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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% Cl 0.21 to 0.37, p<0.001;
Nigeria OR 0.40, 95% Cl 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%Cl 0.12
10 0.72, p=0.01; 2months post-SMC: OR: 0.33, 95% Cl
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% Cl 0.23 to

1.05, p=0.07). A similar but weaker effect was seen for
microscopy (Burkina Faso OR 0.38, 95% Cl 0.29 to 0.52,
p<0.001; Nigeria OR 0.53, 95%Cl 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

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% Cl 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%Cl 0.21 to 0.37, p<0.001) and Nigeria (OR 0.40,
95% Cl 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.

= 0ngoing SMC impact should be taken into account
when estimating country malaria burden estimates
from household surveys of malaria prevalence in

children under 5.

as intermittent preventive treatment in chil-
dren (IPTc), in areas of highly seasonal
malaria transmission across the Sahel sub-
region of Africa.'* Areas most suited for this
intervention are characterised as having on
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average more than 60% of clinical cases occurring within
a consecutive 4month period, more than 60% of annual
rainfall within 3months, and >0.1 malaria attacks per
child per transmission season.”*

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.” Each full course of SPAQ provides
protection for approximately 1month.® The full course
and protective period are referred to as a ‘cycle’ of SMC.

SMC has been proven to be safe and effective.”® 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).°
Itis 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.” Impact evaluations of malaria control
programmes measure the effect on population-level
malaria indicators in relation to programme targets using
a counterfactual.” 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.”"!
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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 5years 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 al'® or Namuganga et al'?).”'* 1

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." Average
reductions of confirmed outpatient malaria cases in 2015
and 2016 were 41% and 48% in Burkina Faso; and 26%
and 25% in Nigeria, respectiv:s:ly.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).'?

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

2016
500

400
300

200

v J\M

Jan-2014 Jan-2016 Jan-2018

2017
500 500

2018

400 400
300 300

200 200

100 \[,\\/l\ 100

Cases per HF/ month

Jan-2014 Jan-2016 Jan-2018

Jan-2014 Jan-2016 Jan-2018

No SMC
500

400
300
200

=== Under 5 years
= 5-14 years
== SMC introduction

Jan-2014 Jan-2016 Jan-2018

Figure 1
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Monthly average RDT-confirmed malaria cases per facility by year of introduction, Burkina Faso (2013-2018). Data

are shown for children under 5years old and in those over 5years 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 8/12months 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."° A reduction in
malaria parasitaemia of 62% (95% CI 48% to 71%) was
measured up to 4weeks after the end of the first SMC
cycle.'® 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.'” 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
$months after.'”® 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.”'*'” 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 impactis 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).1 During these surveys, blood
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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.”” 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.** The 2010 MIS in
Nigeria used the Paracheck Pf RDT, which tests for Pf.**
The different RDTs in Nigeria would have minimal effect
on the results for the RDT analysis as they have similar
sensitivities.*

DHS/MIS used a randomised two-stage stratified
sampling approach representative at the province level in
Burkina Faso and state level in Nigeria.”**® The sampling
methodology, response rate, number of sampling strata
and households are described in survey reports.”’™*
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.” * DHS/MIS
adds error to the GPS locations of clusters for anonymity:
typically, 2-5 km, but sometimes reaching up to 10km
(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.*
Only these states are included in this analysis, although,
following a stratification exercise a total of 21 states are
now eligible.”” This data was obtained from a review of
grey literature.” ™ SMC was also introduced in Nigeria
in a phased manner starting in 2013 with two LGAs in
Katsina state.”’ By 2018 the programme had scaled up to
include 63 LGAs across 6 states (Borno, Katsina, Jigawa,
Sokoto, Yobe, Zamfara) Rens

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

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 4months
prior to the survey discarding the 1month 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). 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, 5months
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.”7 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.”

RESULTS

Burkina Faso

Data from 18016 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 2months
post:SMC (1 month post-SMC: OR 0.29, 95%CI 0.12

to 0.72, p=0.01; 2months 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 I-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=18016)* Malaria by RDT Unadjustedt Adjustedt
N (%) % (95% CI) OR (95% Cl) Pvalue§ OR (95%Cl) P value§

SMC

No SMC 12451 (69.1) 67.0 (66.1 to 67.9) 1.00 (Base) 1.00 (Base)

During SMC 610 (3.4) 42.3 (41.3 t0 43.3) 0.22 (0.18 to 0.28) <0.001 0.28 (0.21 t0 0.37) <0.001

1-month post-SMC 50 (0.3) 24.0 (23.2t0 24.8) 0.15 (0.08 to 0.31) <0.001 0.29 (0.12t0 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 t0 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 t0 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 t0 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 (19.5to 21.1) 0.17 (0.13 t0 0.22) <0.001 0.37 (0.22 to 0.63) <0.001

2018 5006 (27.8) 20.5(19.7 t0 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 (42.2t0 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 t0 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 10750 (59.7) 53.6 (52.6 to 54.6) 1(0.94 t0 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 to0 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 14812 (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 12225 (67.9) 48.4 (47.4 t0 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 to0 2.61) <0.001

Missing 3430 (19.0)
Month

Mean (SD) 7.76 (3.81) 9.10 (2.80) 1.3(1.28 t0 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 t0 6.13) 0.02

Median (min, max)

0.373 (5.37x10™-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).

0.442 (5.37x10-5, 0.847)

TOR 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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Figure 3 Odds of malaria determined by RDT and microscopy in Burkina Faso and Nigeria. A forest plot showing the OR and
Cls 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.

DISCUSSION

As support continues for malaria elimination and addi-
tional means for malaria control are introduced, such as
the malaria vaccine RTS,S/AS01, alternative methods for
measuring impact of interventions under programmatic
conditions must be explored outside of trial settings.*
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.* In general,
coverage tends to be slightly higher in Burkina Faso than
Nigeria. Coverage can also vary by state in Nigeria.34 0

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.”'

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.% 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.*?

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
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Table 2 Stratum-specific characteristics and ORs of RDT-diagnosed malaria in children, Nigeria

{ﬁiaelem)* Malaria by RDT Unadjustedt Adjustedt

Variable N (%) % (95% Cl) OR (95% Cl) P value§ OR (95%Cl) 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 t0 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 t0 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 t0 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 t0 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 10 39.3) 1.00 (Base) 1.00 (Base)

12-23 1438 (21.6) 43.8 (42.8 10 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 t0 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 t0 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 t0 3.54) <0.001 1.39 (0.50 to 3.90) 0.531

Median (min, max)

0.512 (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).

TORs calculated using multilevel generalised linear model for binary outcomes with random intercepts for LGA.

0.530 (0.108, 0.1030)

FORs 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-b years) and they are not scheduled to assess
specific programmes where timeliness is an important
factor.” 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.”> ** 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.
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