Chad,%20Nigeria%20and%20Togo

 41 Wu L, van den Hoogen LL, Slater H, et al. Comparison of 
diagnostics for the detection of asymptomatic Plasmodium 
falciparum infections to inform control and elimination strategies. 
Nature 2015;528:S86–93.

 42 Konaté AT, Yaro JB, Ouédraogo AZ, et al. Intermittent preventive 
treatment of malaria provides substantial protection against malaria 
in children already protected by an insecticide- treated bednet in 

Burkina Faso: a randomised, double- blind, placebo- controlled trial. 
PLoS Med 2011;8:e1000408.

 43 Alegana VA, Okiro EA, Snow RW. Routine data for malaria 
morbidity estimation in Africa: challenges and prospects. BMC Med 
2020;18:121.

 44 Weiss DJ, Lucas TCD, Nguyen M, et al. Mapping the global 
prevalence, incidence, and mortality of Plasmodium falciparum, 
2000- 17: a spatial and temporal modelling study. Lancet 
2019;394:322–31.

P
rotected by copyright.

 on A
ugust 8, 2022 at T

he Librarian London S
chool of H

ygiene and.
http://gh.bm

j.com
/

B
M

J G
lob H

ealth: first published as 10.1136/bm
jgh-2021-008021 on 19 M

ay 2022. D
ow

nloaded from
 

https://www.malariaconsortium.org/media-downloads/1429/Quantitative%20report%20on%20seasonal%20malaria%20chemoprevention%20supported%20by%20Malaria%20Consortium%20in%202020:%20Coverage%20and%20quality%20in%20Burkina%20Faso,%20Chad,%20Nigeria%20and%20Togo
https://www.malariaconsortium.org/media-downloads/1429/Quantitative%20report%20on%20seasonal%20malaria%20chemoprevention%20supported%20by%20Malaria%20Consortium%20in%202020:%20Coverage%20and%20quality%20in%20Burkina%20Faso,%20Chad,%20Nigeria%20and%20Togo
http://dx.doi.org/10.1038/nature16039
http://dx.doi.org/10.1371/journal.pmed.1000408
http://dx.doi.org/10.1186/s12916-020-01593-y
http://dx.doi.org/10.1016/S0140-6736(19)31097-9
http://gh.bmj.com/


SUPPLEMENTAL MATERIAL 

 

 

Supplement 1. Prevalence of RDT-confirmed malaria by district and SMC administration status 

over 2010–2018, Burkina Faso. Data shown are for prevalence of RDT-confirmed malaria infection 

by health district and SMC adminstration across the three DHS/MIS surveys in Burkina Faso. Districts 

in white did not have a cluster located in that district during data collection for that year. Districts in 

grey are of the opposite SMC administration status that year. Districts with no SMC administration 

surveyed April 2010 to January 2011 (A),  

 

Supplement 2. Survey respondent characteristics, Burkina Faso 

  
2010 2014 2017 Total 

(N=6377) (N=6081) (N=5558) (N=18016) 

Malaria by RDT         

No 1481 (23.2%) 2150 (35.4%) 4417 (79.5%) 8048 (44.7%) 

Yes 4562 (71.5%) 3914 (64.4%) 1139 (20.5%) 9615 (53.4%) 

Missing 334 (5.2%) 17 (0.3%) 2 (0.0%) 353 (2.0%) 

Malaria by microscopy         

No 2120 (33.2%) 3170 (52.1%) 4584 (82.5%) 9874 (54.8%) 

Yes 3901 (61.2%) 2870 (47.2%) 965 (17.4%) 7736 (42.9%) 

Missing 356 (5.6%) 41 (0.7%) 9 (0.2%) 406 (2.3%) 

SMC         

No SMC 6377 (100%) 5411 (89.0%) 663 (11.9%) 12451 (69.1%) 

During SMC 0 (0%) 610 (10.0%) 0 (0%) 610 (3.4%) 

1 month post-SMC 0 (0%) 0 (0%) 50 (0.9%) 50 (0.3%) 
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2 months post-SMC 0 (0%) 0 (0%) 246 (4.4%) 246 (1.4%) 

3 month post-SMC 0 (0%) 0 (0%) 742 (13.4%) 742 (4.1%) 

4 months post-SMC 0 (0%) 0 (0%) 3457 (62.2%) 3457 (19.2%) 

5 months post-SMC 0 (0%) 0 (0%) 351 (6.3%) 351 (1.9%) 

Missing 0 (0%) 60 (1.0%) 49 (0.9%) 109 (0.6%) 

Child's age (months)         

6-11 731 (11.5%) 657 (10.8%) 608 (10.9%) 1996 (11.1%) 

12-23 1416 (22.2%) 1292 (21.2%) 1155 (20.8%) 3863 (21.4%) 

24-35 1415 (22.2%) 1388 (22.8%) 1207 (21.7%) 4010 (22.3%) 

36-47 1439 (22.6%) 1404 (23.1%) 1329 (23.9%) 4172 (23.2%) 

48-59 1376 (21.6%) 1340 (22.0%) 1259 (22.7%) 3975 (22.1%) 

Sex         

Female 3103 (48.7%) 2994 (49.2%) 2751 (49.5%) 8848 (49.1%) 

Male 3274 (51.3%) 3087 (50.8%) 2807 (50.5%) 9168 (50.9%) 

Net use         

None 3213 (50.4%) 1479 (24.3%) 2574 (46.3%) 7266 (40.3%) 

Net use 3164 (49.6%) 4602 (75.7%) 2984 (53.7%) 10750 (59.7%) 

Wealth quintile         

Poorest 1292 (20.3%) 1339 (22.0%) 1131 (20.3%) 3762 (20.9%) 

Poor 1288 (20.2%) 1375 (22.6%) 1208 (21.7%) 3871 (21.5%) 

Middle 1365 (21.4%) 1404 (23.1%) 1181 (21.2%) 3950 (21.9%) 

Richer 1363 (21.4%) 1342 (22.1%) 1136 (20.4%) 3841 (21.3%) 

Richest 1069 (16.8%) 621 (10.2%) 902 (16.2%) 2592 (14.4%) 

Urbanisation         

Urban 1426 (22.4%) 921 (15.1%) 857 (15.4%) 3204 (17.8%) 

Rural 4951 (77.6%) 5160 (84.9%) 4701 (84.6%) 14812 (82.2%) 

Treatment seeking         

None 4592 (72.0%) 3096 (50.9%) 4537 (81.6%) 12225 (67.9%) 

Treatment seeking 531 (8.3%) 1226 (20.2%) 604 (10.9%) 2361 (13.1%) 

Missing 1254 (19.7%) 1759 (28.9%) 417 (7.5%) 3430 (19.0%) 

Month         

Mean (SD) 9.45 (1.74) 10.4 (0.544) 2.91 (2.97) 7.76 (3.81) 

Median [Min, Max] 10.0 [1.00, 12.0] 10.0 [9.00, 12.0] 2.00 [1.00, 12.0] 10.0 [1.00, 12.0] 

Rainfall (m)         

Mean (SD) 0.415 (0.186) 0.492 (0.109) 0.0267 (0.0631) 0.327 (0.238) 

Median [Min, Max] 
0.413 [0.00699, 

0.847] 

0.512 [0.172, 

0.686] 

0.00461 

[0.0000537, 0.384] 

0.373 [0.0000537, 

0.847] 

Missing 399 (6.3%) 128 (2.1%) 503 (9.1%) 1030 (5.7%) 

 

Supplement 3.  Stratum specific characteristics and odds ratios of microscopy-diagnosed malaria in 

children, Burkina Faso 

Variable 

Total 

(N=18016) 

Malaria by 

microscopy 
Unadjusted

1
 Adjusted2 

N (%) % (95% CI) OR (95% CI) 
P–

Value
3
 

OR (95% CI) 
P–

Value
3
 

SMC     
  

No SMC 12451 (69.1%) 54.2 (53.2–55.2) 1.00 (Base) 
 

1.00 (Base)  
During SMC 610 (3.4%) 26.2 (25.3–27.1) 0.26 (0.21–0.33) <0.001 0.38 (0.29–0.52) <0.001 

1 month post–SMC 50 (0.3%) 14.0 (13.3–14.7) 0.19 (0.08–0.44) <0.001 0.61 (0.22–1.72) 0.35 

2 months post–SMC 246 (1.4%) 15.0 (14.3–15.7) 0.18 (0.12–0.27) <0.001 0.50 (0.24–1.04) 0.07 

3 months post–SMC 742 (4.1%) 21.8 (21.0–22.6) 0.18 (0.15–0.22) <0.001 0.73 (0.50–1.06) 0.10 

4 months post–SMC 3457 (19.2%) 15.6 (14.9–16.3) 0.11 (0.10–0.13) <0.001 0.44 (0.32–0.61) <0.001 

5 months post–SMC 351 (1.9%) 12.5 (11.9–13.1) 0.11 (0.08–0.16) <0.001 0.45 (0.27–0.73) <0.001 
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Missing 109 (0.6%)    
  

year     
  

2010 6377 (35.4%) 61.2 (60.2–62.2) 1.00 (Base)  1.00 (Base)  
2014 6081 (33.8%) 47.2 (46.2–48.2) 0.46 (0.42–0.50) <0.001 0.41 (0.36–0.46) <0.001 

2017 552 (3.1%) 11.4 (10.8–12.0) 0.16 (0.11–0.22) <0.001 0.22 (0.12–0.40) <0.001 

2018 5006 (27.8%) 18.0 (17.2–18.8) 0.09 (0.08–0.10) <0.001 0.14 (0.10–0.20) <0.001 

Sex     
  

Female 8848 (49.1%) 43.5 (42.5–44.5) 1.00 (Base)  1.00 (Base)  
Male 9168 (50.9%) 42.4 (41.4–43.4) 0.97 (0.91–1.03) 0.304 0.95 (0.87–1.03) 0.19 

Child's age (months)     
  

6–11 1996 (11.1%) 33.6 (32.7–34.5) 1.00 (Base)  1.00 (Base)  
12–23 3863 (21.4%) 37.9 (36.9–38.9) 1.21 (1.07–1.37) 0.002 1.25 (1.08–1.46) <0.001 

24–35 4010 (22.3%) 44.2 (43.2–45.2) 1.59 (1.41–1.80) <0.001 1.63 (1.40–1.89) <0.001 

36–47 4172 (23.2%) 47.2 (46.2–48.2) 1.73 (1.53–1.94) <0.001 1.96 (1.69–2.27) <0.001 

48–59 3975 (22.1%) 46.8 (45.8–47.8) 1.73 (1.54–1.95) <0.001 1.95 (1.67–2.26) <0.001 

Net use     
  

None 7266 (40.3%) 44.8 (43.8–45.8) 1.00 (Base)  1.00 (Base)  
Net use 10750 (59.7%) 41.7 (40.7–42.7) 0.88 (0.83–0.94) <0.001 0.93 (0.85–1.01) 0.10 

Wealth quintile     
  

Poorest 3762 (20.9%) 51.4 (50.4–52.4) 1.00 (Base)  1.00 (Base)  
Poor 3871 (21.5%) 48.8 (47.8–49.8) 0.91 (0.82–1.00) 0.057 0.86 (0.76–0.98) 0.02 

Middle 3950 (21.9%) 47.0 (46.0–48.0) 0.88 (0.80–0.98) 0.014 0.83 (0.73–0.95) 0.01 

Richer 3841 (21.3%) 41.2 (40.2–42.2) 0.71 (0.64–0.79) <0.001 0.73 (0.64–0.83) <0.001 

Richest 2592 (14.4%) 18.2 (17.4–19.0) 0.26 (0.23–0.30) <0.001 0.35 (0.29–0.42) <0.001 

Urbanicity     
  

Urban 3204 (17.8%) 22.3 (21.5–23.1) 1.00 (Base)  1.00 (Base)  
Rural 14812 (82.2%) 47.4 (46.4–48.4) 2.64 (2.38–2.93) <0.001 2.50 (2.16–2.90) <0.001 

Treatment seeking     
  

None 12225 (67.9%) 41.5 (40.5–42.5) 1.00 (Base)  1.00 (Base)  
Treatment seeking 2361 (13.1%) 33.4 (32.5–34.3) 0.7 (0.63–0.77) <0.001 0.71 (0.64–0.80) <0.001 

Missing 3430 (19.0%)    
  

Month   1.00 (Base)  
  

Mean (SD) 7.76 (3.81) 8.98 (2.88) 1.22 (1.21–1.23) <0.001   
Median [Min, Max] 10.0 [1.00, 12.0] 10.0 [1.00, 12.0]   

  
Rainfall (m)     

  

Mean (SD) 0.327 (0.238) 0.400 (0.200) 
19.91 (17.02–

23.29) 

<0.001 

0.88 (0.57–1.37) 0.57 

Median [Min, Max] 
0.373 [0.000537, 

0.847] 

0.430 [0.0000537, 

0.847] 
 

   
Missing 1030 (5.7%) 404 (5.2%)  

   
1Odds ratios calculated using multilevel generalized linear model for binary outcomes with random 

intercepts for health district 
2 Odds ratios calculated using multilevel generalized additive model for binary outcomes with 

random intercepts for health district adjusted for SMC, year, age, sex, use of a net the night before 

data collection, wealth quintile, urbanicity, rainfall, and treatment seeking behaviour (edf 0.605, 

p=0.139) 
3Wald-p value 
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Supplement 4. Prevalence of RDT-confirmed malaria by district and SMC administration status 

over 2010–2018, Nigeria. Data shown are for prevalence of RDT-confirmed malaria infection by LGA 

and SMC adminstration across the three DHS/MIS surveys in Nigeria. LGAs in white did not have a 

cluster located in that district during data collection for that year. LGAs in grey are of the opposite 

SMC administration status that year. LGAs in dots were not originally eligible for SMC and therefore 

excluded from this analysis. 

 

Supplement 5. Survey respondent characteristics, Nigeria  

  
2010 2015 2018 Total 

(N=1551) (N=1812) (N=3298) (N=6661) 

Malaria by RDT         

No 655 (42.2%) 889 (49.1%) 1729 (52.4%) 3273 (49.1%) 

Yes 894 (57.6%) 921 (50.8%) 1559 (47.3%) 3374 (50.7%) 

Missing 2 (0.1%) 2 (0.1%) 10 (0.3%) 14 (0.2%) 

Malaria by microscopy         

No 850 (54.8%) 1142 (63.0%) 1625 (49.3%) 3617 (54.3%) 

Yes 697 (44.9%) 585 (32.3%) 701 (21.3%) 1983 (29.8%) 

Missing 4 (0.3%) 85 (4.7%) 972 (29.5%) 1061 (15.9%) 

SMC         

No SMC 1551 (100%) 1601 (88.4%) 2360 (71.6%) 5512 (82.8%) 

During SMC 0 (0%) 211 (11.6%) 827 (25.1%) 1038 (15.6%) 
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1 month post-SMC 0 (0%) 0 (0%) 111 (3.4%) 111 (1.7%) 

Child's age (months)         

6-11 158 (10.2%) 128 (7.1%) 372 (11.3%) 658 (9.9%) 

12-23 301 (19.4%) 391 (21.6%) 746 (22.6%) 1438 (21.6%) 

24-35 327 (21.1%) 396 (21.9%) 676 (20.5%) 1399 (21.0%) 

36-47 341 (22.0%) 452 (24.9%) 762 (23.1%) 1555 (23.3%) 

48-59 424 (27.3%) 445 (24.6%) 742 (22.5%) 1611 (24.2%) 

Sex         

Female 780 (50.3%) 891 (49.2%) 1619 (49.1%) 3290 (49.4%) 

Male 771 (49.7%) 921 (50.8%) 1679 (50.9%) 3371 (50.6%) 

Net use         

None 891 (57.4%) 688 (38.0%) 1033 (31.3%) 2612 (39.2%) 

Net use 660 (42.6%) 1124 (62.0%) 2265 (68.7%) 4049 (60.8%) 

Wealth quintile         

Poorest 559 (36.0%) 809 (44.6%) 1387 (42.1%) 2755 (41.4%) 

Poor 384 (24.8%) 431 (23.8%) 866 (26.3%) 1681 (25.2%) 

Middle 375 (24.2%) 272 (15.0%) 563 (17.1%) 1210 (18.2%) 

Richer 149 (9.6%) 195 (10.8%) 321 (9.7%) 665 (10.0%) 

Richest 84 (5.4%) 105 (5.8%) 161 (4.9%) 350 (5.3%) 

Urbanisation         

Urban 289 (18.6%) 456 (25.2%) 738 (22.4%) 1483 (22.3%) 

Rural 1262 (81.4%) 1356 (74.8%) 2560 (77.6%) 5178 (77.7%) 

Month         

Aug 0 (0%) 0 (0%) 275 (8.3%) 275 (4.1%) 

Sep 0 (0%) 0 (0%) 888 (26.9%) 888 (13.3%) 

Oct 950 (61.3%) 1230 (67.9%) 820 (24.9%) 3000 (45.0%) 

Nov 536 (34.6%) 582 (32.1%) 655 (19.9%) 1773 (26.6%) 

Dec 65 (4.2%) 0 (0%) 660 (20.0%) 725 (10.9%) 

Treatment seeking         

None 971 (62.6%) 1265 (69.8%) 1973 (59.8%) 4209 (63.2%) 

Treatment seeking 360 (23.2%) 361 (19.9%) 431 (13.1%) 1152 (17.3%) 

Missing 220 (14.2%) 186 (10.3%) 894 (27.1%) 1300 (19.5%) 

Rainfall (m)         

Mean (SD) 0.534 (0.155) 0.539 (0.145) 0.454 (0.170) 0.496 (0.166) 

Median [Min, Max] 0.546 [0.126, 0.768] 0.535 [0.303, 0.1030] 0.480 [0.103, 0.827] 0.512 [0.103, 0.1030] 

 

Supplement 6.  Stratum specific characteristics and odds ratios of microscopy-diagnosed malaria in 

children, Nigeria 

Variable 

Total 

(N=18016) 

Malaria by 

microscopy 
Unadjusted

1
 Adjusted2 

N (%) % (95% CI) OR (95% CI) P–Value
3
 OR (95% CI) P–Value

3
 

SMC             

No SMC 5512 (82.8) 31.3 (30.4–32.2) 1.00 (Base)   1.00 (Base)  
During SMC 1038 (15.6) 23.8 (23.0–24.6) 0.59 (0.45–0.77) <0.001 0.53 (0.38-0.76) <0.001 

1 month post–SMC 111 (1.7) 7.2 (6.7–7.7) 0.33 (0.14–0.78) 0.012 0.58 (0.23-1.52) 0.27 

year          
2010 1551 (23.3) 44.9 (43.9–45.9) 1.00 (Base)   1.00 (Base)  
2015 1812 (27.2) 32.3 (31.4–33.2) 0.55 (0.43–0.69) <0.001 0.68 (0.52-0.89) 0.01 

2018 3298 (49.5) 21.3 (20.5–22.1) 0.45 (0.37–0.55) <0.001 0.55 (0.40-0.74) <0.001 

Sex          
Female 3290 (49.4) 29.4 (28.5–30.3) 1.00 (Base)   1.00 (Base)  
Male 3371 (50.6) 30.1 (29.2–31.0) 1.04 (0.92–1.17) 0.58 1.08 (0.93-1.24) 0.35 

Child's age (months)          
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6–11 658 (9.9) 21.4 (20.6–22.2) 1.00 (Base)   1.00 (Base)  
12–23 1438 (21.6) 25.2 (24.3–26.1) 1.18 (0.92–1.51) 0.206 1.13 (0.85-1.49) 0.42 

24–35 1399 (21.0) 28.4 (27.5–29.3) 1.5 (1.17–1.93) <0.001 1.48 (1.12-1.97) 0.01 

36–47 1555 (23.3) 30.9 (30.0–31.8) 1.78 (1.39–2.27) <0.001 1.75 (1.33-2.31) <0.001 

48–59 1611 (24.2) 37.2 (36.3–38.1) 2.46 (1.93–3.13) <0.001 2.29 (1.74-3.02) <0.001 

Net use          
None 2612 (39.2) 33.2 (32.3–34.1) 1.00 (Base)   1.00 (Base)  
Net use 4049 (60.8) 27.5 (26.6–28.4) 0.79 (0.69–0.90) <0.001 0.84 (0.72-0.98) 0.03 

Month          
Aug 275 (4.1) 11.6 (11.0–12.2) 1.00 (Base)   1.00 (Base)  
Sep 888 (13.3) 25.8 (24.9–26.7) 2.34 (1.38–3.96) 0.002 1.00 (0.50-2.00) 0.99 

Oct 3000 (45.0) 33.8 (32.9–34.7) 3.29 (2.01–5.37) <0.001 1.44 (0.76-2.75) 0.28 

Nov 1773 (26.6) 32.7 (31.8–33.6) 3.35 (2.04–5.51) <0.001 2.69 (1.26-5.73) 0.02 

Dec 725 (10.9) 17.7 (17.0–18.4) 1.84 (1.05–3.21) 0.032 2.07 (0.92-4.70) 0.09 

Wealth quintile          
Poorest 2755 (41.4) 36.2 (35.3–37.1) 1.00 (Base)   1.00 (Base)  
Poor 1681 (25.2) 32.9 (32.0–33.8) 0.85 (0.72–0.99) 0.042 0.81 (0.67-0.97) 0.02 

Middle 1210 (18.2) 25.4 (24.5–26.3) 0.49 (0.40–0.59) <0.001 0.55 (0.43-0.69) <0.001 

Richer 665 (10.0) 14.7 (14.0–15.4) 0.31 (0.23–0.41) <0.001 0.43 (0.31-0.60) <0.001 

Richest 350 (5.3) 8.3 (7.8–8.8) 0.17 (0.11–0.27) <0.001 0.24 (0.14-0.40) <0.001 

Urbanicity          
Urban 1483 (22.3) 13.1 (12.4–13.8) 1.00 (Base)   1.00 (Base)  
Rural 5178 (77.7) 34.6 (33.7–35.5) 4.55 (3.59–5.78) <0.001 3.14 (2.34-4.22) <0.001 

Treatment seeking          
None 4209 (63.2) 28.8 (27.9–29.7) 1.00 (Base)   1.00 (Base)  
Treatment seeking 1152 (17.3) 33.9 (33.0–34.8) 1.16 (0.98–1.38) 0.078 1.18 (0.99-1.40) 0.08 

Missing 1300 (19.5)         
Rainfall (m)         1.00 (Base)  
Mean (SD) 0.496 (0.166) 0.531 (0.154) 2.93 (1.68–5.09) <0.001 2.48 (0.77-7.98) 0.129 

Median [Min, Max] 
0.512 [0.103, 

0.1030] 

0.546 [0.107, 

0.827] 
    

    
1Odds ratios calculated using multilevel generalized linear model for binary outcomes with random 

intercepts for LGA 
2 Odds ratios calculated using multilevel generalized linear model for binary outcomes with random 

intercepts for district adjusted for SMC, year, age, sex, use of a net the night before data collection, 

wealth quintile, urbanicity, rainfall, month, and treatment seeking behaviour 
3Wald-p value 
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