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Summary
Background School-age children in sub-Saharan Africa suffer an underappreciated burden of malaria which threatens
their health and education. To address this problem, we compared the efficacy of two school-based chemoprevention
approaches: giving all students intermittent preventive treatment (IPT) or screening and treating only students with
detected infections (IST).

Methods In a three-arm, open-label, randomized, controlled trial (NCT05244954) in Malawi, 746 primary school
students, aged 5–19 years, were individually randomized within each grade-level to IPT (n = 249), IST with a
high-sensitivity rapid diagnostic test (hs-RDT, n = 248), or control (n = 249). At six-week intervals three times
within the peak malaria transmission season (February–June 2022) treatment with dihydroartemisinin-piperaquine
(DP) was administered to girls <10 years and all boys, and chloroquine to older girls. The primary outcome was
Plasmodium falciparum (Pf) infection detected by PCR 6–8 weeks after the final intervention. Secondary outcomes
included anaemia, clinical malaria, and scores on tests of attention, literacy, and math. Analysis was by modified
intention-to-treat.

Findings Outcomes analyses included 727 (97%) participants. At the end of the study, prevalence of Pf infection was
17% (41/243) in the IPT arm, 24% (58/244) in the IST arm, and 53% (127/240) in the control arm. Compared to
controls, IPT and IST reduced the odds of Pf infection (IPT adjusted odds ratio [aOR]: 0.18 (95% CI: 0.11, 0.27);
p < 0.0001; IST aOR: 0.27 (95% CI: 0.18, 0.40); p < 0.0001). However, only participants receiving IPT had a lower
incidence of clinical malaria (0.19 cases per person per six months (95% CI: 0.14, 0.27) vs 0.56 (95% CI: 0.46, 0.68);
incidence rate ratio: 0.38 (95% CI: 0.26, 0.55); p < 0.0001)) and prevalence of anaemia (8% [20/243] vs 15% [36/240];
aOR: 0.49 (95% CI: 0.27, 0.91); p = 0.023) compared to controls. Literacy scores were higher in both intervention
arms. No between group differences in tests of attention or math or number of serious adverse events were found.

Interpretation Results support implementation of IST with hs-RDTs or IPT for reduction in the prevalence of
infection. Based on reductions in clinical malaria, IPT may provide additional benefits warranting further
consideration by school-based malaria chemoprevention programs.
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Research in context

Evidence before this study
In 2020, Cohee et al. published a systematic review and meta-
analyses of 13 school-based malaria preventive treatment
trials conducted in seven malaria-endemic sub-Saharan
African countries. Studies from 1990 to 2018 were included
in analyses and demonstrated that preventive treatment
decreased Plasmodium falciparum (Pf) infection, anaemia, and
subsequent clinical malaria. The only study that evaluated a
screening and treatment approach, in which only children
who test positive for infection are treated, did not decrease Pf
infection or anaemia. However, screening and treatment is
appealing compared to treating all students regardless of
infection status as screening and treatment decreases the use
of anti-malarial drugs limiting cost and selective pressure on
drug resistant parasites. We searched PubMed for publications
from the final date of the prior meta-analysis (December 18,
2018) to February 22, 2024, without language restrictions,
using the search terms “malaria” AND “school-age” AND
“screening” AND “trial” and returned no subsequent
randomised trials of the screening and treatment approach.

Added value of this study
Our study is the only randomised trial of school-based malaria
chemoprevention to compare the efficacy of both
intermittent screening and treatment (IST) and treating all
students (intermittent preventive treatment—IPT) to control.
By using new higher sensitivity malaria rapid diagnostics as
the screening test and a longer acting anti-malarial drug for
treatment, the current study also addresses hypothesised

reasons for the lack of efficacy in the prior screening and
treatment trial. Our findings demonstrate that while both IST
and IPT substantially reduced Pf infection compared to
control, only IPT reduced clinical malaria and anaemia,
suggesting that IPT should be the preferred approach for
malaria chemoprevention targeting school-age children.
Furthermore, students receiving IPT or IST had higher literacy
scores compared to their peers in the control arm.

Implications of all the available evidence
In malaria endemic areas across Sub-Saharan Africa, school-
age children have a high prevalence of Pf infection resulting in
episodes of clinical malaria and malaria-related anaemia which
contribute to poor health and potentially undermine learning.
As of 2023, the World Health Organization’s guidelines for
malaria recommend the use of intermittent preventive
treatment of school-age children (IPTsc) in malaria-endemic
settings with moderate to high perennial or seasonal
transmission to reduce the disease burden. However,
reservations about this approach, including its possible
contribution anti-malarial drug resistance, have limited
uptake. In contrast to the prior trial, our results suggest IST
with more sensitive screening tests, longer acting drugs, and
in a higher transmission setting can reduce Pf infection.
However, the added benefits of IPT (decreased clinical malaria
and anaemia) lends additional support for this approach. We
provide further evidence for the benefits of reducing malaria
in improving not only the health of school-age children but
also their learning.
Introduction
Malaria remains a critical global health problem with an
estimated 3.3 billion people—half of the world’s popu-
lation—living in areas at risk of malaria transmission.1

Sub-Saharan Africa accounts for 94% of all cases and
deaths associated with malaria. In Malawi, the burden of
malaria is high in terms of morbidity, mortality, and
socio-economic impacts. Despite the scale-up of malaria
interventions including clinical case management and
vector control, in many highly endemic countries,
progress in malaria control has stalled. Thus, additional
interventions are needed to further control the burden
of malaria and to move toward the ultimate goal of
malaria eradication.

School-age children suffer an underappreciated
burden of malaria. Across a range of malaria trans-
mission settings, prevalence of Plasmodium falciparum
(Pf) infection peaks in school-age children.2–8 While
school-age children are less likely than younger children
to experience malaria related mortality and severe ma-
laria disease, malaria is the leading cause of death in 5–
14-year-olds in sub-Saharan Africa.9 Furthermore, in-
fections in this age group frequently result in both un-
complicated clinical malaria disease and chronic Pf
infections resulting in school absences.10 Chronic in-
fections are associated with anaemia, malaise, and
impaired cognitive function, and often do not prompt
treatment seeking and may contribute to decreased
attention and learning.10–12 Of great importance to ma-
laria control, sub-clinical infections in this age group are
a major source of Pf transmission.13,14

School-based preventive treatment, which provides
both clearance of current infections and prophylaxis for
a period of time determined by the duration of action of
the treatment drugs, is an efficacious way to decrease
the burden of infection in schoolchildren.15 An alterna-
tive to preventive treatment is to target schoolchildren
with sub-clinical infections using an intermittent
www.thelancet.com Vol 76 October, 2024
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screening and treatment (IST) approach, where only
students with a positive screening test are treated. IST is
an appealing approach because: 1) only students with
documented infections are treated and 2) it decreases
the use of anti-malarial drugs limiting cost and selective
pressure on drug resistant parasites. Observational
studies suggest that school-based screening and treat-
ment may be an effective approach to decrease Pf
infection and anaemia in students as well as reduce
community transmission.13,14 However, to date, only one
school-based trial has evaluated the IST approach.16 This
study, a cluster randomized trial in an area of relatively
low Pf prevalence, used conventional malaria rapid
diagnostic tests (RDTs), which detect most infections
with at least 200 parasites/μl, to identify infected stu-
dents once per school term and showed no benefit on Pf
infection, anaemia, or tests of sustained attention.16 One
explanation for these results is that conventional RDTs
fail to detect low density Pf infections that represent a
higher proportion of infections in low prevalence set-
tings and that these low density infections are associated
with adverse outcomes.17,18

To our knowledge, no prior studies have directly
compared school-based IST and intermittent preventive
treatment (IPT) or evaluated the use of new higher
sensitivity RDTs (hs-RDT) for IST in schoolchildren. hs-
RDTs are ten-fold more sensitive than conventional
RDTs facilitating detection of lower density in-
fections.19,20 Thus, we aimed to compare the impact of
IPT and an optimized IST approach using high sensi-
tivity RDTs with a long-acting treatment drug to control
in a moderate-high transmission season. We hypothe-
sized that because IPT provides clearance and prophy-
laxis to all students, it would still offer additional
benefits compared to an optimized IST approach.
Comparisons will inform future policy on school-based
preventive treatment which may be a critical approach
to both improve the health and education of school-
children and contribute to malaria elimination.
Methods
Study design and setting
This three-arm, individually randomized, open label,
clinical trial (ClinicalTrials.gov ID: NCT05244954) was
conducted in Nainunje Primary School in Machinga
district, Malawi and was approved by the research ethics
committees of Kamuzu University of Health Sciences
(P.06/21/3410) and the University of Maryland School
of Medicine (HCR-HP-00098250-2). The trial took place
between February and August 2022 and randomized
participants to IPT in which all participants were
treated, IST in which only participants with infections
detected by high-sensitivity point-of-care screening tests
were treated, or control in which participants received
standard of care meaning no intervention (details are
provided in the Procedures section below). Despite scale
www.thelancet.com Vol 76 October, 2024
up of control interventions, malaria transmission in the
area is intense with a seasonal peak between January
and May.21 Government supported malaria control in-
terventions in the study area include access to diagnosis
and treatment with lumefantrine artemether as the first-
line antimalarial and vector control with piperonyl-
butoxide long lasting insecticide treated nets (LLINs)
distributed via national campaigns (2018) and routine
health centre contacts. Annual incidence of clinical
malaria in children less than five years old in the local
health centre the year prior to the trial was 1590 cases/
1000 people (DHIS2, unpublished). The study site was
selected based on significant burden of malaria in the
community, total school enrolment sufficient to meet
sample size, accessibility, proximity of the local health
centre, and willingness of community and school
stakeholders to support the study. Sensitization meet-
ings were held with community leaders, teachers, health
workers and parents or legal guardians to explain the
purpose of the trial.

Participants
Using school registers from all grade levels,1–8 students
were sampled and offered enrolment proportional to the
number students in each grade-level (Table S1). Written
informed consent was obtained from legal guardians.
Assent was sought from participants ten years and
older. Students were excluded if they had: current evi-
dence of severe malaria or danger signs, known adverse
reaction to the study drugs, history of cardiac problems
or fainting, were taking medications known to prolong
QT, family history of prolonged QT or unexplained
sudden death, or, for girls ten years and older (i.e. those
receiving chloroquine), epilepsy or psoriasis.

Randomization and masking
Following enrolment of the target number of partici-
pants in each standard (grade-level), participants were
randomized with stratification by grade-level to inter-
mittent preventive treatment (IPT), intermittent
screening and treatment (IST) and control arms (1:1:1)
using a computer-based random number generator. The
trial was open label, however laboratory technicians
conducting parasite detection (primary outcome) and
clinicians conducting passive case detection were blin-
ded to the study arm allocation.

Procedures
Interventions began approximately four weeks after
enrolment and were conducted three times at 5–6 week
intervals during the peak malaria transmission season.
At each intervention all participants in the IPT arm
received a three-day course of study drugs,
dihydroartemisinin-piperaquine (DP, DuoCotecxin,
Holley-Cotec Pharmaceuticals, Beijing, China) or chlo-
roquine (CQ, Lariago, IPCA Laboratories, India).
Participants in the IST arm were screened with a high-
3
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sensitivity rapid diagnostic test (hs-RDT, NxTek™
ELIMINATE MALARIA Pf, Abbot Diagnostics Korea,
Inc.) and treated with study drugs if they tested positive.
In the intervention arms, girls less than ten years old
and all boys received DP. Because of the risks of arte-
misinin in the first trimester and the sensitivity around
adolescent pregnancy, girls who were likely to have
started menses (≥10 years old) were treated with CQ.
Both DP and CQ were dosed based on weight (Table S2)
once daily for three days. Study drugs were adminis-
tered at school by study nurses with all doses adminis-
tered under direct observation. Since the study period
coincided with Ramadan, participants observing the fast
were either treated at school with parental permission or
in the community after sunset. Adverse events were
monitored by the study team during treatment and by
passive surveillance at the school and local health centre
for the duration of the study. An internal safety moni-
toring committee reviewed adverse events and moni-
tored trial progress.

The control arm did not receive study specific
intervention. As part of the school curriculum, all stu-
dents, regardless of study participation, received stan-
dardized malaria education delivered by their classroom
teachers. The grade-level specific curriculum includes
basics of transmission, preventive measures, and the
importance of seeking medical attention upon experi-
encing symptoms and adhering to prescribed antima-
larial medication regimens.

Intervention visits included an interview and finger
prick blood sample collection. Final participant assess-
ments took place 6–8 weeks after the last intervention.
During enrolment, a standardized questionnaire based
on the Malaria Indicator Survey was administered to the
household head or primary caregiver to collect data on
insecticide treated net ownership and use, highest ed-
ucation level completed by the household head
household-level socio-economic status including, asset
and livestock ownership, the type of fuel mainly used for
cooking, and if the household experienced food inse-
curity.22 Using these variables, socio-economic status is
reported as an inverse frequency weighted wealth index
divided into tertiles.23 At each intervention visit and the
final assessment, the participant interview assessed self-
reported bed net use, well-being, fever in the last 48 h,
and interval use of anti-malarial treatment. A finger
prick blood sample was obtained at each visit. Two 50 μl
samples were placed onto Whatmann 3 MM filter paper.
At the first intervention and final outcome visits, hae-
moglobin was also measured (HemoCue 301). In the
IST arm at each intervention visit, hs-RDT was per-
formed per manufacture instructions. At the first
intervention visit for the IST arm a conventional RDT
(SDBioline™ Malaria Ag Pf, Abbot Diagnostics) was
also performed per manufacture instructions.

The primary outcome was Pf infection at the final
participant assessment. Briefly, for detection of
infection, DNA was extracted from filter papers using
methanol24 and Pf 18S ribosomal RNA gene was detec-
ted and quantified by qPCR.25 Secondary outcomes
included anaemia, haemoglobin, incidence of clinical
malaria, cognitive function (sustained attention, selec-
tive attention) and foundational educational skills (basic
literacy and math). Anaemia was defined using WHO
age and sex specific cut-offs: for children <12 years old,
haemoglobin <11.5 g/dl; for all children 12–14 and fe-
males 15 and older, haemoglobin <12.0 g/dl; and for
males 15 and older, haemoglobin <13.0 g/dl.26 Cases of
clinical malaria were defined as seeking clinical care,
having a positive malaria RDT, prescribed antimalarial
treatment by a healthcare worker, and occurring more
than 28-days after a prior clinical diagnosis. Cases that
occurred between the first intervention visit and
outcome visit (February–August 2022) were captured by
passive case detection at the local health centre and re-
view of the participants’ health passport (portable med-
ical record) during the final assessment visit to ensure
all clinical malaria diagnoses were documented.

Cognitive function was assessed using measures of
sustained and selective attention. For sustained atten-
tion, the code transmission test, adapted from TEA-Ch
battery and used in prior school-based malaria studies,
was conducted by administering the single-digit
assessment to participants in grades 3–4 and the
double-digit for participants in grades 5–8.15,27 Selective
attention was measured using a tablet-based self-
assessment in all grade-levels, which was previously
shown to be reliable and valid in Malawian students.28

Briefly, participants were required to touch coloured
circles on the screen as quickly as possible in the pres-
ence or absence of distractors. Foundational skills in
literacy and math were assessed using onetest—an
adaptive, self-administered tablet-based assessment.29

Participants were oriented to the use of tablets by the
study team and talked through a trial of the selective
attention test as an orientation. Assessments were
administered in groups of 15–20 participants on
Android tablets with headphones and proctored by
trained assessment teams. Standardization and quality
control of the cognitive and educational tests were
measured through inter-assessor and test-retest in >10%
of all assessments. Measures showed moderate to high
degree of reliability between assessors and after 30-day
retest with intraclass correlation coefficients ranging
from 0.66 to 0.95 (mean = 0.82, 95% CI: 0.62–0.90 (F
(67,67) = 10.38 p < 0.001)), where estimates and 95%
confidence intervals are calculated using mean-rating,
absolute-agreement, 2-way mixed-effects model.

Statistical analysis
The study sample size (250 participants per study arm,
total 750 participants) was based on having 80% power
to detect a 40% relative reduction in prevalence (primary
outcome) comparing each intervention arm to the
www.thelancet.com Vol 76 October, 2024
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control arm, using one-sided tests with an alpha = 0.025.
We assumed an estimated prevalence of Pf infection by
PCR of 30% in the control arm and allowed for 80%
follow-up rate.

Data were analysed by modified intention to treat
(mITT) where all randomized individuals for whom
outcome measures were available were included in the
analysis; only participants who did not attend the
outcome visit were not included in the analysis because
outcomes data were not available. Baseline characteris-
tics of participants in each arm were calculated using
descriptive statistics. For each outcome, formal analyses
consisted of pairwise comparisons between each inter-
vention arm and the control arm and between inter-
vention arms.

For the primary outcome, presence of Pf infection,
groups were compared by logistic regression, control-
ling for grade-level. Mean of log-transformed total
parasite densities were compared at the final visit,
including only those with infections (non-zero den-
sities). Formal inference was based on a general linear
model with intervention group and grade-level included
as categorical predictors. Pair-wise comparisons of the
intervention groups was made using Fisher’s least sig-
nificant difference approach. Haemoglobin levels were
compared using an ANCOVA model with outcome
variable as the haemoglobin level at the final assess-
ment, intervention group as a categorical predictor, and
baseline haemoglobin level and grade-level included as
covariates. Other variables that were related to haemo-
globin levels (e.g. age and sex) were included in the
model to reduce the residual variation and thereby in-
crease the power. Prevalence of anaemia was compared
by logistic regression, including intervention group,
anaemia at baseline and grade-level as categorical vari-
ables. Incidence of clinical malaria was compared by
Poisson regression using a log-link and offset equal to
the log of the number of days a person was followed,
controlling for grade-level. Code transmission, selective
attention, literacy, and math outcomes are all contin-
uous variables with minimum and maximum values
based on the number of possible points on the specific
assessment and were compared using general linear
models with intervention group included as a categori-
cal predictor and grade-level also included in the model.
Pair-wise comparisons of the intervention groups were
made using Fisher’s least significant difference
approach.

Role of the funding source
The funder had no role in the design, data collection, or
analysis of the study
Results
Among the 1812 students enrolled in the school, seven
hundred and seventy-six students (43%) were assessed
www.thelancet.com Vol 76 October, 2024
for eligibility. Among the 746 participants enrolled and
randomized from 1st to 22nd February 2022, 727 par-
ticipants (97%) were evaluated at the outcome assess-
ment for the primary outcome and were, thus, included
in the mITT analysis (Fig. 1, additional details in
Figure S1). The 19 participants who did not attend the
outcome visit were not different from participants
included in the mITT analysis with regard to household-
level factors and socioeconomic status (Table S3).
Participation in the intervention visits was high with
92% (2055 visits attended/2238 possible visits) partici-
pation across study arms. Eighty-two percent (608/746)
of participants attended all intervention visits. Treat-
ment compliance was also high: in the IPT arm, among
the participants who attended the intervention visits,
98% (691/703) received at least the first dose of treat-
ment, with 86% (594/691) of them successfully
completing all three doses (Table S4). In the IST arm,
among the participants who tested positive by hs-RDT,
96% (279/292) received at least the first dose of treat-
ment during all intervention visits and, 82% (229/279)
of these participants successfully completed all three
doses. Two percent of participants in the IPT arm
(n = 12) and four percent of participants in the IST arm
(n = 13) who attended the visit but did not receive
treatment were already taking antimalarial treatment for
clinical malaria. At baseline, prevalence of Pf infection
by PCR for all participants was 52% and participant
baseline characteristics were similar across the study
arms (Table 1). At the first intervention visit, 49% (114/
233) of participants in the IST arm had Pf infection
detected by hs-RDT, while conventional RDTs detected
Pf infection in only 39% (92/233).

At the outcome visit, prevalence of Pf infection was
53% (127/240), 17% (41/243), 24% (58/244), and in the
control, IPT, and IST arms, respectively (Table 2).
Compared to control, IPT and IST both significantly
reduced the odds of Pf infection (aOR: 0.18 (95% CI:
0.11, 0.27), p-value <0.0001; OR: 0.27 (95% CI: 0.18,
0.40), p-value <0.0001, respectively).

Over the study period, there were 244 episodes of
uncomplicated clinical malaria recorded in all arms with
no cases of severe malaria or mortality. The control arm
had a clinical malaria incidence rate of 0.51 per six
months (95% CI: 0.42, 0.62), compared to 0.19 (95% CI:
0.14, 0.27) in the IPT arm, resulting in 62% protective
efficacy (incidence rate ratio [IRR]: 0.38, 95% CI: 0.26,
0.55, p-value <0.0001, Table 2). The number needed to
treat with IPT to avert one case of clinical malaria was
3.9 participants (95% CI: 3.0, 5.6). In the IST arm, the
incidence rate of clinical malaria was 0.56 (95% CI: 0.46,
0.68), which was similar to the control arm (IRR: 1.09,
95% CI: 0.83, 1.44, p-value = 0.52). The quantity of
commodities (drugs and mRDTs) used in each arm and
their costs are included in Table S5.

Participants in the IPT and IST arms had increased
haemoglobin levels at the outcome visit compared to the
5
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Fig. 1: Trial profile. IPT Intermittent Preventive Treatment; IST Intermittent Screening and Treatment; hs-RDT high-sensitivity malaria rapid
diagnostic test; mITT modified Intention to treat. Reasons for not attending intervention visits included absent from school due to travel
(n = 2), absent from school for unspecified reasons (n = 164), and declined participation in that visit (n = 1), withdrew consent (n = 14) and no
longer attending the study school (n = 11): dropped out, relocated, and transferred (later became withdraws once confirmed). *124 sampled
students did not attend the enrolment visit. **26 individuals were excluded based on prespecified criteria: 15 reported heart problems or
fainting; 4 reported family history or prolonged QT of sudden unexplained death in a young person; 3 reported both heart problems or fainting
and family history or prolonged QT of sudden unexplained death in a young person; 2 girls with epilepsy who also reported heart problems or
fainting; 1 reported an antimalaria drug allergy and both heart problems or fainting; and 1 was no longer enrolled at the study school.

Articles

6

control arm (Table 2); after adjustment for pre-
intervention haemoglobin, the mean haemoglobin
difference was +0.25 g/dl (95% CI: 0.01, 0.48; p = 0.041)
for the IPT arm and +0.28 g/dl (95% CI: 0.04, 0.51;
p = 0.021) for the IST arm each compared to control.
However, only IPT was associated with decreased odds
of anaemia with adjusted odds ratio 0.49 (95% CI: 0.27,
0.91; p = 0.023) compared to the control group.

While the trial was not powered for comparisons
between the interventions arms, IPT was superior to
IST with regard to reducing clinical malaria (Incidence
rate ratio: 0.35; 95% CI: 0.24–0.50; p < 0.001). There was
some, though not strong, evidence of difference be-
tween the groups with regard to Pf prevalence and
anaemia (aOR 0.66; 95% CI: 0.42–1.02; p = 0.065 and
aOR 0.58; 95% CI: 0.31–1.07; p = 0.079, respectively).
There were no differences between the IPT and IST
arms with regard to mean difference in haemoglobin or
parasite density among participants with Pf infection.

More than 72% of participants (541–546 out of 746)
were included in selective attention, literacy, and nu-
merical tests as part of the cognitive and educational
outcomes assessments. Because participants in grade
levels 1 and 2 were not included, only 60% (450/746)
participated in code transmission test assessments.
There were no differences in the rates of participation
by study arm (Table S6). There was no statistical dif-
ference between IPT or IST arms compared to the
www.thelancet.com Vol 76 October, 2024
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Characteristics assessed at enrolment Control
(n = 249)

IPT
(n = 249)

IST
(n = 248)

Total
(n = 746)

Age, y, mean (SD) 11.3 (3.2) 11.4 (3.1) 11.3 (3.2) 11.3 (3.2)

Female, n (%) 134 (54) 136 (55) 145 (58) 415 (56)

Female (≥10 years old), n (%) 77 (58) 94 (69) 93 (64) 264 (64)

Household owns at least one LLIN,
n (%)a

135 (54) 127 (51) 125 (50) 387 (52)

Household head education, n (%)b

No school 23 (9) 27 (11) 21 (8) 71 (10)

Primary school only 173 (69) 163 (65) 165 (67) 501 (67)

Beyond primary schoolc 44 (18) 49 (20) 51 (21) 144 (19)

Missing or don’t know 9 (4) 10 (4) 11 (4) 30 (4)

Socioeconomic group, tertials, n (%)

Low 78 (31) 90 (36) 76 (31) 244 (33)

Medium 83 (33) 80 (33) 86 (35) 232 (34)

High 88 (36) 77 (31) 82 (33) 247 (33)

Assessed at the first intervention visit (n = 227) (n = 233) (n = 234) (n = 694)

Reported fever in the last 2 days, n (%)b 69 (30) 62 (27) 76 (33) 207 (30)

Reported level of wellness, n (%)b

Very well 171 (75) 160 (69) 167 (71) 498 (72)

Pretty well 14 (6) 24 (10) 23 (10) 61 (9)

A little unwell 27 (12) 36 (16) 32 (14) 95 (14)

Sick 15 (7) 12 (5) 11 (5) 38 (5)

Reported sleeping under a bed net last 102 (45) 106 (46) 118 (51) 326 (47)

Articles
control arm in sustained attention measured as the
difference in mean scores on the code transmission test
or in selective attention (Table 3). However, participants
in the IST and IPT arms scored higher in the literacy
assessment than the control arm with a mean increase
of 3.67 points (95% CI: 0.02, 7.32; p-value 0.049) and
3.30 points (95% CI: −0.34, 6.94; p-value 0.076),
respectively. When combined and compared to control,
the intervention arms had an increase of 3.48 points
(95% CI: 0.32, 6.65; p-value 0.031) on the literacy test
(Table S7). Although not statistically different, the mean
scores for numeracy assessment were also higher in
both intervention arms compared to control. There were
no differences in cognitive or educational outcomes
comparing between intervention arms (IPT vs IST).

There were no serious adverse events (AEs) reported
during the study. In total, there were 96 Grade 1–2 AEs
(mild to moderate) reported in 4.7% of participants (35/
746) (Table 4). No AEs were reported in the control arm.
AEs were more common in the IPT arm compared to
the IST arm and among participants who received CQ
compared to DP. The most common adverse events
included dizziness, headache, nausea, and abdominal
pain.
night, n (%)b

Haemoglobin, g/dL, mean (SD) 12.6 (1.23) 12.7 (1.33) 12.6 (1.27) 12.7 (1.28)

Anaemic, n (%) 49 (22) 50 (22) 50 (21) 149 (22)

Pf infection by PCR, n (%))b,d 127 (56) 120 (53) 107 (46) 354 (52)

Mean log-parasite density, (SD) (for those
PCR positive)

2.88 (1.97) 2.37 (1.91) 2.70 (2.09) 2.65 (1.99)

Baseline characteristics of participants in a randomized clinical trial comparing IPT and IST to control (standard
of care) in a primary school in rural Malawi. IPT, Intermittent Preventive Treatment; IST, Intermittent Screening
and Treatment; Pf, Plasmodium falciparum; SD, Standard Deviation; LLIN, Long Lasting Insecticide Treated Net;
PCR, Polymerase Chain Reaction. a746 enrolled students originated from 698 households. This occurred because
some of the students were siblings or otherwise related, leading to the sharing of households. However, despite
residing together, each student’s household-level data was recorded individually and distinctly hence 746
households reported. bMissing values: Household head education level (n = 30), Reported wellness (n = 54,
younger children who did not understand the question), Reported sleeping under a bed net last nice (n = 2), PCR
results (n = 7). cPrimary school ends after grade 8. dAnaemia was defined using WHO recommended age and
gender specific thresholds.

Table 1: Participant characteristics assessed at either enrolment or the first intervention visit by
study arm.
Discussion
In this trial, IPT administered to schoolchildren at 6-
week intervals three times during the peak trans-
mission season protected children from Pf infections,
clinical malaria, and anaemia compared to control. IST
reduced Pf infections and increased haemoglobin but
did not decrease anaemia or the incidence of clinical
malaria compared to control. These findings are
consistent with prior meta-analyses of the health impact
of school-based preventive treatment across sub-
Saharan Africa.29 This study, the first clinical trial in
schoolchildren to compare IPT and IST as two ap-
proaches to malaria chemoprevention, shows that in our
setting IPT has additional benefits compared to IST. The
limited efficacy of IST on clinical malaria and anaemia
is consistent with the only prior school-based trial of IST
and with studies comparing IPT and IST in pregnant
women.16,30 Further, the IST arm in our trial addressed
limitations in the prior school-based trial of IST by uti-
lizing a higher sensitivity diagnostic, taking place in an
area of high transmission, and using longer-acting
treatment drugs, but still demonstrated additional ben-
efits of IPT suggesting the importance of clearing all
infections and providing a period of prophylaxis against
new infections for all students.

As anticipated for a short term intervention, we
observed modest impacts of the interventions on our
secondary cognitive and educational outcomes. The
code transmission test measuring sustained attention is
the only cognitive assessment previously used in mul-
tiple studies.15,31 We included it to facilitate comparisons
www.thelancet.com Vol 76 October, 2024
to prior studies, but did not detect a difference in sus-
tained attention in either intervention arm compared to
control. Because the paper-based code transmission test
requires writing numbers, participants in the lowest
grade-levels were unable to complete the assessment.
Therefore fewer participants were able to participate and
we were unable to measure sustained attention in the
youngest and potentially most vulnerable age group. In
contrast, tablet-based self-assessments of selective
attention and foundational skills in literacy and math
were successfully administered to all age groups with
minimal training even in this population who had
limited to no prior exposure to tablets and smart
phones. While we did not detect a difference in selective
7
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Outcome Control n = 240 IPT n = 243 IST n = 244 IPT vs. IST

Number
positive

Proportion Number
positive

Proportion aOR compared to
control [95% CI]

p-value Number
positive

Proportion aOR compared to
control [95% CI]

p-value aOR
[95% CI]

p-value

Pf infection PCRa,b,c 127 0.53 41 0.17 0.18 [0.11, 0.27] <0.0001 58 0.24 0.27 [0.18, 0.40] <0.0001 0.66
[0.42,
1.02]

0.065

Anaemiaa,d 36 0.15 20 0.08 0.49 [0.27, 0.91] 0.023 32 0.13 0.85 [0.50, 1.47] 0.57 0.58
[0.31,
1.07]

0.079

Mean SD Mean SD Mean difference
compared to
control [95% CI]

p-value Mean SD Mean difference
compared to
control [95% CI]

p-value Mean
Difference

p-value

Log parasite density
for those PCR
positivea,e

2.68 2.09 2.24 2.37 −0.45 [−1.21, 0.31] 0.24 2.27 2.29 −0.4 [−1.11, 0.23] 0.20 −0.01
[−0.85,
0.87]

0.98

Haemoglobin (g/
dL)a,f

13.08 1.46 13.35 1.38 0.25 [0.01, 0.48] 0.041 13.34 1.45 0.28 [0.04, 0.51] 0.021 −0.03
[−0.26,
0.20]

0.80

Cases Incidence
rate
[95% CI]

Cases Incidence
rate
[95% CI]

IRR compared to
control [95% CI]

p-value Cases Incidence
rate
[95% CI]

IRR compared to
control [95% CI]

p-value IRR [95%
CI]

p-value

Clinical malariag,h 99 0.51 [0.42,
0.62]

38 0.19
[0.14,
0.27]

0.38 [0.26, 0.55] <0.0001 107 0.56
[0.46,
0.68]

1.09 [0.83, 1.44] 0.52 0.35
[0.24,
0.50]

<0.0001

Health outcomes measured either at the outcome visit or throughout the implementation of three rounds of school-based IPT or IST among primary school students in rural Malawi. IPT, Intermittent
Preventive Treatment; IST, Intermittent Screening and Treatment; Pf, Plasmodium falciparum; SD, Standard Deviation; aOR, adjusted odds ration; IRR, Incidence rate ratio; CI, Confidence intervals; PCR,
Polymerase Chain Reaction. aMeasured 6–8 weeks after the final intervention. bPCR results were missing for two students in each of the control and IPT arms. cLogistic regression model comparing groups
with respect the presence of Pf infections, adjusting for students’ grade-level. dLogistic regression model comparing groups with respect to proportion anaemic at the outcome visit, adjusting for anaemia
at the first intervention visit and student’s grade level. eLinear regression model for mean of log Pf densities at the outcome visit, adjusting for students’ grade-level. fMultivariable ANCOVA model
comparing mean haemoglobin levels at the outcome visit, adjusting for haemoglobin level at intervention visit-1, age, and sex. gMeasured from each individual’s first intervention visit until their outcome
visit. Total follow-up time was 285.6 person-years (control 96.1, IPT 94.2, IST 95.3 person-years). hPoisson Regression model comparing episodes of clinical malaria cases from first intervention visit until
final outcome visit. Results are report as rate per 6 months.

Table 2: Effect of three rounds of school-based intermittent preventive treatment (IPT) and intermittent screening and treatment (IST) on health outcomes.
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attention or math, the improvement in literacy is
encouraging. Our results may not reflect a true absence
of effect on cognition or math for several reasons.
Attention is a single domain of cognitive function. We
chose to measure attention based on prior studies, but
broader assessments of cognitive function may be
needed to detect differences. Our study measured out-
comes after only one year of intervention; more time
may be required to accumulate measurable impact on
cognition and math. Our observed improvement in lit-
eracy could reflect skill acquisition in reading is more
immediate or that our literacy assessment was more
sensitive to change than other metrics. Future trials of
longer duration, using broader assessments of cognitive
function, and with cognitive and educational endpoints
as primary outcomes are needed to better quantify the
impact of malaria chemoprevention on learning. Our
experience suggests that self-administered, tablet-based
assessments could be used in larger-scale evaluations of
the impact of health interventions on cognitive and
educational outcomes in this age group. The health of
the learner is increasingly recognized as critical for
educational attainment.32,33 Indeed, for the first time,
health interventions are included among the World
Bank’s Cost-effective approaches to improve global
learning.34 Thus we advocate for prioritizing school-age
children in malaria chemoprevention programs and
for including education outcomes in assessments of the
full economic evaluations of health interventions in this
age group.

Overall, school-based chemoprevention was safe,
well-tolerated as there were no serious AEs, and, based
on community and school feedback meetings, well
received by community and school stakeholders. The
more frequent AEs reported by participants receiving
CQ is challenging to interpret given that CQ was only
administered to adolescent girls to avoid the risk of
administering artemisinin-based treatment in an unde-
tected pregnancy. Due to the sensitivity of adolescent
pregnancy in the study community and unreliability of
self-report of early pregnancy, we decided to administer
CQ to all girls ten years old and older who were likely to
have been begun menses. While sensitivity around
pregnancy and menses as well as risks associated with
chemoprevention should be locally determined, adoles-
cent girls are a critical population to protect with che-
moprevention as adolescent pregnancies are at highest
risk of adverse consequences of malaria in pregnancy35
www.thelancet.com Vol 76 October, 2024
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Outcome Control IPT IST IPT vs IST

N Mean (SD) N Mean (SD) Mean difference
compared to
control [95% CI]

p-
value

N Mean (SD) Mean difference
compared to
control [95% CI]

p-value Mean difference
[95% CI]

p-value

Single-digit Code Transmission
(Grades 3–4)

69 14.5 (5.6) 74 15.5 (4.7) 0.87 [−0.92, 2.66] 0.34 75 14.8 (6.5) 0.31 [−1.48, 2.09] 0.74 0.56 [−1.19, 2.32] 0.53

Single-digit and double-digit
Code transmission (Grades 5–8)

74 31.7 (6.4) 79 32.2 (5.6) 0.51 [−1.48, 2.50] 0.61 79 30.6 (7.5) −1.02 [−3.01, 0.97] 0.31 1.53 [−0.42, 3.49] 0.12

Selective attention 177 2.5 (5.7) 180 2.6 (5.4) 0.19 [−0.93, 1.31] 0.74 184 2.3 (5.4) −0.12 [−1.24, 0.99] 0.83 0.31 [−0.80, 1.43] 0.58

Literacy 179 83.7 (37.6) 184 90.0 (35.9) 3.30 [−0.34, 6.94] 0.076 183 89.8 (35.8) 3.67 [0.02, 7.32] 0.049 −0.37 [−3.99, 3.25] 0.84

Numeracy 177 35.9 (15.4) 183 37.7 (15.3) 0.66 [−1.02, 2.33] 0.44 182 37.1 (15.0) 0.34 [−1.34, 2.02] 0.69 0.32 [−1.35, 1.98] 0.71

Cognitive and learning outcomes measured 6–8 weeks after implementation of three rounds of school-based IPT or IST among primary school students in rural Malawi. Generalized linear models
comparing each intervention group to control with respect to each of the scores for each outcome in this table, adjusting students’ grade-level. Target grade-levels and missing data by study arm are
presented in Table S4. p-values unadjusted for multiple comparisons are presented to evaluate the strength of individual associations. Because two comparisons were made for cognitive function
(sustained and selective attention) and foundational educational skills (literacy and numeracy), p-value <0.025 would be considered significant using the Bonferroni approach.

Table 3: Effect of three rounds of school-based intermittent preventive treatment (IPT) and intermittent screening and treatment (IST) on cognition and education outcomes.

Symptoms Total n (%) By study arm n (%) By drug received n
(%)

IPT IST CQ DP

Dizziness 17 (18) 9 (13) 8 (28) 13 (23) 4 (10)

Headache 17 (18) 11 (16) 6 (21) 6 (10) 11 (28)

Nausea 16 (17) 12 (18) 4 (14) 13 (23) 3 (8)

Abdominal pain 14 (15) 10 (14) 4 (14) 8 (14) 6 (15)

Fever 8 (8) 5 (7) 3 (10) 2 (3) 6 (15)

Weakness 8 (8) 6 (9) 2 (7) 4 (7) 4 (10)

Vomiting 5 (5) 5 (7) 0 (0) 4 (7) 1 (3)

Unknown 4 (4) 3 (5) 1 (3) 1 (2) 3 (8)

Heart Palpitations 3 (3) 2 (3) 1 (3) 3 (5) 0 (0)

Anorexia 2 (2) 2 (3) 0 (0) 1 (2) 1 (3)

Altered mental status 1 (1) 1 (2) 0 (0) 1 (2) 0 (0)

Heaviness of eyes, blurred vision 1 (1) 1 (2) 0 (0) 1 (2) 0 (0)

Total 96 67 (70) 29 (30) 57 (59) 39 (41)

Adverse events reported during three rounds of school-based IPT or IST among primary school students in rural
Malawi. IPT, Intermittent Preventive Treatment; IST, Intermittent Screening and Treatment; CQ, Chloroquine;
DP, dihydroartemisinin-piperaquine.

Table 4: Frequency of adverse events by students’ intervention arm and drugs received as reported
by 35 participants who experienced them.
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and are likely to receive the least antenatal care.36

Chloroquine is an attractive solution for this sub-
population given its long history of safety and return
of susceptibility in multiple highly endemic areas.37

While widespread use of CQ monotherapy should be
avoided, targeted use in this high-risk population is
unlikely to lead to widespread drug resistance.

While our trial was successfully implemented and
had excellent follow-up of participants, there are limi-
tations to consider in interpretation of the results. First,
the lack of a placebo control group may have resulted in
an overestimation of the effect of the IPT on clinical
malaria due to the awareness of receiving no treatment
leading to changes in treatment seeking in the control
arm and, to a lesser extent, the IST arm. To mitigate this
bias, participants in all arms were encouraged to seek
treatment when symptomatic. Second, there was a po-
tential for performance bias in the some of the outcome
assessments since participants and assessors were not
masked. However, primary outcome assessments were
done by blinded laboratory technicians and clinicians at
the health centre were blinded, and the use of tablets
and administering tests in mixed groups by study arm
for cognitive and education assessments may have
reduced this bias. Third, deletions of HRP2 gene in Pf
could have resulted in false negative results and
undertreatment in the IST arm, which may have biased
the effect of the intervention towards the null. Although
there is limited evidence on the prevalence of Pf HRP2
gene deletions in Malawi, evidence of their existence in
some sub-Saharan African countries, including neigh-
bouring Tanzania, warrants further investigation.38

Despite the consistency of our findings with the prior
trial of IST and our optimization of the IST approach,
there may still be other transmission settings were the
IST approach is efficacious.16 Our findings add addi-
tional data which could be useful in modelling to
identify these settings. Fourth, because school-age chil-
dren are a primary source of human-to-mosquito
www.thelancet.com Vol 76 October, 2024
parasite transmission, the control arm may have been
inadvertently protected from infection due to local re-
ductions in transmission as a ‘spillover’ effect in our
individually randomized trial. Participants in the inter-
vention arms represent only ∼25% of the school enrol-
ment. Therefore, we expect spillover to be minimal.
However any spillover that did occur would bias results
toward the null hypotheses. While a cluster randomized
design would limit spillover and allow quantification of
the potential indirect effect on transmission, the scale
and expense of a cluster randomized design were not
feasible with current funding. Finally, the study period
may have been too short to observe the full potential
impact of the intervention on cognition and education
outcomes.
9
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Our findings suggest that in a clinical trial setting
implementing school-based IPT with DP can effectively
reduce Pf infections, incidence of clinical malaria, and
prevalence of anaemia among schoolchildren residing
in regions with moderate to high malaria transmission.
Although our study was implemented in a single school
in rural Malawi, these findings may be generalizable to
schoolchildren in rural public primary schools in other
sub-Saharan African regions with similar transmission
patterns and intensities. During our study, trained study
nurses administered study drugs. However, if this
approach is adopted and expanded, teachers and or
community health workers would likely be engaged in
drug distribution. In Malawi, some primary school
teachers already provide malaria testing and treatment
to symptomatic schoolchildren as a part of the Learner
Treatment Kit program.39,40 Time in motion studies
suggest that teachers can deliver health interventions
without reduction in instruction time.41 Additionally,
teachers and community health workers play a crucial
role in national deworming campaigns, dispensing
drugs to schoolchildren as part of their involvement in
school health programs.42 Further implementation and
operational research and cost-effectiveness analyses are
needed, but other school health interventions suggest
school-based malaria chemoprevention is feasible.

In summary, our study provides valuable insights
into the efficacy of school-based chemoprevention to
reduce the burden of malaria in school-age children.
The results support the implementation of IPT,
administered every six weeks to boys of all ages and girls
under 10 years old using DP, and the use of chloroquine
for girls aged 10 and older to avoid risks of other anti-
malarial drugs in the first trimester of pregnancy. As
malaria control efforts continue, further investigations
are warranted to address remaining questions related to
drug selection, strategies for programmatic imple-
mentation, impact on community-level transmission
and long-term impact on cognitive and educational
outcomes. Our findings contribute to the ongoing
discourse on malaria prevention strategies, emphasizing
the need for context-specific and evidence-based in-
terventions to reduce the malaria burden among
vulnerable populations, particularly schoolchildren in
malaria-endemic regions.
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