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Abstract. Sulfadoxine-pyrimethamine plus amodiaquine is delivered to children aged3–59months as seasonalmalaria
chemoprevention (SMC) in areas where transmission is highly seasonal such as Chad and other Sahelian countries.
Although clinical trials show a 75% reduction in malaria cases, evidence of SMC’s impact at scale remains limited. Using
data from the Chadian National Health Management Information System, we analyzed associations between SMC imple-
mentation during July–October and monthly district-level malaria incidence (suspected and confirmed outpatient cases)
amongchildrenaged0–59monthsathealth facilities in23healthdistrictswithSMCimplementationduring2013–2018.Gen-
eralizedadditivemodelswerefittedwith separate cyclic cubic spline terms foreachdistrict to adjust for seasonality in cases.
SMC implementation in Chad was associated, compared with no implementation, with lower monthly counts of both sus-
pected (rate ratio [RR]: 0.82, 95%CI: 0.72–0.94.P5 0.006) and confirmedmalaria cases (RR: 0.81, 95%CI: 0.71–0.93,P5
0.003), representingaround 20% reduction inmalaria incidence.Sensitivity analyses showed effect sizes of up to28%after
modifyingmodel assumptions. Caution should be exercised in interpreting our findings, whichmaynot be comparablewith
other studies, and may over- or underestimate impact of SMC; not all malaria cases present at health facilities, not all sus-
pected cases are tested, and not all facilities report cases consistently. This study’s approach presents a solution for
employing readily available routine data to evaluate the impact of health interventions at scale without extensive covariate
data. Further efforts are needed to improve the quality of routine data in Chad and elsewhere.

INTRODUCTION

Seasonalmalaria chemoprevention (SMC) throughadminis-
tration of sulfadoxine-pyrimethamine (SP) in combinationwith
amodiaquine (AQ) at monthly intervals to children aged 3–59
months is recommended as an intervention against Plasmo-
dium falciparum malaria during the annual high-transmission
season in regions where the majority (. 60%) of clinical
malaria cases occur during a period of 4 months, the clinical
attack rate of malaria is greater than 0.1 attack per transmis-
sion season in the target age group, and SP plus AQ (SPAQ)
remains efficacious.1

Seasonal malaria chemoprevention is considered a cost-
effective intervention,2–5 with annual cost of delivery per child
in Chad in 2016 estimated at US$3.86, and costs of US$10.26
and US$39.20 per malaria case and disability-adjusted life
year averted among eligible children.4

It has also been found to be a highly efficacious intervention
in terms of reduction of malaria morbidity, prevalence of
malaria parasitemia, malaria-related hospital admissions,
and mortality.6–12 A number of randomized controlled trials
have been conducted to assess the protective efficacy of
SMC against malaria cases in eligible children. A meta-
analysis of SMC studies with monthly administration of
SPAQ to children aged less than five years during the peak
malaria transmission season showed an 83% (95% CI:
72–89) reduction in the incidence of clinical attacks of malaria
and a similar reduction in incidence of severe malaria.13

Among these studies, a trial in Senegal conducted by Cisse
et al.14 found that the prevalence ratio of P. falciparum parasi-
temia diagnosed using rapid diagnostic tests (RDT) was 68%
lower (95% CI: 35–85, P5 0.002) among children aged 3–59

months in areas that received SMC with SPAQ over Septem-
ber to November than in control areas. Meanwhile, a random-
ized, blinded placebo-controlled study by Dicko et al.15 in
three localities near Bamako, Mali, found that SMC using
SPAQoverAugust toSeptember resulted inaprotective effect
of 82% (95%CI: 78–85,P,0.001) against clinical episodesof
P. falciparummalaria. A trail by Konat�e et al.16 in Burkina Faso
showed similar results.
Evidence from the Unitaid-funded project Achieving Cata-

lytic Expansion of SMC in the Sahel (ACCESS-SMC) has
shown the impact of SMC at scale.17 Case-control studies in
five countries showed that SMC treatment was associated
with a protective effectiveness against clinical malaria of
88.2% (95% CI: 78.7–93.4). Meanwhile, secondary analyses
based on HMIS data and health facility records using a differ-
ence-in-differences approach, in the context of around 75%
coverage, found reductions in confirmed outpatient malaria
cases of between 25.5% (95% CI: 6.1–40.9) and 55.2%
(95% CI: 42.0–65.3) across seven countries. In Chad, there
was a reduction of 43.6% (95% CI: 17.8–61.3) based on
records from 11 health facilities.17

Seasonal malaria chemoprevention in Chad. In Chad,
the SMC program is under the supervision of the Chadian
national malaria control program (PNLP, or Program National
de Lutte contre lePaludismeduTchad). It is primarily delivered
door-to-door over four consecutive monthly cycles spanning
July to October by trained SMC community distributors.18

Each cycle, eligible children are administered one dispersible
tablet of SP and one of AQ on the first day under the supervi-
sion of SMC distributors, and single doses of AQ on the sec-
ond and third days by their primary caregivers or other family
members.
Seasonal malaria chemoprevention was first delivered in

Chad under the leadership of the Chadian National Malaria
Control Program (NMCP) in four health districts in 2013 and
in one district in 2014 with support from the United Nations

*Address correspondence to Sol Richardson, Malaria Consortium,
The Green House, 244–254 Cambridge Heath Rd., London, E2
9DA United Kingdom. E-mail: s.richardson@malariaconsortium.org

1712

Am. J. Trop. Med. Hyg., 105(6), 2021, pp. 1712–1721
doi:10.4269/ajtmh.21-0314
Copyright © 2021 by The American Society of Tropical Medicine and Hygiene

mailto:s.richardson@malariaconsortium.org


Children’s Fund (UNICEF). Starting in 2015, ACCESS-SMC
was launched in Chad and six other countries with the objec-
tives of removing barriers to SMC scale-up and shaping the
market forSMCmedicines.17 In 2015,SMCwasalsodelivered
by UNICEF and the French Red Cross (Croix-Rouge
française), and in 2016 the Global Fund (the Global Fund to
Fight AIDS, Tuberculosis and Malaria) also started to support
SMC implementation in Chad. After the completion of
ACCESS-SMC in 2017, Malaria Consortium (the lead organi-
zation in that program) has continued to support SMC imple-
mentation using philanthropic funding. Table 1 summarizes
the numbers of Chadian health districts in which SMC was
implemented by year and supporting organization, eligible
and total districts by year, proportions of eligible and total dis-
tricts in which SMC was implemented, estimated number of
eligible children living (3–59 months) in eligible districts tar-
geted for SMCdelivery by year, and yearly proportions of total
eligible children nationally in eligible districts targeted for SMC
during 2013–2019.

Study objective. Although the protective efficacy of SPAQ
against clinical episodes of P. falciparum malaria has been
demonstrated by controlled trials, there remains limited evi-
dence of the effectiveness of SMC at scale at a national level
in Chad and other countries despite thewidespread introduc-
tion of SMC since 2013.
Theobjectiveof this studywas to investigate theassociation

between implementation of SMC in Chad during the period
January 2013–December 2018, and district-level rates of sus-
pected and confirmed outpatient malaria cases reported at
primary health facilities, using readily available routine clinical
malaria data, and to calculate a pooled estimate of effect for
SMC across multiple districts.

MATERIALS AND METHODS

Setting, malaria case management, data sources, and
variable definitions. In 2013, there were 72 health districts
in Chad, of which 39 were eligible for SMC. Since 2014 health
districts were progressively subdivided to create additional
smaller districts.SMCwas implemented in at leastoneseason
in 23 of the 39 original eligible health districts during January
2013–December 2018 (inclusive). This study was conducted
on the basis of 2013 health districts, with data reaggregated
from subdivided health districts where applicable.
All individuals presenting at health facilities with symptoms

of feverwere definedas suspectedmalaria cases.Caseswere
primarily confirmed using RDT, in accordance with a national
policy adopted in 2009 to provide for free RDT at all registered
facilities. A minority of cases were confirmed by microscopy;
(despite reduced popularity in favor of RDT); this occurred pri-
marily at urban health facilities and private clinics that retain
the capacity for microscopy, and often at patients’ own
expense. Microscopy was mainly used because of the
unavailability of RDT, or to confirm the results of RDT.
Although diagnostic criteria were applied uniformly across all
health districts, availability of RDT may have varied between
districts and over time (with progressive improvement in
RDT availability, particularly since 2015).
Data on health district-level monthly counts of suspected

and confirmed cases were obtained from the Chadian Health
Management Information System (HMIS) compiled by the
Chadian Ministry of Health’s Directorate for Health Data and

Health Information (DSSIS: Direction des Statistiques Sani-
taires et de l’Information Sanitaire). In brief, health facility
data on a range of indicators, including attendance formalaria
byagegroup, arecollectedbyhealth facilities anddistrict hos-
pitals using record books provided through the NMCP, trans-
ferred to HMIS reporting forms, and converted to electronic
format by district managers. TheHMIS data are sent from dis-
tricts by e-mail or flash drives to provincial health delegations,
and finally to the DSSIS where data are compared with
monthly malaria reports produced by the NMCP (based on
reporting forms submitted by health facilities) to ensure con-
sistency of data, and compiled into a HMIS database.19 The
HMIS reporting procedures remained the same between dis-
tricts and over the study period. Data quality assurance
(DQA) at the health facility level varied widely, but the same
DSSIS DQA procedures were applied to all districts.
Malaria cases were reported at the district level for each

month by combining numbers of monthly cases reported
from all government-registered primary health facilities in
that district which provided data in that month. District-level
observations comprised numbers of monthly suspected
malaria cases and confirmed cases (defined as suspected
cases with confirmed malaria infection by either rapid diag-
nostic testing or microscopy, without double-counting of
cases diagnosed by both methods). In addition, HMIS data
included numbers of primary health facilities in each district
by month, and the number of facilities that provided data to
the NMCP in that month.
Data on district-level populations of children aged 0–59

months were obtained from the DSSIS.†Mid-year population
estimateswere available for 2019; thesewereprojectedback-
ward based on a constant population growth rate of 3.4% to
estimate district-level populations by year for 2013–2018.

Descriptive analysis.We calculatedmonthly rates of both
suspected and confirmed malaria cases per 1,000 children
aged 0–59 months‡ for each district over the study period.
This was accomplished by dividing the numbers of cases by
annual estimates of district-level population provided by
DSSIS multiplied by a factor representing the proportion of
health facilities which provided data on malaria cases to
NMCP in that month to correct for underestimation of inci-
dence because of nonreporting.
Tableswere compiled toshoweligibledistricts that received

anddidnot receiveSMCduring thestudyperiod, in addition to
ineligible districts, by estimated population of children aged
0–59 months over 2013–2019.

Statistical analysis. Using data from the 23 eligible 2013
districts where SMC was delivered in at least one year during
the period 2013–2018, we fitted generalized additive mixed
models using a quasi-Poisson link function for count out-
comes to test the association betweenmonths of SMC imple-
mentation and reported malaria cases in children aged 0–59
months using R version 3.6.2 for Windows. Two models

†According to DSSIS estimates, the population of children aged
0–59monthswasassumedtocomprise19.93%of the totalpopulation
foreachdistrict.Childrenaged0–11monthswereassumedtomakeup
4.42% of the total.

‡ In clinic registers and HMIS data, malaria cases were recorded for
the age categories 0–11 months, 12–59 months, 5–14 years, and 15
years and above. Monthly counts of cases among children aged
0–59months were calculated by summing the former two categories.
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were fitted for different outcomes: suspected cases (Model 1)
andconfirmedcases (Model 2).Bothwere expressedascount
measures of monthly cases by 2013 district (combining cases
from districts that had been subdivided from original
2013 districts).
The primary exposure, SMC implementation, was

expressed as a binary variable with “1” corresponding to the
expected period of protection (July–October inclusive). In
2016, the 2013 district of Moussoro was subdivided into the
districts of Chaddra, Michemire, Moussoro, and Salal. In that
year, SMC was implemented in the districts of Moussoro
and Chaddra only. The exposure variable was coded as
“0.745,” representing the estimated proportion of the popula-
tion in these subdivided districts targeted for SMC, maintain-
ing the 2013 Moussoro boundaries.
Year and health district were fitted as random effects (with

years nested within health districts), to account for contextual
factors varying between districts and over time. Cyclic cubic
spline terms were fitted on month using the R package mgcv
individuallybyhealthdistrict onmonth toadjust for seasonality
of malaria cases. Models used an offset term to account for
district-level population change over time and proportion of
facilities reporting malaria cases. This was accomplished by
log-transforming the product of the annual estimates of
district-level populationprovidedbyDSSISand the factor rep-
resenting the proportion of health facilities that provided data
on malaria cases in each month by district.
Results were expressed as rate ratios (RR) for monthly

cases duringmonths in which SMCwas implemented relative
to months in which it was not after seasonal adjustment, with
95%CIs. Rate ratioswere used to calculate a pooled estimate
of effect for SMCacross the 23 districts. Estimated degrees of
freedom (EDF, with a value of 1 corresponding to a linear
effect) were calculated for each district’s spline term along
withP values.20,21 Splineswereplotted for eachhealthdistrict,
representing monthly seasonality in malaria cases, were
graphed for both Model 1 and Model 2 using the R package
ggplot2. Figure 1 illustrates the modeling approach used.
We hypothesized that counts of confirmed monthly malaria

cases of “0”may have been attributable to issues with testing
or reporting, rather than an absence of cases given their
apparent clustering in specific districts at the beginning of
the studyperiod.We therefore undertook a sensitivity analysis
by refitting Model 2 for children aged 0–59 months with the
assumption that monthly observations of “0” were missing
data.§
The analysis assumed that SMC coverage was 100%

across all districts, and district-level counts of malaria cases
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§Data were consideredmissing and omitted from the primary anal-
ysis where either 1) the number of health facilities reporting cases in a
given month was recorded as “0” in the HMIS database; or 2) cells
showing numbers of health facilities reporting cases, ormonthly num-
bersofcases,were leftblank. Insome instances,however,anumberof
reporting health facilitieswas given but number of caseswas reported
as “0”; these observations were omitted for the purposes of the sensi-
tivity analysis. Observations of monthly counts of confirmed malaria
casesof “0”duringJanuary–July2013 (inclusive)occurred ineightdis-
tricts, including Bitkine, Guelendeng, L�er�e andMangalm�e (6 months),
Ngouri (3 months), Massenya and Moussoro (2 months), and Mongo
(1month).Countsof“0”confirmedcaseswere found inBagassoladur-
ing2016; for thepurposesof this sensitivity analysis thiswas assumed
to be missing data.
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included children aged 0–2months whowere not targeted for
SMC. We therefore performed sensitivity analyses by refitting
Models 1 and 2 with assumed coverages of SMC of 80% and
90%, and restricting our outcome measure to cases among
children aged 12–59 months.k

RESULTS

Descriptive analysis. Health districts were subdivided
from 72 in 2013 to 118 in 2018 (of which 59 were eligible and
59 noneligible). Based on the DSSIS data, it was estimated
that the number of children aged 3–59 months targeted to
receive SMC increased from 186,000 in 2013 to just over
1.13 million by 2018 as implementers expanded their pro-
grams to new districts (Table 1).
Figure 2 showsamapofChad,with locationsof all 23 health

districts where at least one round of SMC implementation
occurred during 2013–2018 marked. In 2013, these districts
hadan estimated1.11million children aged 0–59months. Fig-
ure 3 displays monthly suspected and confirmed malaria
cases among children aged 0–59 months reported at primary

health facilities by district over the study period as a rate per
1,000 children of that age. The months in which SMC took
place in each district are shown in gray. Of the 899,115 sus-
pected malaria cases in recorded among children aged 0–59
months in the 23 districts during the study period, 526,711
(58.6%) were confirmed by RDT or microscopy. The propor-
tion of suspected cases confirmed remained similar through-
out the study period.
On average, 89.5% (95%CI: 88.9–90.1) of health facilities

across all 23 districts provided data on malaria cases to the
NMCP across all months of the study period. Data on
monthly suspected and confirmed malaria cases during
the periods January–June 2013 and October–December
2018 (inclusive) were missing for Bagassola district, and
January–June 2013 for Oum Hadjer, whereas no data were
available for L�er�e for 2018. Data on proportions of facilities
reporting malaria cases to HMIS were missing for Moussoro
for 2013. Data from these districts and months were not
included in the analytic dataset.

FIGURE1. Conceptual illustrationofuseofgeneralizedadditivemod-
els for estimating the effect of seasonal malaria chemoprevention
(SMC) on district-level monthly counts of malaria cases. Modeling
approach. The graph shows hypothetical fitting of mean monthly
counts of malaria cases in a district over 3 years (with SMC delivery in
the latter 2 years) using generalized additivemixedmodels. Gray areas
correspond to July–October; darker gray represents periods in which
SMC was delivered. The dash-dotted line represents the district-level
random intercept. Dotted lines represent random effects for each
year, fitted as random intercepts and nested within the district. Differ-
ences in mean monthly malaria cases between years are illustrated
by differences between dotted lines. Solid line curves show hypotheti-
cal monthly malaria case counts fitted by the model based on cyclic
cubic splines (for seasonality). Curves showa hypothetical 10% reduc-
tion in rate of malaria cases (rate ratio: 0.90) during SMC delivery.
Dashed line curves represent counterfactual expected rates of malaria
cases without effect of SMC. The relative difference between solid and
dashed line curves corresponds to the rate ratio. Effect of SMC was
assumed to be uniform across all districts and periods with SMCdeliv-
ery; rate ratios represent pooled estimates of effect across districts and
years.

FIGURE 2. Map of regions of Chad with locations of eligible health
districts in which seasonalmalaria chemoprevention (SMC)was imple-
mented during 2013–2018. The following letters represent 2013
districts that receivedSMCduring theperiod2013–2018:A:Ati;B:Bag-
assola;C:Bitkine;D:Bokoro; E:Bol; F:Bongor;G:Bousso;H:Dourbali;
I: Guelendeng; J: L�er�e; K: Mandelia; L: Mangalm�e; M: Massaguet; N:
Massakory;O:Massenya;P:Mongo;Q:Moussoro;R:N’Djam�enaCen-
ter; S: N’Djam�ena Est; T: N’Djam�ena Nord; U: N’Djam�ena Sud; V:
Ngouri; W: Oum Hadjer.

k Incidence of malaria among children aged 12–59 months was
reported separately in HMID data, and extracted and used as the out-
come variable in this sensitivity analysis. Model offset terms were
recalculated based on DSSIS estimates of district-level populations
for children aged 12–59months as appropriate.
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Supplemental Tables 1–3 show estimated populations of
children aged 0–59 months by year for each 2013 district
based on DSSIS data over the period 2013–2019, for eligible
districts that received SMC during 2013–2018 (Supplemental
Table 1), eligible districts that did not receive SMC

(Supplemental Table 2), and ineligible districts (Supplemental
Table3).All tablesshowtheevolutionofhealthdistrictsas they
dividedover time to create newdistricts. TableS1displays the
years in which eligible districts received SMC and organiza-
tions supporting implementation by year.

FIGURE3. Numbersofmonthly suspected (solid line) andconfirmed (dashed line)malaria casesamongchildrenaged0–59months inprimaryhealth
facilities, and periods of seasonalmalaria chemoprevention (SMC) rounds (gray areas), in 23Chadian health districts in whichSMCwas implemented
during2013–2018.Gray areas correspond to the period of SMCdelivery anddurationof effect (July–October); darker gray represents periods in years
in which SMCwasdelivered in each district, whereas lighter areas represent the high-transmission season in years without SMCdelivery for compar-
ison. Rates of suspected and confirmed cases inMoussoro district from January to December 2013 calculated on assumption of case reporting from
100% of health facilities.
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Statistical analysis. The results of the statistical analyses
show that district-level rates of reported suspected (Model 1
RR:0.82, 95%CI:0.72–0.94.P50.006)andconfirmed (Model
2 RR: 0.81, 95%CI: 0.71–0.93,P5 0.003)malaria cases were
significantly lower during themonths of the high-transmission
season in years in which SMCwas implemented than in years
without SMC (Table 2). These results indicate a reduction in
expected monthly cases of just under 20% during periods of
SMC implementation.
Figure 4 and Supplemental Figure 1 show graphs of cubic

spline terms by district, used to adjust for seasonality in
district-level monthly counts of suspected and confirmed
malaria cases among children aged 0–59 months, as pre-
dicted by Models 1 and 2. The curves represent relative pre-
dicted numbers of confirmed cases per month compared
with the grandmean for the year, expressed RRs, and are dis-
played with 95% CIs.
There were reported counts of “0” confirmed cases for 33

months across eight districts, of which 31 occurred in 2013.
The results of the sensitivity analysis show that the estimate
of effect of SMC implementationwasunchangedafter exclud-
ing months in which counts of confirmed cases among chil-
dren aged 0–59 months were recorded as “0” in HMIS (RR:
0.81, 95% CI: 0.71–0.93, P 5 0.003). We found a greater
size of effect for SMC implementation on suspected (RR:
0.78, 95% CI: 0.67–0.93, P 5 0.006) and confirmed cases
(RR: 0.77, 95% CI: 0.65–0.91, P 5 0.003) among children
aged 0–59 months when coverage was assumed to be 80%.
Effect sizes were greater after refitting models for observa-

tions of monthly counts of suspected and confirmed cases
among children aged 12–59 months, and greater still after

varying assumed SMC coverage (Table 3); for example, at
80% assumed coverage, we found an effect size of 28%
(RR: 0.72, 95% CI: 0.61–0.84, P, 0.0001).

DISCUSSION

Although not the first to evaluate impact malaria interven-
tions using HMIS systems,22 or of SMC in Chad,17 this study
was able to do so at a country-wide scale covering 23 health
districts (with 496 health facilities in 2016). Our results showed
an 18% reduction in suspected cases, a 19% reduction in
confirmed cases reported at primary health facilities among
children aged 0–59 months at the district-level during the
months of SMC implementation. However, this estimate of
SMC’s impact on malaria is substantially below the expected
reduction in clinical malaria episodes of around 75%,6 or that
found in previous trial-based studies.13–16 Previous findings
on the impact of SMC vary by study type, even across the
same settings; the evaluation of ACCESS-SMC found a
reduction of 42.4% in malaria incidence across six countries
based on HMIS data, whereas case-control studies using
individual-level data across five of the same countries found
a pooled effect size of 88.2%.17

Our estimate of protective efficacy, based on a secondary
analysis of routine data to evaluate SMC implementation at
scale, may not be comparable with previous studies for vari-
ous reasons. First, impact is dependent on coverage among
eligible children, which may have varied between health dis-
tricts and over time. Although covariate adjustment for cover-
age was not possible because of lack of comprehensive data
for 2013–2018, aSMCend-of-round survey in 2020 found that

TABLE 2
Results of generalized additive mixed models for associations between periods implementation of SMC and rates of suspected and confirmed

malaria cases in 23 health districts

Parameter Model 1 (suspected cases) Model 2 (confirmed cases: RDT or microscopy)

SMC implementation RR (95% CI) P value RR (95% CI) P value

Month SMC implemented* 0.82 (0.72–0.94) 0.006 0.81 (0.71–0.93) 0.003
District-level spline terms EDF† P value EDF P value
A: Ati 3.98 , 0.001 3.59 , 0.001
B: Bagassola 3.04 , 0.001 3.11 0.137
C: Bitkine 4.47 , 0.001 3.45 , 0.001
D: Bokoro 3.78 , 0.001 3.09 , 0.001
E: Bol 3.57 0.030 3.61 , 0.001
F: Bongor 6.56 , 0.001 6.43 , 0.001
G: Bousso 2.45 0.024 2.59 0.004
H: Dourbali 2.96 0.008 2.70 0.002
I: Guelendeng 3.38 , 0.001 3.02 , 0.001
J: L�er�e 5.28 , 0.001 5.66 , 0.001
K: Mandelia 2.14 0.450 3.24 0.002
L: Mangalam�e 2.96 , 0.001 2.84 , 0.001
M: Massaguet 2.92 0.057 3.22 0.011
N: Massakory 4.66 , 0.001 4.71 , 0.001
O: Massenya 2.43 0.008 2.28 0.004
P: Mongo 4.43 , 0.001 4.39 , 0.001
Q: Moussoro 0.75 0.702 1.50 0.396
R: N’Djam�ena Center 3.71 0.298 3.83 0.011
S: N'Djam�ena Est 3.13 0.074 3.32 0.011
T: N’Djam�ena Nord 2.80 0.293 3.17 0.039
U: N’Djam�ena Sud 4.08 0.054 4.10 0.005
V: Ngouri 3.77 0.024 3.32 0.004
W: Oum Hadjer 3.02 0.001 2.61 0.000
EDF5 estimated degrees of freedom; RR5 rate ratio; SMC5 seasonal malaria chemoprevention.
*Correspondstotheassociationbetweenthe implementationofSMCinagivenmonthandsuspectedandconfirmedcases inthesamemonth, relative totheexpectednumberofcases ifSMChadnot

been implemented (predicted based on seasonality of malaria incidence in years without SMC implementation), with effect sizes expressed as rate ratios for monthly cases.
†TheEDFisameasureofhow “wiggly” thesmoothterm is (i.e.,EDF51correspondstoa lineareffect).TheEDFcanbeconsideredtheequivalent to thepolynomialorderof thesmoothtermplus1.The

P value is used to measure the statistical significance of the smooth term’s difference from a linear effect.
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coverage of SPAQwas over 90%of eligible children across all
four cycles, andcaregivers’adherence toadministrationofAQ
in days following distributor visits was over 97% across all
cycles, across 20 districts where SMC was supported by
Malaria Consortium.23 Second, timing of SMC cycles may

not have corresponded exactly with July–October (assumed
tobe theperiodofeffectofSMCfor thepurposesofmodeling);
timing of cycles and intervals between them may have been
inconsistent between districts, and between years (e.g.,
because of delays or stock-outs of commodities). Third,

FIGURE4. Graphsof cyclic cubic spline termsfitted for seasonality inmonthly district-level countsof suspectedmalaria cases amongchildren aged
0–59months in primary health facilities (Model 1) in 23 Chadian health districts in which seasonal malaria chemoprevention (SMC) was implemented
during 2013–2018. Graphs show model-fitted cyclic cubic spline terms (solid line), representing predicted rates of suspected malaria cases over
January–December as a ratio relative to the annual grand monthly mean (dotted line), with 95% CI (dashed lines).
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analyses of cases among children 0–59 months may have
underestimated effect sizes for SMC implementation as chil-
dren 0–2 months were not targeted for SMC but cases in
this group were included in the outcome measure; it should
be noted, however, that a very small proportion of pediatric
malaria cases occur in this age group in African settings.24

The results of our sensitivity analyses showed larger effect
sizes with assumed SMC coverage of under 100%, and refit-
ting models for counts of cases among children aged 12–59
months. AlthoughCIsof allmodel RRsoverlapped, these find-
ings highlight that estimates of SMCeffectiveness at scale are
sensitive to model assumptions.

Strengths and limitations. HMIS systems are a rich and
readily available source of data for evaluation of public health
interventions.25 In theabsenceof usablecovariatedata cover-
ing all eligible health districts and months of the study period,
for example, relating to climate†† or population demo-
graphics, the use of spline terms and random effects to
account for seasonality (i.e., adjusting for differences in
district-level malaria incidence between high- and low-
transmission seasons) and differences in underlying risk of
malaria transmission between districts and years presented
a method to adjust for contextual factors influencing malaria
incidence at the district level for which sufficient data were
not available.
Data were insufficient to adjust for effects of other interven-

tions as fixed effects and only available for 2014–2015 from a
Demographic andHealthSurvey,26 which found that, in the 23
districts studied, household ownership of at least one long-
lasting insecticidal bed net ranged from 53.8% in the region
of Barh El Gazel (Moussoro district) to 90.1% in Mayo Kebbi
Ouest (L�er�e district), whereas coverage with indoor residual
spraying within the past 12 months was 2.2% (N’Djamena)
or less. It was not possible to determine whether coverage
of these interventions varied over time, or by district within
regions; use of random intercepts for district and year implic-
itly adjusted for this variation, however.
Use of HMIS data for impact evaluations raises issues over

internal validity, completeness, andpotential bias in estimates

of effect,23 and cautionmust be exercised in interpreting their
findings.27 There are threemajor limitations relating to the use
of passive malaria surveillance systems such as HMIS: 1) only
a fraction of infected individual cases seek treatment for
malaria at (government-registered) health facilities; 2) of those
patientswho seek care, not all are tested using parasitological
diagnosis; and 3) not all facilities report malaria cases consis-
tently over time.28 One study, based on data from 2007, found
that less than 10% of children aged 0–59 months with fever
attended a health facility;29 this suggests that there is consid-
erable underreporting of malaria cases in HMIS. Derivation of
variables representing stockouts of RDTs or proportions of
suspected cases tested was not possible with available
data. In addition, microscopy was used to a different extent
across districts, and in some may have represented a fall-
back method in case of RDT stockouts. Diagnostic methods
vary in sensitivity and specificity, with implications for accu-
racy of reporting of confirmed cases.30 In addition to reports
of data quality issues in HMIS by the Chadian Ministry of
Health,31 a recent audit of quality of HMIS data by Mouk�enet
et al.32 including all government-registered health facilities in
the district of Massaguet showed overreporting of both sus-
pected and confirmed malaria cases among children aged
1–4 years by a factor of more than two in the HMIS database
during the high-transmission season compared with records
in logbooksobtaineddirectly fromhealth facilities.Other stud-
ies in comparable settings report substantial overreporting of
confirmed malaria cases, misdiagnosis, and overprescription
of anti-malarials.33,34 Although this study was able to detect a
significant effect for SMC on malaria incidence despite data
quality issues (likely as a result of the relatively large effect
size outweighing inconsistencies in case reporting), further
efforts are required to improve routine clinical data and its
reporting in Chad and other African settings,35 account for
data quality issues when evaluating impacts of health inter-
ventions, and define quality criteria for inclusion of data in
such evaluations.
One limitationof the exposure variablewas that SMCcover-

age in each model was assumed to be the same across dis-
tricts and remain constant between years. It was not possible
to adjust for actual coverage asdata ondistrict-level coverage
were not available for the study period.
Use of annual district-level population estimates based on

2019 DSSIS data and with back projection using a constant
growth rate to calculate incidence ofmalaria cases andgener-
ate model offset terms had several limitations. Accuracy of

TABLE 3
Results of sensitivity analyses for associations between periods implementation of SMC and rates of suspected and confirmed malaria cases in

23 health districts, among children aged 0–59 months and 12–59 months, at different assumed levels of SMC coverage

Parameter Model 1 (suspected cases) Model 2 (confirmed cases: RDT or microscopy)

Children age 0–59 months, assumed coverage* RR (95% CI) P value RR (95% CI) P value

100% 0.82 (0.72–0.94) 0.006 0.81 (0.71–0.93) 0.003
90% 0.80 (0.69–0.94) 0.006 0.79 (0.68–0.92) 0.003
80% 0.78 (0.67–0.93) 0.006 0.77 (0.65–0.91) 0.003

Children age 12–59 months, assumed coverage* RR (95% CI) P value RR (95% CI) P value

100% 0.77 (0.67–0.87) , 0.0001 0.78 (0.68–0.90) , 0.001
90% 0.74 (0.64–0.85) , 0.0001 0.76 (0.65–0.89) , 0.001
80% 0.72 (0.61–0.84) , 0.0001 0.73 (0.62–0.88) , 0.001
RDT5 rapid diagnostic test; RR5 rate ratio; SMC5 seasonal malaria chemoprevention.
*Corresponds to theassociationbetweenadministrationofSMC inagivenmonthat agivenassumed level of coverage (of the respectiveagegroup), andsuspectedandconfirmedcases in the same

month, relative to the expected number of cases if SMC had not been administered, with effect sizes expressed as rate ratios for monthly cases.

††Althoughwe attempted to obtain climate data covering the entire
studyperiod for districtswhereSMCwas implemented, including pre-
cipitation,meanminimumandmaximumdaily temperature, and other
variables, from theChadianNationalMeteorologicalAgency (Direction
desRessourcesenEauetde laM�et�eorologie), usableclimatedatacov-
ering 2013–2018 were only available for N’Djamena.We therefore did
not consider use of climate data for the present study.
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district-level populations by year was dependent on that
of DSSIS estimates. The actual growth rate of the population
of children aged 0–59 months may not have matched our
assumption of 3.4% over time and across districts. Although
it did not account for monthly changes in population, or
movements by migratory or nomadic populations,36 to our
knowledge there were no large population movements in the
districts analyzed during the study period.
During the studyperiod, therewere a few instancesof trans-

fers of health facilities between districts; for example, one
health facility was transferred from Dourbali to N’Djam�ena
Sud. Although thiswas reflected in recorded numbers of facil-
ities by district, accuracy of district-level population estimates
would have been undermined. This is likely to have had only a
negligible effect on model results, however.
Estimatesofmonthly incidenceof suspectedandconfirmed

malaria cases among children aged 0–59 months, and gener-
ation of model offset terms, also accounted for the proportion
of health facilities in each district reporting malaria cases to
HMIS. Although populations of individual facility catchment
areaswere available in DSSIS population data, it was not pos-
sible to weight facilities by catchment population when calcu-
lating malaria incidence and generatingmodel offset terms as
the names of facilities not reporting malaria cases to the
NMCP were not shown in HMIS. Our analysis was therefore
performed on the assumption that each facility represented
an equal proportion of that district’s population. This assump-
tion, however, may have led to bias in our descriptive and sta-
tistical analyses; for example, if smaller health facilities had a
greater propensity to not report malaria data to HMIS this
may have biased estimates of malaria incidence upward.

CONCLUSION

The results of this study, based on routine HMIS data, pro-
vide evidence to support the effectiveness of SMC delivered
at scale in Chad during 2013–2018 and present a viable
method for evaluating public health interventions in the
absence of trial studies, household surveys, and extensive
covariate data. Although HMIS data is readily available, its
use is subject to a number of limitations. Further studies on
effectiveness of SMC at scale will use data obtained from a
wider range of sources.37

Analyses applying the methods proposed by this study to
data on monthly malaria cases aggregated at the facility level
in other countries where SMC programs are delivered may
allow more robust analyses to estimate the effectiveness of
SMC, adjustment for facility-level variables, andconsideration
of facility-level data quality (i.e., following data quality audits).
Use of larger datasets with cases aggregated at the facility
level data may overcome the limitations associated with
aggregation at the district level and facilitate secondary anal-
yses such as testing of SMC’s duration of effect after the final
cycle.
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