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Abstract

Background Seasonal malaria chemoprevention (SMC) is an effective intervention to prevent malaria in children
in locations where the burden of malaria is high and transmission is seasonal. There is growing evidence suggest-
ing that SMC with sulfadoxine—pyrimethamine and amodiaquine can retain its high level of effectiveness in East
and Southern Africa despite resistance concerns. This study aims to generate evidence on the effectiveness of SMC
when delivered under programmatic conditions in an area with an unknown anti-malarial drug resistance profile
in the Northern Bahr el-Ghazal region of South Sudan.

Methods A non-randomized quasi experimental study was conducted to compare an intervention county

with a control county. Five monthly SMC cycles were delivered between July and November 2022, targeting

about 19,000 children 3-59 months old. Data were obtained from repeated cross-sectional household surveys of car-
egivers of children aged 3-59 months using cluster sampling. Wave 1 survey took place in both counties before SMC
implementation; Waves 2 and 3 took place after the second and fourth monthly SMC cycles. Difference-in-differences
analyses were performed by fitting logistic regression models with interactions between county and wave.

Results A total of 2760 children were sampled in the study across the three survey waves in both study counties.
Children in the intervention arm had 70% lower odds of caregiver-reported fever relative to those in the control arm
during the one-month period prior to Wave 2 (OR: 0.30, 95% Cl 0.12-0.70, p=0.003), and 37% lower odds in Wave

3 (OR:0.63,95% Cl 0.22-1.59, p=0.306) after controlling for baseline difference between counties in Wave 1. Odds
of caregiver-reported RDT-confirmed malaria were 82% lower in the previous 1-month period prior to Wave 2 (OR:
0.18,95% C1 0.07-0.49, p=0.001) and Wave 3 (OR: 0.18, 95% Cl 0.06-0.54, p=0.003).

Conclusion These results show high effectiveness of SMC using SPAQ in terms of reducing malaria disease dur-
ing the high transmission season in children 3-59 month. Despite the promising results, additional evidence
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and insights from chemoprevention efficacy cohort studies, and analyses of relevant resistance markers, are required

to assess the suitability of SMC for this specific context.

Keywords Seasonal malaria chemoprevention, Malaria, South Sudan, Sulfadoxine-pyrimethamine, Amodiaquine,

Effectiveness

Background

Seasonal malaria chemoprevention (SMC) with sulfox-
ide—pyrimethamine (SP) and amodiaquine (AQ) has
been recommended since 2012 by the World Health
Organization (WHO) as an effective strategy to prevent
malaria among children below 5 years in the Sahel region
of Africa [1]. SMC traditionally involves the adminis-
tration of four monthly courses of SP+AQ to children
between 3 and 59 months during the high-transmission
season [2]. This intervention has been shown to be 88.2%
effective at preventing clinical malaria in children under
five during high-risk periods [3]. Since the WHO recom-
mendation was made, implementation studies have been
conducted in Sahelian and sub-Sahelian regions such
as The Gambia, Chad, Burkina Faso, Mali and Senegal,
which confirmed the effectiveness and cost-effectiveness
of SMC in real-world conditions [3-9]. For those rea-
sons, the scale-up of SMC in West and Central Africa is
often seen as a success story. East and Southern African
regions were not prioritized for SMC scale-up due to
high levels of SP resistance. However, a recent study pro-
vided the first published evidence of effectiveness of SMC
in a high resistance setting found the SMC using SP + AQ
provided high level of protective effect (92%) against
malaria during the peak transmission season in children
aged 3—-59 months in the Karamoja sub-region of Uganda
[10].

South Sudan is among the countries with highest
malaria transmission, with almost 3 million malaria cases
estimated in 2021 [11]. Malaria is the leading cause of
death in the country, and control efforts are challenged
by the ongoing conflict situation, high levels of poverty
and malnutrition [12, 13]. Malaria is endemic in all the
regions, with prevalence peaking by the end of the rainy
season from September to November. In the north of the
country, total rainfall volumes are lower compared to the
south, and tend to last between 5 and 6 months [14]. The
country is also at one of the highest climate crisis risks,
already suffering from increased flooding and changes
in the rain seasonality, which is expected to worsen the
malaria situation [15].

According to DHIS2 data and the Malaria Indicator
Survey of South Sudan, Northern Bahr el Ghazal has one
of the highest reported burden of malaria in the coun-
try for 3 to 59 months old children, with 32.5% of them
testing positive based on malaria microscopy [14]. Over

the recent years, the security context of Northern Bahr
el Ghazal has been relatively calm, allowing for develop-
ment support organizations to establish themselves in
its capital, Aweil Town. The seasonal pattern of malaria
transmission and disease burden in the area, coinciding
with the peak of the rainy season, meets the current SMC
eligibility criterion which requires that at least 60% of
cases occur during a maximum of 4 months (Additional
file 1: Fig. S1).

In recognition of the need to prevent malaria and
reduce morbidity and mortality among children, and
the potential benefits of SMC in achieving those goals,
SMC has been included in South Sudan’s current national
malaria strategy [16]. The Malaria Consortium, one of
the leading organizations implementing SMC world-
wide, has a well-established field operations coordination
office in Northern Bahr el Ghazal, from where it imple-
ments several health-related programmes in partnership
with the National and State Ministries of Health. It is
acknowledged that, an intervention’s success and impact
vary across settings, and implementation programmes
need to be context specific. Therefore, the Malaria Con-
sortium in partnership with the National Malaria Control
Programme (NMCP) of South Sudan, developed a multi-
component implementation research study exploring the
effectiveness, feasibility, and acceptability of SMC, as well
as the chemoprevention efficacy of SPAQ in Aweil South
County, Northern Bahr el Ghazal state. SMC was imple-
mented by Médecins Sans Frontiéres in the Aweil County
of Northern Bahr el Gazhal during the 2021 and 2022
high malaria incidence seasons, based on a fixed-point
and a door-to-door delivery approach, respectively. How-
ever, impact outcomes of the intervention are not pub-
licly available [17].

This paper presents the results of the effectiveness com-
ponent of the implementation research, the aim of which
was to investigate the effectiveness of SMC, on an inten-
tion-to-treat basis, for prevention of clinically-significant
cases of malaria among children aged 3—59 months.

Methods

Study design

This study was a component of a Type II hybrid effec-
tiveness-implementation study design [18]. It involved
a non-randomized controlled study based on a cluster
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sampling approach with repeated cross-sectional surveys
of caregivers of children aged 3—59 months.

Study settings

Northern Bahr el Ghazal state is part of Greater Bahr
el Ghazal and includes five counties: Aweil South, East,
West, North and Center with a total area of 30,543 km
(Fig. 1A, B). Aweil Town is the capital of the state, and
most of the state’s population is composed of Dinka and
Jurchol tribe members, and a minority of Luo tribe mem-
bers, whose main source of livelihood is agriculture and
livestock. Floods occur annually from June to November
and hinder routine life, causing internal displacements.

Seasonal malaria chemoprevention implementation

National, state, county and boma stakeholders’ meet-
ings were organized before SMC implementation. A
total of 288 community health workers, nationally
known as Boma Health Workers (BHWSs), and 18 BHW
supervisors, were trained for this intervention. BHWSs
delivered SMC house-to-house to eligible children in
the intervention county (Fig. 1) and directly observed
treatment for the first doses of SP+ AQ. Instructions
on how to administer day 2 and 3 AQ doses were given
to caregivers. Eligibility criteria for SMC administra-
tion included: children aged 3—59 months at the time of

NORTHERN BAHR EL GHAZAL
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SMC distribution and residing in the intervention area,
afebrile with no other malaria-associated symptoms
in the 48 h prior to recruitment. Children with known
allergies or adverse reactions to SP or AQ, that received
a sulfa-based medication for treatment or prophylaxis,
receiving azithromycin, treated with AQ in the past
28 days, suffering from severe malnutrition or HIV pos-
itive were deemed ineligible.

Before the start of each SPAQ distribution cycle, sen-
sitization activities including radio announcements
and community engagement meetings with community
chiefs, religious leaders and caregivers were conducted.
Each study and SMC cycle was monitored and super-
vised by Malaria Consortium staff and SMOH/NMOH
staff.

Based on administrative data collected by BHWs,
cycle 1 of SPAQ administration was conducted from
22nd to 25th July and reached 17,681 children in the
intervention county, Aweil South. In Cycle 2, SPAQ
distribution was conducted from the 19th to the 22nd
August and reached 17,041 children. In Cycle 3, dis-
tribution was conducted from the 17th to the 20th
September and reached 17,007 children. In Cycle 4, dis-
tribution was conducted from the 17th to 20th October
and reached 17,624 children. Cycle 5 of SPAQ adminis-
tration was conducted between the 17th and the 20th
of November and reached 17,532 children.
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Fig. 1 Maps showing the Northern Bahr el-Ghazal region in South Sudan (A) and the study counties (B)
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Survey and data collection methods

The impact of SMC on caregiver-reported fever among
eligible children, and caregiver-reported RDT-confirmed
malaria was investigated using difference-in-differences
(DiD) analyses for prevention of clinically-significant
cases of malaria among children aged 3-59 months on
an intention to treat basis. DiD is a quasi-experimental
approach that compares the changes in outcomes over
time between control and intervention groups [19]. The
study team did not perform RDT confirmation them-
selves, RDT-confirmed malaria cases were reported by
caregivers in the cross-sectional surveys, such RDTs
would have been conducted by the BHWs or at the health
facilities to confirm malaria cases.

Data for these analyses were collected through three
cross—sectional surveys. The first, wave 1, took place in
July 2022 and questions on malaria outcomes covered
the period immediately prior to the start of the SMC
round in Aweil South and the rainy season (7 June to 7
July). Wave 2 and Wave 3 cross-sectional surveys took
place in September and November 2022 and covered the
periods corresponding to the one-month period follow-
ing the start of delivery of SMC in cycle 2 (18 August to
17 September) and cycle 4 (17 October to 16 November),
respectively.

The sample size for each survey was calculated to give
80% statistical power to detect at the 5% significance con-
fidence level using a two-tailed test, a 40% or more differ-
ence in malaria incidence between implementation and
control areas. All 23 Bomas in the intervention county
(Aweil South) were included in the survey and 20 house-
holds were randomly selected from each, resulting in a
sample size of 460 households selected for the interven-
tion arm. Due to the lack of available data on the Boma
populations at the time of study planning, in the control
area (Aweil West), a simple random sample of 23 were
selected from the total of 31 Bomas, with 20 households
selected from each. These clusters were re-randomized
for each wave. The overall target sample size for each
wave was 920 households. As Bomas were selected using
a simple random approach, post-hoc survey weights were
generated based on their population size to ensure repre-
sentativeness of analysis results.

Surveys were administered by pairs of data collec-
tors, with responses recorded on mobile devices using
the application SurveyCTO (version 2.80) [20]. In
each randomly selected household, a roster of all chil-
dren aged 3-119 months was taken and one child aged
3-59 months was selected at random with the aid of
SurveyCTO, as described elsewhere [21]. Surveys forms
were in English and translated in situ to respondents in
their language. The survey contained a range of ques-
tions on child, caregiver and household-level variables.
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Before participating in the survey, caregivers and heads
of household provided written informed consent.

Outcome measures

The main outcomes of this study were: caregiver-
reported fever among eligible children, and caregiver-
reported HRP-2 RDT-confirmed malaria in the relevant
month period covered by each survey wave. Secondary
outcomes included SMC coverage in terms of the pro-
portion of children in the intervention area who received
Day 1 SPAQ and the proportion of those who received
the full three-day course of SPAQ across monthly cycles.

Statistical analysis

The weighted proportions of children who experienced
each of the two outcomes were estimated in each wave
by county with 95% confidence intervals (95% CI). A
descriptive analysis of the sample recorded in each wave
was conducted, with the following categorical variables:
caregiver-reported fever in the previous 1-month period;
caregiver-reported RDT-confirmed malaria in the previ-
ous 1-month period; child’s sex; child’s age; caregiver’s
sex; caregiver’s age; caregiver’s partnership status; car-
egiver’s self-reported literacy; caregiver’s level of educa-
tion; caregiver’s occupation; and household ownership of
a mosquito net. Indoor residual spraying was excluded
from the analysis as no campaigns had been delivered
in the intervention or control districts within the past
12 months prior to the SMC round. Covariate balancing
between the intervention and control counties was inves-
tigated in each wave, and between waves, using weighted
Chi-square tests.

DiD analysis was performed by fitting logistic regres-
sion models with interactions between county and wave.
This facilitated a comparison of the change in odds of
fever and RDT-confirmed malaria from the pre-inter-
vention period (Wave 1) to the period of the SMC round
(Wave 2 and Wave 3) between the intervention and con-
trol counties to give estimates of effect of SMC in each
wave expressed as odds ratios (OR) with 95% Cls.

For each of the two outcomes, three models were fitted:
Model 1 was the ‘unadjusted’ model without additional
covariates beyond county, survey Wave and interaction
terms; Model 2 further adjusted for the child’s age and
sex; Model 3 represented the ‘full’ model including all
variables selected for inclusion from the full list following
the forward stepwise procedure by sequentially adding
terms with likelihood-ratio p<0.1 and removing those
with p>0.2. For both outcomes, only household net
ownership and the housing quality scale met the criteria
for inclusion. Variables considered for inclusion in Model
3 comprised all those mentioned above, in addition to a
housing quality index was defined using Mokken scale
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analysis, to be described in a future publication. Survey
weights were applied to all models [22]. STATA 17 soft-
ware was used to conduct the analysis of this study [23].

Sensitivity analysis

The primary analysis was conducted on an intention to
treat basis. In addition, sensitivity analyses were con-
ducted excluding children in the intervention county who
did not receive Day 1 SPAQ in the month before the sur-
vey and those in the control county who received Day 1
SPAQ in the month before the survey. A second sensitiv-
ity analysis further excluded those children in the inter-
vention county who did not receive AQ on Day 2 and Day
3.

Ethical considerations

This study received ethics approval by the ethical review
board at the Republic of South Sudan Ministry of Health
in Juba.

Results

Participants’ characteristics

A total of 2760 children aged 3—59 months were enrolled
in the study across the three survey waves (946 in Wave 1,
902 in Wave 2 and 912 in Wave 3) in both study counties.
Tables 1 and 2 present participants’ child-, caregiver- and
household-level characteristics at baseline and across the
three survey waves. Overall, there were no significant dif-
ferences observed in the characteristics when compared
across survey waves, with the exception of household net
ownership (p=0.011) and sex (p=0.023). Similarly, after
sample weighting to account for survey design, there
was balance in the participants’ characteristics between
the intervention and control counties within each survey
wave, except for household net ownership, which was
significantly higher in the control county (p<0.0001).
Table 2 shows the characteristics of the analytic sam-
ple, including child, caregiver, and household variables,
by county for the baseline survey, while those of Wave
2 and Wave 3 surveys are presented in Additional file 1:
Table S1 and S2.

SMC coverage

In the intervention county, Aweil South, caregiver-
reported SMC coverage of Day 1 SPAQ was 92.0% (95%
CI 83.8-95.8) in the second SMC cycle, and 93.8% (95%
CI 85.3-97.5) in the fourth cycle (Additional file 1:
Table S3). Among children who received Day 1 SPAQ,
reported coverage of receipt of the full three-day course
(that is, receiving both Day 2 and Day 3 AQ from caregiv-
ers in addition to receiving Day 1 SPAQ) was 88.2% (95%
CI 77.2-94.3) and 99.2% (95% CI 97.3-99.7) in the sec-
ond and fourth cycles, respectively.
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In the control county, caregivers reported 23.6% (95%
CI 9.6-47.4) of children received at least one dose of
SMC medicines in the second cycle, and 14.1% (95% CI
0.5.6-31.6) in the fourth cycle.

Distribution of fever and RDT-confirmed malaria

across survey waves and counties

Figure 2A shows the proportions of children in the inter-
vention and control counties whose caregivers reported
fever episodes during the month before the survey wave.
For both outcomes, a decrease was observed following
the second and fourth SMC cycles compared with the
pre-SMC period in the intervention county and increased
in the control county. In the intervention county, fever
was reported in 58.52% (95% CI 40.12-75.62), 52.80%
(95% CI 39.92-67.73) and 53.14% (95% CI 37.32-69.86)
of children in the first, second and third survey waves,
respectively. Among children in the control county, fever
was reported in 84.9% (95% CI 73.42-91.26), 93.8% (95%
CI 90.14-96.33) and 88.3% (95% CI 72.24-96.46) across
the first to third survey waves.

Figure 2B illustrates the proportions of children in the
intervention and control counties by survey wave whose
caregivers reported they had experienced episodes of
RDT-confirmed malaria in the one-month prior to the
survey. In the first, second (following the second cycle)
and third (following the fourth cycle) survey waves,
48.04% (95% CI 31.32-67.61), 40.52% (95% CI 28.23—
54.04) and 38.8% (95% CI 23.32-58.11) of children had
RDT-confirmed malaria, respectively. Among children in
the control county, 52.81% (95% CI 39.12-53.43), 75.35%
(95% CI 63.74—85.15) and 73.61% (95% CI 63.20—81.68)
had malaria in the first, second and third survey waves.

Estimates of protective effectiveness of SMC

Table 3 shows the results of DiD analyses for SMC
effectiveness in terms of caregiver-reported fever and
RDT-confirmed malaria. The OR for county shows the
difference in odds of each outcome at baseline between
counties, while the coefficients for Wave show the differ-
ence in odds of each outcome in each survey wave com-
pared with the baseline survey (Wave 1) for both counties
combined under the parallel trends assumption. The
effect of SMC on the odds of reported malaria outcomes
for each wave is shown by the interaction terms.

Results from the full model show that in the interven-
tion county, the odds of caregiver-reported fever dur-
ing the month prior to SMC implementation (Wave
1 survey) were 82% lower (OR: 0.18, 95% CI 0.11-0.62,
p<0.001) compared with the control county. The model
shows a statistically-significant 70% reduction in odds of
caregiver-reported fever in the intervention county rela-
tive to the control county during the one-month period
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Table 2 Comparison of participants’ characteristics at baseline between Aweil South and Aweil West counties, June 2022.
Variable Category Aweil South (intervention) Aweil West (control)
n % Weighted% n % Weighted % p*
Child Fever Yes 289 624 585 410 84.9 84.0 0.007
No 174 376 415 73 15.1 16.0
RDT-confirmed malaria  Yes 218 471 48.0 255 528 457 0.808
No 245 529 520 228 47.2 543
Sex Male 221 477 46.3 229 474 47.5 0.733
Female 242 523 538 254 526 525
Age 3-12 months 43 9.3 84 70 145 8.8 0.703
1 year 107 23.1 220 102 211 24.6
2 years 83 179 19.7 92 19.0 220
3 years 129 279 275 108 224 206
4 years 68 14.7 134 81 16.8 18.2
5 years 33 7.1 89 30 6.2 59
Caregiver Age Under 20 years 89 19.2 139 62 12.8 85 0.118
20-29 years 150 324 303 195 404 43.7
30-39 years 158 341 402 141 292 319
40-49 years 47 10.2 10.8 66 13.7 11.8
50 or more above 19 4.1 4.8 19 39 4.2
Sex Male 138 29.8 277 92 19.0 159 0.025
Female 325 70.2 72.3 391 81.0 84.1
Partnership status Married/partnered 432 933 953 424 878 914 0.155
Non-partnered 31 6.7 4.7 59 12.2 8.6
Literacy Yes 174 376 392 211 437 432 0.680
No 289 62.4 60.8 272 56.3 56.8
Education None 313 676 673 245 50.7 477 0.042
Informal 82 17.7 18.7 68 14.1 124
Primary or above 68 14.7 14.1 170 352 399
Occupation Non-employed 79 17.1 12.0 57 11.8 154 0.252
Unemployed 13 2.8 1.9 10 2.1 36
Agricultural 352 760 827 353 731 69.3
Unskilled manual work 4 09 06 40 83 7.1
Skilled/Service/professional 15 32 29 23 4.8 46
Household Net ownership Yes 165 356 303 339 70.2 723 <0.000
No 298 64.4 69.7 144 29.8 277

Bold values indicate that the strength of evidence is significant at p<0.05

# 2 test for comparison of proportions considering survey design

prior to Wave 2 survey (OR: 0.30, 95% CI 0.12-0.70,
p=0.003), but a non-significant 37% reduction in the
one-month period preceding Wave 3 survey (OR: 0.63,
95% CI 0.22-1.59, p=0.306).

For RDT-confirmed malaria, there was no evidence
to suggest that there was a difference in odds of car-
egiver-reported RDT-confirmed malaria between the
intervention and control counties in the one-month
period before SMC implementation (OR: 0.94, 95%
CI 0.45-1.93, p=0.860). Children in the intervention

county had significantly lower odds of caregiver-
reported RDT-confirmed malaria episodes in the previ-
ous one-month period prior to Wave 2 (OR: 0.18, 95%
CI 0.07-0.49, p=0.001) and Wave 3 (OR: 0.18, 95% CI
0.06-0.54, p=0.003). Overall, these results indicate
that SMC was associated with 82% lower odds of car-
egiver-reported RDT-confirmed malaria episodes dur-
ing the previous one-month period among children in
the intervention county, when compared with those in
the control county.
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Proportions of children with caregiver-reported
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Fig.2 Proportions of children with caregiver-reported outcome. Weighted proportions of children with caregiver-reported fever (A)
and caregiver-reported RDT-confirmed malaria (B) by county (study arm) and across study periods

Sensitivity analysis

The results of the sensitivity analysis are shown in Addi-
tional file 1: Tables S4 and S5. They indicate that, after
exclusion of children who did not follow the intended
protocol for their county in terms of SMC treatment, the
estimated effect sizes for SMC on the two outcomes were
similar to those of the primary analysis.

Discussion
Summary of key findings
This study found that SMC delivered to age-eligible
children under programmatic conditions was associ-
ated with 82% lower odds of caregiver-reported RDT-
confirmed malaria episodes in the Aweil South County
in the Northern Bahr El Ghazal region of South Sudan.
These findings are consistent with, and add to, the grow-
ing body of evidence on the high level of SMC effective-
ness reported in previous randomized and observational
studies [3, 8, 24]. The study also found a reduction in the
odds of caregiver-reported fever in children residing in
the intervention county, relative to those in the control
county. Discrepancy between the statistical significance
of the two outcomes in wave 3 could be due to the relia-
bility of the outcome as an indicator of malaria infection,
with caregiver-reported RDT-confirmed malaria cases
being more reliable, and the associated model outcomes
more relevant for the interpretation of the study results.
More importantly, the study contributes to the emerg-
ing evidence that SMC deployed in new geographies out-
side of the Sahel region of West and Central Africa can
retain its high level of protection against clinical malaria
observed in Sahelian contexts [10].

Implications of study findings

The deployment of SMC has traditionally been consid-
ered suitable in areas where parasite resistance to SMC
medicines is low. This is recognition that resistance to
SP or AQ may reduce the efficacy and effectiveness of
SMC in protecting children against clinical malaria.
For instance, there are concerns that SP efficacy may
be undermined by drug resistance due to mutations in
the dihydrofolate reductase (dhfr) and dihydropteroate
synthetase (dhps) genes [25]. However, the relationship
between the degree of resistance and the effectiveness of
SMC has not yet been fully understood. It is hoped that
SP may retain its effectiveness even in areas where resist-
ance is high, as reflected in the updated WHO guidelines,
which no longer define any geographical restrictions for
the deployment of SMC in new geographies [26].

South Sudan faces ongoing humanitarian challenges,
worsened by conflict and environmental challenges
such as drought and flooding, of which impact on peo-
ple’s livelihoods and access to education and water, san-
itation and hygiene and health services [27]. As such,
SMC implementation in the Aweil South County in the
Northern Bahr El Ghazal region was affected by many
of these contextual constraints like flooding, which
also affected the control area (Aweil West). An effec-
tive delivery of SMC requires high levels of SMC cov-
erage among the target population month-to-month.
Achieving this in study context and similar settings
requires adequate planning, resources, and integration
into existing systems to ensure optimal uptake and cov-
erage. Despite the operational challenges of delivering
SMC in the study setting, a high level of SMC coverage
was achieved, with over 90% of children receiving at
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Table 3 Results of regression models for associations between SMC and caregiver-reported malaria outcomes among children aged
3-59 months using difference-in-differences analysis comparing Aweil South and Aweil West counties, June-November 2022

Outcome Model description Variable  Category Oddsratio 95%Cl p
Caregiver-reported fever outcomes Model 1: unadjusted model County Aweil South (intervention) 0.27 0.10-0.70  0.008
Wave Wave 2 2.78 1.77-437 <0.001
Wave 3 1.44 0.77-2.67 0.246
Interaction County*Wave 2 0.29 0.12-0.70  0.007
County*Wave 3 0.56 0.20-154 0252
Model 2: adjusted for child age County Aweil South (intervention) 0.26 0.11-0.62  0.004
and sex Wave Wave 2 260 168-404 <0.001
Wave 3 1.39 0.72-266 0315
Interaction County*Wave 2 0.29 0.12-0.70  0.007
County*Wave 3 0.59 0.22-159  0.285
Model 3: full model County Aweil South (intervention) 0.18 0.11-0.62 <0.001
Wave Wave 2 240 1.68-4.04  0.001
Wave 3 1.36 0.72-266  0.260
Interaction County*Wave 2 0.30 0.12-0.70  0.003
County*Wave 3 0.63 022-159  0.306
Caregiver-reported RDT-confirmed ~ Model 1: unadjusted model County Aweil South (intervention) 1.10 051-2.23 0.807
malaria outcomes Wave Wave 2 361 1.93-6.77 <0.001
Wave 3 332 1.91-5.76 <0.001
Interaction County*Wave 2 0.21 0.08-0.55  0.003
County*Wave 3 0.21 006-062  0.006
Model 2: adjusted for child age County Aweil South (intervention) 1.10 0.51-2.38 0.803
and sex Wave Wave 2 361 203-643 <0.001
Wave 3 331 1.91-5.73 <0.001
Interaction County*Wave 2 0.20 0.08-0.54  0.002
County*Wave 3 0.21 0.07-063  0.006
Model 3: full model County Aweil South (intervention) 0.94 0.45-1.93 0.860
Wave Wave 2 339 1.79-643 <0.001
Wave 3 339 1.89-6.08 <0.001
Interaction County*Wave 2 0.18 0.07-049  0.001
County*Wave 3 0.18 0.06-0.54  0.003

Bold values indicate that the strength of evidence is significant at p<0.05

least one dose of SMC across cycles. This indicates that
door-to-door distribution of SMC medicines by BHWs
was successful in reaching most of the target popula-
tion of age-eligible children in the intervention county
despite operational constraints. Similarly, caregiver
reported adherence to unsupervised Day 2 and Day
3 AQ doses was also high. Findings also support cur-
rent evidence on the feasibility of deploying SMC as a
malaria prevention and control strategy in post-conflict
settings with high burden of malaria [28]. Results from
another component of Malaria Consortium’s broader
implementation research which assessed feasibility and
acceptability of SMC in the intervention setting will
contribute additional evidence in this regard and pub-
lished elsewhere.

Despite the promising effectiveness results seen in
the current study, there is a need for further evidence to
facilitate a more accurate understanding of the effective-
ness and suitability of SMC, and to inform any decision
on the continued implementation or scale-up of SMC
in South Sudan and similar high resistance settings. For
example, evidence from chemoprevention efficacy cohort
studies and analyses of relevant resistance markers will
enable further understanding of how well current SMC
drugs work in curing existing infections and prevent-
ing new ones, how long they are likely to remain effica-
cious for, and if there’s a risk of negatively affecting other
chemoprevention strategies which also use SP, such as
intermittent preventive treatment in pregnancy and per-
ennial malaria chemoprevention. Results anticipated
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from parallelly conducted resistance markers, chemopre-
vention efficacy and qualitative study components of the
broader implementation research will make important
contributions to that understanding. Specifically, they
will improve current understanding of the role of drug
resistance in determining SMC effectiveness, efficacy and
potential scalability in South Sudan and similar locations
in East and Southern African regions with high and het-
erogeneous SPAQ parasite resistant profiles. Moreover,
ongoing monitoring and surveillance of SPAQ chemo-
prevention efficacy and associated resistance markers
over time will be required in all locations where SMC
may be deployed in the future.

Study strengths, limitations, and implications for future
research

While this study did not involve the random assignment
of children to study arms, the DiD approach allowed the
estimation of effect of SMC in the absence of randomi-
zation. As SMC was delivered in only one county and it
was considered infeasible to conduct a randomized trial,
either at the individual level or a cluster-randomized trial
at the village level. The DiD method helps to account for
significant differences in outcomes between the treat-
ment and control groups, while also accounting for dif-
ferences in those outcomes across the pre-treatment and
post-treatment periods. A limitation of the DiD approach
utilized here is that the parallel trends assumptions in
the pre-implementation period were based on routine
malaria surveillance data in both study counties, which
may be unreliable due to data quality issues.

Another strength of this study was the intention-to-
treat analysis approach. This enabled the measurement
of the real-world effect of SMC, particularly as not all
children in the intervention county received SMC medi-
cines as intended from caregiver reports, while some
children in the country county might have received SMC
medicines. Although those reports could not be verified,
nor was the extent to which there was contamination
between study arms be ascertained, such occurrences are
not uncommon in studies assessing the effect of public
health interventions, particularly when delivered under
programmatic conditions [29]. As a possible explana-
tion for the higher-than-expected report of receipt of
SMC medicines by children in the control county, it is
hypothesized that some caregivers might not have under-
stood the question, and responded ‘yes’ when asked if
their children received SMC, mistaking SMC with other
malaria medicines, or drugs such as Vitamin A or anthel-
minthics given to their children during health facility vis-
its or health campaigns.

An important limitation of this study was its reliance
on self-reporting by caregivers on the two outcome
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measures (fever and RDT-confirmed malaria cases) in
addition to the caregiver- and household-level covari-
ates tested for inclusion in the models. This may have
introduced the risk of recall bias in the study. For some
of these variables, responses may have been subject to
social desirability bias. While the analyses adjusted for
important covariates and potential confounders such as
household net ownership and housing quality, results
could have been influenced by effects of unmeasured
confounders like health promotion campaigns and
other interventions that might have influenced the
outcomes of interest. However, there was no report on
these in neither of the two study counties during the
study period. Besides, the balance in child, caregiver,
and household-level characteristics between the two
counties should have minimized the impact of any
unaccounted confounding factors.

This study was unable to measure the effect of SMC
on the prevention of malaria infection, case severity
and mortality. Another limitation regarding fever out-
comes stemmed from the study’s inability to ascertain if
reported fever cases by caregivers were indeed attribut-
able to Plasmodium falciparum infection (rather than
another cause, with coincidental malaria parasitae-
mia and RDT positivity). These are therefore empiri-
cal opportunities for future research efforts to address,
part of which is the focus of other components of our
SMC implementation research aiming to assess the
chemoprevention efficacy of SMC in terms of clearing
existing P. falciparum infections and preventing new
ones in settings of high SPAQ resistance.

Surveys were conducted in series, with data collec-
tion in the intervention county taking place a week after
the control county. This may have biased the effective-
ness estimates, as caregivers in the intervention county
were asked to report on malaria-related outcomes with
a longer time lag between the end of the period referred
to in the questionnaire and the date of household inter-
views. The difference in recall time lag was not longer
than 1 week in most instances. Lastly, while results are
consistent with those reported in previous SMC effec-
tiveness studies in low and high resistance settings,
the extent to which this study’s results can be general-
ized to other regions of South Sudan, or other settings
where SMC is being introduced, is uncertain. Future
deployment of SMC in other new geographies need to
be informed by local evidence. That can be through the
conduct of rapid assessment and pilot studies, as pro-
posed in Malaria Consortium’s current implementation
research efforts to generate vital evidence on the poten-
tial suitability of SMC in a range of settings with sea-
sonal malaria transmission in East and Southern Africa.



Khan et al. Malaria Journal (2024) 23:33

Conclusion

Overall, the results show high effectiveness of SMC
using SPAQ in terms of preventing malaria dis-
ease during the high transmission season in children
3-59 month in Northern Bahr el-Ghazal. Despite the
very promising effectiveness results, further evidence
is required for a more accurate understanding of effec-
tiveness and suitability of SMC in this setting. Results
obtained in parallelly conducted resistance markers,
chemoprevention efficacy and qualitative study compo-
nents of the implementation research will contribute to
a better understanding of the role of drug resistance in
determining SMC effectiveness, efficacy and potential
scalability in the region.
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