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Abstract
Introduction: Uganda introduced seasonal malaria chemoprevention (SMC) in the Karamoja region, an area where
transmission of malaria is high. While SMC is effective in similar settings, 2023 surveillance data in Kotido District showed
a 15% increase in malaria incidence among children during implementation. We investigated the factors driving transmission
of malaria among children aged 3 to 59 months in Kotido and assessed SMC effectiveness.
Methods: An unmatched 1:1 case-control study was conducted at three high-volume health facilities in Kotido in September
2024. Cases were children aged 3–59 months with parasitologically confirmed malaria, while the controls were children who
tested negative for malaria at the same facilities, recruited concurrently. We conducted health facility exit interviews with
caregivers of children to collect information on sociodemographic and clinical features. Logistic regression identified factors
associated with malaria, and SMC effectiveness was computed as 1-adjusted odds ratio (aOR)*100.
Results: We enrolled 272 cases and 272 controls. Most cases were female (141, 52%). More of the cases’ caregivers had a
low malaria risk perception (64, 24%) compared to those of the controls (10, 4%). SMC provided a 94% (95% CI: 91%–96%)
protection against malaria in children who took it within 28 days of the previous cycle. Children who had spent more than the
recommended 28 days without SMC administration (adjusted odds ratio [aOR] = 17, 95%CI = 11–26), those with underlying
medical conditions (aOR = 1.6, 95% CI = 1.02–2.5), and those whose caregivers had a low malaria risk perception (aOR =
5.0, 95% CI=2.3–11) were at a higher risk of getting malaria.
Conclusions: Children who did not adhere to the 28-day SMC schedule, had existing health conditions, or whose caregivers
perceived malaria as low risk had increased odds of contracting malaria. Strengthening adherence to SMC schedules, providing
integrated care for children, and enhancing caregiver awareness could maximize SMC effectiveness and sustain malaria control
efforts.
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Introduction

Malaria remains a leading cause of morbidity and mortality
among children under five years globally, with the highest
burden borne by sub-Saharan Africa [1,2]. In 2021, an
estimated 227 million malaria cases occurred worldwide,
with the African region accounting for about 90% of
malaria deaths. Uganda is among the highest-burden
countries, contributing approximately 5% of global malaria
cases, highlighting the substantial risk to children under
five years [3]. Young children are particularly vulnerable
due to limited immunity, making targeted preventive
strategies critical during periods of intense malaria
transmission. Seasonal malaria chemoprevention (SMC) is
one such strategy, and it involves the intermittent
administration of full therapeutic doses of antimalarial
medicines to children aged 3 to 59 months during peak
transmission seasons to prevent malaria episodes and
related deaths [4,5].

SMC consists of monthly administration of a complete
treatment regimen of sulphadoxine-pyrimethamine (SP)
and amodiaquine (AQ), delivered over consecutive months
corresponding to the high-transmission period. Several
randomized controlled trials have demonstrated that SMC
can substantially reduce malaria incidence and severe
disease in young children when delivered at high coverage
and adherence [5]. In Uganda, SMC is primarily
implemented through community-based delivery by village
health teams (VHTs) who conduct household visits.
During these visits, VHTs administer the first dose of SP
and AQ under directly observed treatment (DOT), while
caregivers are instructed to administer the remaining two
daily doses of AQ at home. Age-specific dosing regimens
are used for children aged 3 to <12 months and those aged
12 to 59 months to ensure safety and efficacy.

Uganda initiated the implementation of SMC in April
2021, in response to persistently high malaria transmission
in the Karamoja sub-region, initially targeting Moroto and
Kotido districts before expanding to nine districts [6]. The
2018 Uganda Malaria Indicator Survey identified
Karamoja as having the highest malaria prevalence among
children under five years [7]. Malaria transmission in the
region is highly seasonal, peaking between May and
September and corresponding with a unimodal rainfall
pattern. The annual parasite index in Karamoja exceeds
450 cases per 1,000 population, underscoring the sustained
intensity of transmission and the vulnerability of children
under five years [7].

To support malaria control efforts in the region, the
National Malaria Elimination Division (NMED), in
collaboration with the Malaria Consortium, evaluated the
effectiveness of SMC delivery in Karamoja. These
evaluations demonstrated high short-term protective
efficacy, with a reported 92% reduction in confirmed
malaria cases among children aged 3 to 59 months in

intervention districts compared to control districts over a
five-month period [8,9]. Evidence from both local and
regional studies indicates that SMC provides between 79%
and 94% protection within the first 28 days after
administration, although protection declines with time,
falling to approximately 61% between days 29 and 42
[8,10].

Despite its documented effectiveness, the impact of SMC
has varied across settings, including within Karamoja
[11-13]. Furthermore, retrospective analyses of the routine
Uganda District Health Information System 2 (DHIS2)
data revealed an unexpected increase in malaria incidence
and malaria-related hospitalizations among children under
five years in Kotido District during the 2023 SMC cycles
[14]. These findings raised concerns about ongoing
malaria transmission despite SMC implementation and
suggest that contextual, behavioural, programmatic, or
environmental factors may be undermining the expected
protective effects.

The factors contributing to continued malaria transmission
among children aged 3 to 59 months during SMC
implementation in Kotido District remain poorly
understood. The study aimed to determine factors
associated with malaria transmission among children aged
3 to 59 months during seasonal malaria chemoprevention
implementation in Kotido District, Uganda, and to assess
the effectiveness of SMC in this setting.

Methods
Study setting

This study took place in Kotido District, situated within
Uganda’s Karamoja sub-region. Karamoja’s demographic
characteristics are unique, including its sparsely distributed
nomadic pastoralist communities and distinct housing
infrastructure, which pose challenges to conventional
malaria control interventions such as indoor residual
spraying [15,16]. Kotido District has 230 healthcare
facilities, all providing malaria treatment services. We
conducted the study in three healthcare facilities (Kotido
General Hospital, Panyangara, and Kanawat Health Centre
III (HCIII) (Figure 1). These were purposively chosen as
they recorded the largest number of malaria cases during
the 2023 implementation of SMC.

Study design

An unmatched case-control study was undertaken in
selected health facilities in Kotido District in September
2024. A case was defined as a febrile child aged 3 to 59
months with parasitological confirmation of malaria
according to national malaria treatment guidelines,
attending the outpatient department of any of the selected
three health facilities with high patient turnout. A control
was defined as a child from the same facility who tested
negative for malaria.
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Figure 1. Health facilities where the study was conducted in
Kotido District, Uganda, September 2024

Sample size

We calculated the sample size using the Fleiss et al.
formula in Open Epi software [17]. The calculation
assumed a two-sided 95% confidence level, 80% power,
and a 1:1 case to control ratio. Timing of SMC
administration was considered the primary exposure, with
an expected odds ratio of 0.49 and 20.1% of controls
exposed [10]. Exposure was classified as within 28 days or
≥28 days since SMC administration, reflecting the period
of highest protection against clinical malaria, which is
strongest during the first four weeks and gradually
thereafter [18]. The final sample included 544 participants.

Sampling procedures

During the 2024 SMC implementation, a total of 2,426
malaria cases were reported among children aged 3 to 59
months across the three high-volume health facilities:
Kotido General Hospital (n=947), Panyangara (n=1,052),
and Kanawat (n=427). Cases were selected proportionately
to the numbers reported in each facility: 106 from Kotido
General Hospital, 118 from Panyangara, and 48 from
Kanawat.

The sampling interval for each facility was calculated by
dividing the total number of reported cases by the required
sample size: 947/106 ≈ 9 for Kotido General Hospital,
1,052/118 ≈ 9 for Panyangara Health Centre, and 427/48 ≈
9 for Kanawat Health Centre. Within each health facility,
cases were systematically selected at every 9th interval
until the facility-specific sample size was reached. If a
selected case did not consent or left before the interview,
the next case in the register was included. Controls were
selected from children attending the same facility
immediately following the identification of a case.

Data collection and study variables

Exit interviews were carried out with caregivers at the
selected health facilities between September 1–22, 2024.
Using structured-interviewer-administered questionnaires
loaded in the Kobo collect toolbox, data on
sociodemographic of the children and their caregivers,
caregivers’ perceptions of malaria, duration of SMC
(intake of SMC within 28 days of the previous SMC cycle
or beyond), use of insecticide-treated nets, and underlying
medical conditions. Caregiver’s malaria risk perception
was a composite variable that was assessed by three
questions using a Likert scale. The questions asked
caregivers whether they believed malaria could lead to
serious outcomes such as death, if they thought people in
their community were at risk of getting malaria, and
whether they trusted government-recommended methods
(such as SMC) to protect their children from the disease.
Responses were then re-categorized as either having high
or low malaria risk perception

Data analysis

Data were analyzed using STATA 17 (StataCorp, Texas,
USA). Categorical variables were summarized as
frequencies and percentages. Continuous variables, such as
the age of the child, were presented as means with standard
deviation (SD). The protective effectiveness of SMC was
estimated as 1–aOR (adjusted odds ratio), expressed as a
percentage. Logistic regression was used to calculate both
crude and adjusted odds ratios (ORs) to identify factors
independently associated with malaria during the SMC
period. The association between the outcome variable and
predictor variables were evaluated using odds ratios (ORs)
with 95% confidence intervals. A p-value of less than 0.05
was used to determine statistical significance.

Ethical considerations

This study was carried out as a response to a public health
emergency and was classified as non-research.
Administrative clearance was given by the Ministry of
Health, Uganda, through the office of the Director General
of Health Services to conduct the study. Furthermore, the
Centre for Global Health at the US Centres for Disease
Control and Prevention (CDC) determined that the activity
did not constitute human subjects research and was
primarily intended for public health practice and disease
control. Written informed consent was obtained from all
legal caregivers of the participants, who were informed that
participation was voluntary and that declining would not
lead to any negative consequences. To ensure
confidentiality, unique identifiers were assigned, interviews
were conducted privately, and data were stored securely
under password protection by the study team. This activity
was reviewed by the CDC and conducted in accordance
with relevant federal laws and CDC policies (e.g., 45 C.F.R.
part 46; 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C.
§552a; 44 U.S.C. §3501 et seq.).

Page 2 of 8 doi: 10.37432/jieph-d-25-00303 JIEPH 2026

https://doi.org/10.37432/jieph-d-25-00303
https://afenet-journal.org


J Interv Epidemiol Public Health | Vol. 9 | Issue 1 | Article 04 (Research) Mutesi et al.

Table 1. Socio-demographic characteristics of study participants,
Kotido District, Uganda, September 2024

Characteristic Cases n=272 (%) Controls n=272 (%)

Age of child in months,
mean (SD)

19 ± 15 20 ± 16

Sex of the child
Male 131 (48) 110 (40)
Female 141 (52) 162 (60)

Primary caregivers’
education

No formal education 239 (87) 242 (88)
Primary 24 (9) 16 (6)
Secondary 6 (3) 7 (3)
Tertiary 3 (2) 7 (3)

Duration after SMC intake
≤28 days 68 (25) 234 (86)
>28 days 204 (75) 38 (14)

Underlying medical
condition

No 155 (57) 173 (64)
Yes 117 (43) 99 (36)

Malaria risk perception
High 208 (76) 262 (96)
Low 64 (24) 10 (4)

Used bed nets
Yes 191 (70) 188 (69)
No 81 (30) 84 (31)

SD: standard deviation; SMC: seasonal malaria chemoprevention

Results
We screened 620 children and excluded 76 who either
exited the facility before the interview or whose caregivers
declined participation. Our study enrolled 544 children
aged 3-59 months (Figure 2).

The average age of cases was slightly lower (19 ± 15
months) compared to that of controls (20 ± 16 months).
Most caregivers in both the case (241, 87%) and control
(242, 88%) groups had no formal education. More children
in the control group (234, 86%) had received SMC within
28 days compared to the case group (68, 25%). Underlying
medical conditions were more common among cases (117,
43%) than controls (99, 36%). Caregivers of controls had a
higher malaria risk perception (262, 96%) compared to
those of cases (208, 76%, Table 1). Among children with
documented underlying conditions (n=87), malnutrition
was the most frequently reported (85%), followed by HIV
(10%) (Figure 3).

Figure 2. Flow diagram of enrolment and reasons for exclusion
of participants, Kotido District, Uganda, September 2024

Determinants of malaria transmission in children
aged 3 to 59 months during seasonal malaria
chemoprevention, Kotido District, Uganda,
September 2024

At multivariable analysis (Table 2), we adjusted for the age
of the children, duration of SMC intake, underlying
medical condition, malaria risk perception, and bed net
usage. Children who were exposed to SMC beyond 28 days
from the previous cycle had 17 times higher odds of
developing malaria (aOR:17, 95% CI:11–26) compared to
those who received SMC within 28 days. Similarly,
children who had underlying medical conditions such as
malnutrition had higher odds of getting malaria (aOR = 1.6,
95%CI:1.02–2.5) compared to those who had no
underlying medical conditions. The odds of having malaria
were higher among children whose caregivers had a
low-risk perception of malaria (aOR:5.03, 95% CI:2.3–11)
compared to children of caregivers who had a high-risk
perception of malaria (Table 2).

Holding age of the children, underlying medical
conditions, malaria risk perceptions, and use of bed nets,
seasonal malaria chemoprevention provided a 94% (95%
CI: (91%–96%) effectiveness in preventing malaria in
children aged 3-59 months within 28 days of the previous
SMC dose (Table 3).

Figure 3. Type of underlying medical condition

Discussion
Our findings demonstrated that children who received
seasonal malaria chemoprevention (SMC) beyond the 28
days from the previous cycle, those with underlying
medical conditions, and those whose caregivers had a low
malaria risk perception had significantly higher odds of
malaria infection. In contrast, SMC administered within 28
days of the previous cycle provided high protection against
malaria, with an estimated effectiveness of 94%.

The observed protective effectiveness of SMC within the
first 28 days is consistent with findings from studies
conducted in Uganda and other parts of central and western
Africa, which demonstrate that SMC offers substantial
short-term protection when administered at recommended
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Table 2. Factors associated with malaria transmission among children aged 3–59 months during seasonal malaria chemoprevention,
Kotido District, Uganda, September 2024

Variable Cases n (%) Controls n (%) Unadjusted OR Adjusted OR

uOR (95% CI) p-value aOR (95% CI) p-value

Age of child (months), mean (SD) 19 ± 15 20 ± 16

Age categories (months)
≤11 140 (51) 138 (50) 1 – 1 –
12–23 108 (40) 113 (42) 0.94 (0.66–1.3) 0.843 0.95 (0.60–1.5) 0.843
24–59 24 (9) 21 (8) 1.1 (0.60–2.1) 0.806 1.9 (0.39–2.1) 0.806

Duration after SMC intake
≤28 days 68 (25) 234 (86) 1 – 1 –
>28 days 204 (75) 38 (14) 18 (12–29) <0.001 17 (11–26) <0.001

Underlying medical condition
No 155 (57) 173 (64) 1 – 1 –
Yes 117 (43) 99 (36) 1.3 (0.93–1.9) 0.12 1.6 (1.02–2.5) 0.042

Malaria risk perception
High 208 (76) 262 (96) 1 – 1 –
Low 64 (24) 10 (4) 8.1 (4.04–16) <0.001 5.03 (2.3–11) <0.001

Used bed nets
Yes 191 (70) 188 (69) 1 – 1 –
No 81 (30) 84 (31) 1.1 (0.73–1.5) 0.78 1.05 (0.65–1.7) 0.85

aOR: adjusted odds ratio; CI: confidence interval; uOR: unadjusted odds ratio; SMC: seasonal malaria chemoprevention

monthly intervals [19,20]. The significantly higher odds of
malaria among children whose last SMC dose exceeded 28
days align with established evidence that SMC efficacy
wanes as drug concentrations decline beyond the four
weeks [21,22]. These findings underscore the importance
of strict adherence to the recommended SMC dosing
schedule to sustain protection during periods of high
transmission. In settings where children miss or delay
SMC doses, complementary interventions such as
insecticide-treated net use, prompt case management, and
vector control remain essential.

Children with underlying medical conditions, particularly
malnutrition followed by HIV, were more likely to develop
malaria compared to those without such conditions. This
finding is consistent with previous studies showing that
compromised nutritional and immune status increases
susceptibility to malaria and other infectious diseases
[23-25]. Malnutrition may impair immune responses,
increase disease severity, and reduce the effectiveness of
preventive interventions, including SMC. Integrating
nutritional and HIV screening and support into SMC
delivery and routine child health services may enhance
malaria prevention efforts. Strengthening coordination
between malaria and nutrition programs could further
support early identification and management of vulnerable
children.

Caregiver perception of malaria risk also emerged as an

important factor. Children whose caregivers perceived
malaria as a low-risk condition had higher odds of malaria
infection compared to those whose caregivers reported a
high-risk perception. This finding supports existing
evidence that caregiver beliefs and risk perception
influence uptake and adherence to preventive health
behaviours [26,27]. Underestimation of malaria severity
may reduce compliance with SMC schedules and other
preventive measures, such as bed net use and timely
care-seeking [28,29]. Conversely, caregivers who perceive
malaria as a serious threat are more likely to engage in
protective behaviours [30,31]. Targeted health education
and risk communication strategies emphasising the
vulnerability of young children and the consequences of
missed SMC doses may improve caregiver engagement and
adherence.

Study limitations

Data collection took place during a period of political
unrest in the district, which limited community access and
necessitated a hospital-based case-control design.
Hospital-based controls may differ from community
controls, potentially affecting the generalizability of our
findings. Hospital-based controls may have underlying
health conditions that increase their likelihood of seeking
healthcare, which could lead to over- or underestimation of
the association between exposure and outcome [32].

Page 4 of 8 doi: 10.37432/jieph-d-25-00303 JIEPH 2026

https://doi.org/10.37432/jieph-d-25-00303
https://afenet-journal.org


J Interv Epidemiol Public Health | Vol. 9 | Issue 1 | Article 04 (Research) Mutesi et al.

Table 3. Protective effectiveness of seasonal malaria chemoprevention among children aged 3–59 months, Kotido District, Uganda,
September 2024

Variable Cases n (%) Controls n (%) Crude OR Adjusted OR

cOR (95% CI) p-value aOR (95% CI) p-value

Age of child (months), mean (SD) 19 ± 15 20 ± 16

Age categories (months)
≤11 140 (51) 138 (50) 1 – 1 –
12–23 108 (40) 113 (42) 0.94 (0.66–1.3) 0.843 0.95 (0.60–1.5) 0.843
24–59 24 (9) 21 (8) 1.1 (0.60–2.1) 0.806 1.9 (0.39–2.1) 0.806

Duration after SMC intake
>28 days 204 (75) 38 (14) 1 – 1 –
≤28 days 68 (25) 234 (86) 0.054 (0.035–0.084) <0.001 0.059 (0.038–0.093) <0.001

Underlying medical condition
No 155 (57) 173 (64) 1 – 1 –
Yes 117 (43) 99 (36) 1.3 (0.93–1.9) 0.12 1.6 (1.02–2.5) 0.042

Malaria risk perception
High 208 (76) 262 (96) 1 – 1 –
Low 64 (24) 10 (4) 8.1 (4.04–16) <0.001 5.03 (2.3–11) <0.001

Used bed nets
Yes 191 (70) 188 (69) 1 – 1 –
No 81 (30) 84 (31) 1.1 (0.73–1.5) 0.78 1.05 (0.65–1.7) 0.85

aOR: adjusted odds ratio; CI: confidence interval; cOR: crude odds ratio; SMC: seasonal malaria chemoprevention

Additionally, using caregiver-reported information may
introduce biases, including social desirability bias, which
may either overestimate or underestimate the reported
exposures. Lastly, our study did not assess environmental,
socio-economic, or healthcare access factors, which could
also influence malaria transmission patterns. Future studies
incorporating these contextual variables would provide a
more comprehensive understanding of malaria risk in
similar settings.

Conclusions

Timely administration of SMC within 28 days was highly
effective in protecting children against malaria in Kotido
District. Children who missed the recommended SMC
schedule, had underlying medical conditions, or whose
caregivers perceived malaria as a low risk had significantly
higher odds of malaria infection. Sustaining the protective
effectiveness of SMC requires strict adherence to the
28-day dosing cycle, alongside integration of nutritional
and HIV services and strengthened caregiver risk
communication to improve compliance with malaria
prevention interventions.

What is already known about this topic

• Malaria remains a major cause of morbidity and
mortality among children under five in Uganda.

• Seasonal malaria chemoprevention (SMC) reduces
malaria risk in children aged 3–59 months in areas
with seasonal transmission.

• Protection from SMC is highest within the first 28 days
after administration and declines thereafter.

What This Study Adds

• Children who received SMC more than 28 days after
the previous cycle had significantly higher odds of
malaria.

• Underlying medical conditions, particularly
malnutrition, increased the risk of malaria during
SMC implementation.

• Low caregiver perception of malaria risk was
independently associated with malaria infection.

• SMC administered within 28 days remained highly
effective (94

• The findings highlight the need to integrate
behavioural risk communication and child health
services, including nutrition and HIV care, into SMC
delivery to sustain its protective impact.
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