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ABSTRACT
Introduction Alternative drugs and diagnostics are 
needed for the treatment and control of schistosomiasis. 
The exclusive use of praziquantel (PZQ) in mass drug 
administration programmes may result in the emergence 
of drug resistance. PZQ has little activity against 
Schistosoma larvae, thus reinfection remains a problem 
in high- risk communities. Furthermore, the insufficient 
sensitivity of conventional microscopy hinders therapeutic 
response assessment. Evaluation of artesunate- mefloquine 
(AM) as a Novel Alternative Treatment for Schistosomiasis 
in African Children (SchistoSAM) aims to evaluate the 
safety and efficacy of the antimalarial combination 
artesunate- mefloquine, re- purposed for the treatment of 
schistosomiasis, and to assess the performance of highly 
sensitive novel antigen- based and DNA- based assays as 
tools for monitoring treatment response.
Methods and analysis The SchistoSAM study is an 
open- label, two- arm, individually randomised controlled 
non- inferiority trial, with a follow- up of 48 weeks. Primary 
school- aged children from the Richard Toll district in 
northern Senegal, an area endemic for Schistosoma 
mansoni and Schistosoma haematobium, are allocated 
to the AM intervention arm (3- day courses at 6- week 
intervals) or the PZQ control arm (single dose of 40 
mg/kg). The trial’s primary endpoints are the efficacy 
(cure rate (CR), assessed by microscopy) and safety 
(frequency and pattern of drug- related adverse events) 
of one AM course versus PZQ at 4 weeks after treatment. 
Secondary endpoints include (1) cumulative CR, egg 
reduction rate and safety after each additional course of 
AM, and at weeks 24 and 48, (2) prevalence and severity 
of schistosomiasis- related morbidity and (3) malaria 
prevalence, incidence and morbidity, both after 24 and 
48 weeks. CRs and intensity reduction rates are also 
assessed by antigen- based and DNA- based diagnostic 
assays, for which performance for treatment monitoring is 
evaluated.

Ethics and dissemination Ethics approval was obtained 
both in Belgium and Senegal. Oral assent from the 
children and signed informed consent from their legal 
representatives was obtained, prior to enrolment. The 
results will be disseminated in peer- reviewed journals and 
at international conferences.
Trial registration number NCT03893097; pre- results.

INTRODUCTION
Treatment of schistosomiasis and the need for 
alternative drugs
Schistosomiasis is a parasitic helminth infec-
tion, disproportionally affecting children in 
poor rural areas.1 It is a major public health 
problem, with an estimated global mortality 
of 24 072 in 2016, 21 151 of which (88%) was 

Strengths and limitations of this study

 ► This study is the first large randomised controlled 
trial to evaluate artesunate- mefloquine (AM) as an 
alternative treatment for schistosomiasis.

 ► This study provides a comprehensive validation of a 
panel of top candidate diagnostic tools for monitor-
ing antischistosomal treatment response.

 ► Promising field- applicable tools are evaluated as in-
direct markers of morbidity due to schistosomiasis 
before and after treatment.

 ► The particular inclusion and exclusion criteria of our 
study will not allow application of our results to all 
treatment indications.

 ► The potential impact of the use of AM in schisto-
somiasis control programmes on malaria cannot be 
determined from our study, given the very low ma-
laria transmission in the study area.
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in sub- Saharan Africa according to WHO.2 The Global 
Burden of Disease Study 2016 found a prevalence of more 
than 180 million people worldwide accounting for almost 
1.5 million years lived with disability (YLDs). Schistosomi-
asis is ranked in the top 10 YLDs in six sub- Saharan African 
countries.3–5 The two major species Schistosoma haematobium 
and Schistosoma mansoni are responsible for organ- specific 
morbidity of the urogenital tract and hepatointestinal 
system, respectively, as well as anaemia, malnutrition and 
impaired physical and cognitive development.6 7 Since the 
1970s, treatment of schistosomiasis has relied almost exclu-
sively on praziquantel (PZQ). The WHO- recommended 40 
mg/kg single- dose regimen has demonstrated good tolera-
bility and efficacy against adult worms, with cure rates (CRs) 
around 75% and egg reduction rates (ERR) above 85% for 
both species.8 9 Schistosomiasis control is based on mass 
drug administration (MDA) of PZQ at regular intervals to 
at- risk populations, mainly primary school- aged children. 
This strategy—known as preventive chemotherapy—aims 
to reduce current infection and prevent the development 
of (severe) morbidity.

While PZQ has been successfully deployed for schistoso-
miasis control in many countries,1 10 there are important 
limitations. It has a limited impact on reinfection, espe-
cially in high- transmission settings, due to its lack of ther-
apeutic activity against larval stages,11 12 and there is a risk 
of emerging drug resistance associated with its extensive 
use in monotherapy.13–20

Despite these limitations, new drugs with the same 
safety profile, pan- Schistosoma activity and affordability are 
not expected in the short term.13 However, repurposing 
of existing drugs may provide a valid alternative;21 two 
antimalarial drugs, artemisinin derivatives and meflo-
quine, have demonstrated in vitro and in vivo activity 
against Schistosoma spp.22 23

Artemisinin derivatives, such as artesunate and arte-
mether, show excellent efficacy against schistosome 
larval stages and moderate activity against adult worms in 
animal models.24 They also yield promising results as a 
chemoprophylactic agents25 26 or as adjuvant therapy in 
combination with PZQ,25 but CR obtained with artemis-
inin derivatives in monotherapy were inferior to that of 
PZQ (CR=33% on average).25 Mefloquine has a strong 
activity against both schistosome larval and adult stages of 
S. mansoni in mice27 and the combination of mefloquine 
and PZQ was found superior to either drug alone in mice 
models.27 28 In contrast, the efficacy of mefloquine in 
monotherapy for human schistosomiasis was usually low 
(CR <50%) and evidence for its efficacy is still limited to a 
small number of clinical studies.29 30

Not only may the use of artesunate and mefloquine in 
combination be synergetic against schistosomiasis, the use 
of each of these drugs in monotherapy in malaria- endemic 
areas, poses a risk of inducing resistance of malaria para-
sites. The fixed drug combination artesunate- mefloquine 
(AM) is one of the WHO- recommended combination 
therapies for the treatment of uncomplicated malaria 
and has a well- established safety profile.31 AM, therefore, 

appears a valuable candidate for repurposing against 
schistosomiasis.

Monitoring antischistosomal treatment efficacy and the need 
for alternative diagnostic tools
Historically, schistosomiasis diagnosis has relied on the 
microscopic detection of Schistosoma eggs in stool or urine by 
Kato- Katz (S. mansoni) or urine filtration (S. haematobium). 
Both methods are relatively straightforward, inexpensive 
and almost 100% specific. However, despite standard prac-
tice of repeated examinations to account for fluctuating 
egg counts, the insufficient sensitivity of microscopy results 
in an underestimation of the prevalence and an inaccurate 
assessment of treatment efficacy.32–35

With the current focus on MDA with PZQ for schistoso-
miasis control and elimination, the need for highly sensi-
tive diagnostic tools is evident. A number of promising 
novel antigen- based or DNA- based detection assays need 
further evaluation as tools for monitoring antischisto-
somal treatment response:

DNA- based detection assay:
 ► Real- time PCR, to detect and quantify Schistosoma- 

specific DNA in stool and urine samples, is a powerful 
tool for the accurate diagnosis of schistosomiasis.36 
Specificity is virtually 100%, and sensitivities are equal 
to, or substantially higher than, conventional micros-
copy techniques.32 37–39

Antigen- based detection assays:
 ► The lateral flow immunochromatographic point- 

of- care (POC) test detecting Schistosoma circulating 
cathodic antigen (CCA) in urine (POC- CCA assay) is a 
rapid, user- friendly test designed for semi- quantitative 
field diagnosis of S. mansoni infection. Although some 
specificity issues are reported40 41 and the interpre-
tation of the trace results is disputed,42 43 accumu-
lated evidence suggests that a single POC- CCA test is 
more sensitive than conventional stool microscopy, 
especially for low infection intensities, such as after 
antischistosomal treatment.32 44–46 The test has already 
shown its value for S. mansoni prevalence mapping in 
national control programmes.46 47

 ► The up- converting phosphor lateral flow assay 
detecting circulating anodic antigen (UCP- LF CAA) 
in urine is a user- friendly test for the quantitative diag-
nosis of Schistosoma spp at very low parasite loads.48 
Previous studies indicated that circulating antigen 
levels are a better indication and more stable measure 
of schistosome burden than egg counts.49–51 Preva-
lence of S. haematobium and of S. mansoni infection 
based on UCP- LF CAA assay appeared threefold 
higher than when detected with a single urine filtra-
tion and significantly higher than when detected with 
a duplicate Kato- Katz, respectively.52 53

Monitoring morbidity after antischistosomal treatment
While ultrasonography is still the diagnostic tool of 
choice for detecting organ- specific lesions associated with 
chronic schistosomiasis,54 55 field- applicable indirect tools 
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are increasingly used as sensitive surrogate markers of 
morbidity due to schistosomiasis.56 Reagent strip tests that 
detect microhaematuria in urine, indicative of S. haema-
tobium infection, have been suggested for monitoring 
urogenital schistosomiasis morbidity.57 58 More recently, 
the point- of- care faecal occult blood (FOB) test was 
proposed to assess morbidity related to intestinal schis-
tosomiasis.59 Further research is needed to evaluate these 
tests as morbidity monitoring tools after antischistosomal 
treatment.

OBJECTIVES
The primary objective of the Evaluation of Artesunate- 
mefloquine as a Novel Alternative Treatment for Schis-
tosomiasis in African Children (SchistoSAM) study is to 
evaluate the efficacy (using microscopy as a test of cure) 
and safety of a single course of AM. Our secondary objec-
tives are (1) to evaluate the safety and cumulative efficacy 
of two additional courses of AM (at 6- week intervals each); 
(2) to determine the parasitological efficacy of single and 
repeated courses of AM, in terms of CR and ERR by Schis-
tosoma spp and by infection intensity; (3) to assess the 
impact of repeated AM courses on schistosomiasis- related 
morbidity; (4) to determine the accuracy of novel schisto-
somiasis antigen- based and DNA- based diagnostic assays 
to monitor antischistosomal treatment response; (5) to 
determine the effect of repeated AM courses on preva-
lence and morbidity of Plasmodium falciparum infection 
and on incidence of clinical malaria; and (6) to monitor 
the potential emergence of mefloquine resistance and 
reduced artesunate susceptibility.

METHODS AND ANALYSIS
Participant and public involvement
Participants, being primary school- aged children, were 
not involved in the development of the research ques-
tions, study design our study conduct.

Study design
The SchistoSAM study is an open- label, two- arm, 
individually- randomised controlled non- inferiority trial. 
Participants in the control arm receive PZQ at baseline 
(single dose of 40 mg/kg, as recommended by WHO for 
the treatment of schistosomiasis), those in the interven-
tion arm receive three courses of AM (4 mg/kg A+8 mg/
kg M, once a day for three consecutive days, as used in the 
fixed- drug WHO- recommended combination treatment 
of uncomplicated malaria), at baseline and repeated two 
times at 6- week intervals. The 6- week interval between AM 
administrations was chosen because it corresponds to the 
time lapse for schistosome larval maturation. In addition, 
it should minimise the risk of cumulative mefloquine- 
associated toxicity. Follow- up, sample collection and drug 
safety assessment take place at regular predefined time 
intervals. At the end of the study, all children receive a 
standard dose of PZQ. This is done in coordination with 

the National Control Program. The study flowchart is 
represented in figure 1.

Study area and population
The study population consists of primary school- aged 
children (6–14 years old) from selected villages of the 

Figure 1 Study flowchart. AM, artesunate- mefloquine; PZQ, 
praziquantel; (S)AE, (serious) adverse event.
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Richard Toll district, located in the northern Saint- Louis 
region of Senegal. The area is coendemic for S. mansoni 
and S. haematobium, with a reported combined prevalence 
of >50% in the general population and up to 80% in 
school- aged children.11 12 Malaria transmission is seasonal 
and very low (annual incidence <5/1000 inhabitants) and 
elimination is envisaged.60 Hence, the area is well- suited 
to safely test AM drug efficacy against schistosomiasis.

Sample size
The sample size calculation was based on the hypothesis 
that the parasitological CR after the first course of AM (ie, 
primary endpoint) is non- inferior to PZQ with a power 
of 80%. Compared with the usual CR with PZQ (75%), a 
CR of 65% (maximum difference of 10%) is considered 
as clinically acceptable for non- inferiority of AM. For this 
purpose, the required sample size is 300 schoolchildren 
per arm, but to account for a 20% loss to follow- up, the 
total number of children to be randomised is 720 (360 
per arm). Of note, the secondary endpoint, that is, supe-
riority of repeated courses of AM to PZQ (CR of at least 
85% after three courses) can be demonstrated with a 
similar power with this sample size.

Eligibility
Children are eligible for the trial if they comply with all of 
the following criteria:

 ► Age between 6 and 14 years.
 ► Enrolled in one of the selected primary schools in the 

district of Richard Toll.
 ► Confirmed infection with schistosomiasis at recruit-

ment (ie, presence of Schistosoma spp eggs in urine 
and/or stool, as determined by microscopy).

 ► Written informed consent signed by parents/guardi-
an(s) and an oral assent from the child.

Children who meet any of the following criteria are 
excluded from participation in the study:

 ► Past or present diagnosis of epilepsy or psychiatric 
illness.

 ► History of hypersensitivity to one of the study drugs 
(PZQ, mefloquine or artesunate/artemether).

 ► Chronic medication for any reason.
 ► Exposure to PZQ or artimisinin- based combination 

therapy (ACT) within 3 months prior to inclusion.
 ► Current febrile illness or clinical malaria at the time 

of inclusion.
 ► Any severe underlying illness, based on clinical judge-

ment, including severe malnutrition, severe chronic. 
schistosomiasis or severe anaemia according to WHO 
criteria.

 ► Planned travel for more than 1 month within the first 
4 months after enrolment.

Randomisation and blinding
A block randomisation schedule, stratified by the two 
Schistosoma sp, is prepared by the sponsor biostatisti-
cian, using SAS V.9.4 (SAS Institute). The individual 
randomisation number and treatment arm of each 

participant is stored in sealed envelopes, which are 
opened for each child by the study physician at enrol-
ment. The laboratory technicians and the microsco-
pists are blinded to treatment, but participants and 
clinical team members are not.

Study procedures
At inclusion, a written informed consent from the 
parents/guardians and verbal assent from the child is 
obtained. The parents/guardians are interviewed on 
the demographic characteristics and medical history 
of the child. The participant is then asked to give one 
stool and one urine sample to screen for schistosomiasis 
infection. Schistosoma spp positive children are subse-
quently invited for confirmation of eligibility. While 
ineligible children are offered standard treatment with 
PZQ, eligible children proceed to baseline clinical and 
laboratory evaluations. Symptoms are recorded through 
a pre- established questionnaire. The study physician 
performs a clinical examination, with specific attention 
to signs of anaemia, hepatosplenomegaly and stigmata 
of portal hypertension. Haemoglobin is measured and 
dried blood spot are collected for malaria detection. An 
experienced radiologist performs the ultrasound exam-
ination to assess schistosome- induced organ damage. In 
addition, children are asked to provide two urine and two 
stool samples, which are examined by a set of tests for 
the detection of Schistosoma infection and assessment of 
morbidity. Aliquots are preserved for further diagnostic 
workup.

Follow- up and sample collection take place in both 
arms 4 weeks after each round of AM treatment (week 
4, 10, 16). At each time point, the children are asked 
to provide two stool and urine samples for analysis 
and aliquoting. A drug safety assessment is performed 
before each subsequent study drug administration, 
and on the first and fourth week after each treatment 
round, with 4 weeks marking the end of the adverse 
events (AEs) and serious adverse events (SAEs) collec-
tion period. The children are also asked about poten-
tial intercurrent malaria diagnosis. Whatman 3MM 
filter papers are made available at the local health 
centres, to collect blood spots for further analysis, from 
any study participant diagnosed with malaria between 
study visits. At weeks 24 and 48 after baseline treat-
ment, intermediate and final clinical, sonographic 
and laboratory evaluations take place, equivalent to 
those at baseline.

A detailed listing of relevant study procedures at 
different time points is given in table 1.

Monitoring parasitic response after antischistosomal treatment
Microscopy
Parasitological diagnosis is determined by the micro-
scopic detection of Schistosoma eggs in stool (S. 
mansoni) and urine (S. haematobium). For every stool 
sample, two microscope slides of 25 mg of faecal mate-
rial each are prepared using the Kato- Katz method. 
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For every urine sample, a single slide is prepared after 
filtration of 10 mL urine through a filter of 12 µm 
pore size.61 62 Results are expressed as the number of 
eggs per 25 mg of stool or 10 mL of urine. For quality 
control, 10% of the slides are re- read every day. In 
case of discordant results, those given by the most 
experienced microscopist are entered in the database.

Point-of-care-circulating cathodic antigens
For the POC- CCA assay (batch no.: 190411032, Rapid 
Medical Diagnostics, Pretoria, South Africa), 100 µL 
of urine is transferred into the cassette and allowed to 
migrate. Results are read after 20 min, using the semi- 
quantitative scoring method called ‘G- scores’. An arti-
ficial score (1–10) is given according to the intensity of 
the test line compared with a set of 10 artificial cassettes 
with inkjet- printed bands of different intensity. As a semi-
quantitative measure of intensity of infection, a score of 
1 is considered as negative, scores of 2 and 3 as trace, 
scores of 4 and 5 as light infection (1+), scores of 6 and 
7 as moderate infection (2+) and scores of 8–10 as heavy 
infection (3+).63

An aliquot of stool (3 g) and two aliquots of urine 
(1 mL each) are transferred in cryotubes and stored at 
−20°C. They are then shipped to the Institute of Tropical 
Medicine (ITM), Antwerp, Belgium, where additional 
diagnostic assays are performed:

Up-converting phosphor lateral flow assay for detection of 
circulating anodic antigen
For the UCP- LF CAA assay (UCA500), a maximum of 
500 µL of filtrated urine is mixed with a buffer, concen-
trated and mixed again with CAA- specific UCP reporter 
conjugate solution. The LF strips are incubated therein 
and are afterwards scanned for UCP reporter signals with 
a fluorescent strip reader.51 53 64 65 The results are reported 
quantitatively in pg/mL.

Multiplex real-time PCR
Real- time PCR analysis is performed on stool and 
urine aliquots to detect Schistosoma- specific DNA 
targeting the internal transcribed- spacer-2 sequence 
of S. mansoni, S. haematobium and S. intercalatum as 
described previously.66 67 All PCR runs will include 

Table 1 Schedule of assessments

Time point Screening Baseline
Week
1

Week
4

Week
6

Week 
7

Week 
10

Week 
12

Week 
13

Week 
16

Week 
24

Week 
48

Informed consent X                       

Eligibility check X X                     

Demographics X                       

Medical history   X                     

Clinical examination   X                 X X

Haemoglobin 
measurement

  X                 X X

Microscopy (urine 
and stool)

X X   X     X     X X X

POC- CCA   X   X     X     X X X

Urine reagent strip 
test

  X                 X X

Faecal occult blood   X                 X X

Ultrasound   X                 X X

Randomisation   X                     

Concomitant 
medication check

  X X X X X X X X X X X

Symptom 
questionnaire

  X X X X X X X X X X X

Malaria diagnosis   X* X X X* X X X* X X X X

Study drug administration

  AM arm   AM     AM     AM       PZQ

  PZQ arm   PZQ                   PZQ

(S)AE follow- up   X† X X X† X X X† X X     

*Malaria diagnosis is done on the first day of drug administration.
†(S)AE follow- up starts after dispensation of the study drug on the first day of drug administration.
AM, artesunate- mefloquine; POC- CCA, point- of- care- circulating cathodic antigens; PZQ, praziquantel; (S)AE, (serious) adverse event.
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a negative and positive control; furthermore, an 
internal control will be included and detected to 
control for PCR inhibition. For positive samples, 
the PCR output is a cycle threshold value, which is 
inversely proportional to the parasite- specific DNA 
load in the sample tested. For negative samples, there 
will not be an output value. Results from samples that 
show PCR inhibition will be marked as invalid.

Monitoring morbidity after antischistosomal treatment
Heme reagent dipstick test
A heme reagent dipstick test (Medi- Test Combi 5, 
Macherey- Nagel, Düren, Germany) is immersed into the 
urine, and the presence or absence of blood, glucose, 
leucocytes, nitrite and proteins is registered as displayed 
by the dipstick.

Faecal occult blood rapid test
A commercially available chromatographic test is used for 
the detection of FOB (Mission test, Acon Laboratories, 
San Diego, California, USA). A few milligrams of stool 
are mixed in a buffer from which three drops are trans-
ferred into a cassette and allowed to migrate. Results are 
read after 10 min and expressed as either trace, positive 
or negative.

Ultrasound examination
A qualified sonographer performs the ultrasound exam-
ination, using a portable machine (Samsung Medison 
SonoAce R3, Benetec, Belgium) set up in a private 
room in the village. Organ- specific lesions related to S. 
mansoni and S. haematobium are scored according to WHO 
guidelines.68

Haemoglobin measurement
A trained study nurse takes blood via a finger prick 
(about 200 µL) from each child to assess haemoglobin 
concentration/anaemia using a portable haemoglobi-
nometer (HemoCue Hb 301, HemoCue, Ängelholm, 
Sweden). The given value is categorised according to 
WHO criteria.69 Four separate drops of blood collected 
on Whatman 3MM filter paper in the field are stored at 
room temperature and shipped to ITM for the following 
analysis:

Monitoring for malaria infection and resistance markers
PCR for malaria detection and P. falciparum genetic analysis
A P. falciparum quantitative PCR (qPCR) targeting 
the var genes is performed on the dried blood spot 
samples.70 71 On positive samples, pfmdr1 gene amplifica-
tion, a marker of mefloquine/piperaquine resistance, is 
performed by qPCR.72 Then, single nucleotide polymor-
phisms in pfmdr1 are detected through Taqman real- time 
PCR. Additionally, decreasing artesunate susceptibility is 
monitored by detecting mutations in the kelch propeller 
domain of the k13 gene of P. falciparum, using the Sanger 
sequencing approach.73 Electrophoregrams are analysed 
on both strands with CEQ 2000 genetic analysis system 
software (Beckman Coulter, Villepinte, France), using 

PF3D7-1343700 as reference sequence. Isolates with 
mixed allele are considered as mutants.74

Treatment
Both the investigational fixed drug combination, AM and 
PZQ, are manufactured by the Indian company Cipla, 
and received WHO prequalification (WHO reference 
number: AM 25/50 MA078, AM 100/200 MA079, PZQ 
NT003). Each drug is administered according to study 
arm allocation in following posology: a single dose of 40 
mg/kg PZQ at week 0 only, or 4 mg/kg A+8 mg/kg M in 
fixed drug combination daily over 3 (maximum 5) days 
(total dose of 12 mg/kg A+24 mg/kg M) at weeks 0, 6 and 
12. A list of prohibited concomitant medications is distrib-
uted to the local health centres to prevent dispensation of 
such drugs to study participants. If non- study drugs were 
taken, the study physician evaluates whether AM adminis-
tration can be pursued, considering possible interactions.

Adverse events
Intake of the study drug is observed directly, after which 
the child receives a light meal, and is monitored for 
2 hours for any adverse reactions. If the child vomits 
within half an hour, the full dose is repeated, if it does 
so after 30 min, but within 2 hours, half of the dose is 
re- administered. If repeating the dose results in vomiting 
again, the treatment is discontinued.

During the follow- up visits, symptoms associated with 
adverse drug reactions and intake of concomitant medi-
cation are queried following a detailed questionnaire (ie, 
not spontaneously). The reported symptoms are graded 
as mild, moderate or severe, according to their intensity 
as perceived by the child and their impact on daily activi-
ties. Symptoms are reported as AEs, except when they are 
mild. In case of health problems between two successive 
field visits, participants are requested to contact the nurse 
of the local health centre or a community health worker, 
who in turn contacts the study physician, who reports an 
AE. A small stock of permitted emergency care medica-
tions is provided to the village healthcare centres.

AEs, SAEs and relatedness to the study drug are further 
defined and reported according to the Good Clinical 
Practice (GCP) guidelines in the 4- week period after each 
study drug administration.

Any SAE, whether or not deemed drug- related, is 
reported to the principal investigator, the coordinating 
investigator and the Data and Safety Monitoring Board 
(DSMB) within 24 hours. The sponsor will send a line 
listings of all reported SAEs to the ITM institutional 
review board (IRB) and the Antwerp University Hospital 
ethics committee (EC) on a yearly basis. In Senegal, the 
principal investigator will also report SAEs to the health 
authorities—through a level one public hospital—as 
required by local law.

Definitions and grading of symptoms and (S)AEs are 
detailed in a dedicated standard operating procedure, 
which is included in online supplemental additional files 
1 and 2.
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Endpoints
The primary study endpoints are:

 ► The CR as assessed by microscopy, after one AM course 
(week 4), compared with the standard PZQ regimen.

 ► The number of participants with drug- related (S)AEs 
in the first 4 weeks after one AM course administra-
tion, compared with the standard PZQ regimen.

The secondary endpoints are:
 ► The cumulative CR as assessed by microscopy, after 

the second and after the third AM administration (at 
weeks 10 and 16) and at longer term (at weeks 24 and 
48), compared with the standard PZQ regimen. The 
total number of participants with drug- related (S)AEs 
in the 4 weeks after the second and third course of 
AM compared with the standard PZQ regimen and 
compared with a single course of AM.

 ► The ERR, as assessed by microscopy and the inten-
sity reduction rate (IRR), as assessed by additional 
diagnostic assays, obtained after single and repeated 
course of AM (at weeks 4, 10, 16) and at longer term 
(at weeks 24 and 48), compared with the standard 
PZQ regimen.

 ► The CR, and the ERR and IRR, as assessed by micros-
copy and by novel diagnostic assays, respectively, by 
Schistosoma sp and by intensity of infection.

 ► The prevalence and severity of general and organ- 
specific schistosomiasis- related morbidity as assessed 
by clinical, laboratory and ultrasound examinations at 
baseline and at weeks 24 and 48.

 ► The sensitivity and specificity of the conventional and 
novel antigen- based and DNA- based diagnostic tests, 
to monitor antischistosomal treatment response.

 ► The prevalence of P. falciparum/malaria infection and 
the frequency and severity of anaemia at baseline and 
at weeks 24 and 48.

 ► The incidence of clinical malaria during the study 
until week 48.

 ► The frequency and pattern of P. falciparum resistance 
markers at baseline and at weeks 24 and 48.

Data management, monitoring and statistical analysis
Clinical, ultrasound and laboratory data are recorded 
and entered into REDCap, an ICH- GCP compliant 
data capture system. The data system includes password 
protection and internal validation checks to identify data 
that appear inconsistent, incomplete or inaccurate. Moni-
toring visits were planned; including site initiation and 
close- out, and two additional visits during the trial period, 
for source data verification.

All statistical analyses are detailed in a statistical anal-
ysis plan. For the efficacy analysis, both an intention- 
to- treat and a per- protocol approach are adopted, with 
the per- protocol analysis being the primary approach, as 
recommended for non- inferiority studies.75 The primary 
hypothesis for non- inferiority is assessed by calculating 
the two- sided 95% CI for the difference in CR between 
arms. If it lies entirely above −10% then non- inferiority of 
the AM schedule is concluded.

The secondary analyses on the efficacy over time are 
assessed by calculating the two- sided 95% CI for the 
difference in proportions of cured subjects at different 
time points as well as by using mixed effects logistic 
regression models, one for each Schistosoma sp. Schisto-
somiasis infection at specific time points is used as the 
outcome variable, and treatment and visit as independent 
variables with a random intercept. The CR by Schistosoma 
infection intensity is analysed in a similar way, including 
that characteristic as covariate in the models. The anal-
yses of ERR and IRR are performed using a linear mixed 
effects model with a random intercept separately for each 
Schistosoma sp.

Comparison of proportions of schistosomiasis- related 
morbidity is done using the χ2 or Fisher’s exact test, and 
comparison of continuous characteristics is done using 
the Wilcoxon rank- sum test.

Sensitivity, specificity, and positive and negative predic-
tive value of both novel and conventional diagnostic tests 
are calculated together with 95% CI. In the absence of 
a true gold standard, these will be estimated by using a 
composite reference standard and by using latent class 
analysis.

The prevalence of malaria and the prevalence and 
patterns of malaria resistant mutations at baseline and 
at weeks 24 and 48 as well as the incidence of clinical 
malaria over the study period are calculated with 95% CI.

The primary safety analysis on the frequency and pattern 
of (S)AEs of the two groups at week 4 is performed using 
patient counts and percentages with 95% CIs, which are 
compared using Fisher’s exact test. As a secondary objec-
tive, the safety of repeated courses of AM is compared 
with a single dose of PZQ, and with a single course of 
AM, using Poisson regression models, controlling for the 
administered number of doses.

ETHICS AND DISSEMINATION
Approvals
The study (Study Protocol V.1.5, 19 February 2020) is 
registered in  Clinicaltrials. gov and carried out according 
to the principles stated in the Declaration of Helsinki, 
to all applicable regulations and according to the most 
recent GCP and Good Clinical Laboratory Practice guide-
lines. The study has been approved by the IRB of the ITM, 
Antwerp, Belgium (on 30 January 2019, Ref. 1269/18), by 
the EC of the Antwerp University Hospital, Belgium (on 
21 January 2019, Ref. 19/02/005), and by the National 
Ethics Council for Research in Health (CNERS) in 
Senegal (on 24 April 2019, Ref. SEN19/08).

Data safety monitoring board
An independent DSMB, composed of a paediatrician 
and two schistosomiasis experts, has been established. 
The DSMB carefully monitors the quality of the data 
produced, and the safety and efficacy of the study drug, 
and advises on the (dis)continuation of the study should 
any major safety concern appear.
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Consent
The school directors, teaching staff and community 
leaders of selected villages are informed about the study 
during a preparatory visit. After consent of the village 
leader, parents/guardians and their children are invited 
for a general information session and an individual 
consent process, during which information on schistoso-
miasis, the purpose, risks and benefits, and procedures 
of the trial is shared in local language and in a culturally 
sensitive and interactive way. A written informed consent 
from the parents or guardians and a verbal assent from 
the child are obtained by an experienced study nurse 
before procurement of the screening samples and later 
confirmed by the study physician during the baseline 
visit. All study personnel was trained in GCP. A separate 
section in the informed consent form is dedicated to the 
potential 50- year storage of the collected samples and 
their ancillary use, to which parents/guardians may or 
may not consent. The informed consent form used in 
the trial is provided in online supplemental additional 
file 3.

Withdrawal
Participation is voluntary and participants can withdraw 
from the study at any time for any reason without any 
consequences. However, follow- up for (S)AEs should 
proceed as planned until 4 weeks after the last drug 
administration.

In addition, participants are withdrawn from the study 
when the first drug administration is missed (eg, due to 
repeated vomiting), or in case of SAE. Participants with-
drawing for medical reasons will be referred to adequate 
health facilities for further care if necessary. Unless 
consent is withdrawn, efforts will be made to schedule, 
for these participants, the week 24 and week 48 follow- up 
visits.

Randomised participants who miss one or more study 
visits remain in the study and are followed up as planned. 
Data collected up to the time of withdrawal will remain 
in the study database and be used for analysis whether or 
not the participant continues with the follow- up visits. No 
additional participants are recruited to replace those who 
have withdrawn. Participants who have been withdrawn 
from the study are offered a standard dose of PZQ after 
the final study visit.

Confidentiality
Personal and medical information from the trial is kept 
confidential, in line with the requirements of the Euro-
pean General Data Protection Regulation 2016/679, and 
with applicable requirements in Senegal. Access to all 
paper and electronic study files is restricted to authorised 
study staff. All personal data collected in the case report 
forms and the study database will be pseudonymised, 
by assigning a unique trial- specific code to each study 
participant.

Reporting
The study protocol follows the Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT) 
guidelines. The SPIRIT protocol checklist is given in 
online supplemental additional file 4. The results of this 
trial will be presented at relevant national and interna-
tional meetings and published in peer- reviewed journals 
regardless of outcome and in accordance with the Consol-
idated Standards of Reporting Trials statement and Stan-
dards for Reporting of Diagnostic Accuracy Studies2015 
guidelines.

Dissemination
The participant level data set will be made available for 
access from third party researchers through a data repos-
itory as detailed in the data- sharing plan on  Clinicaltrials. 
gov. The results will be disseminated in peer- reviewed 
journals and at international conferences.

TRIAL STATUS
This open- label, two- arm, individually randomised 
controlled trial has started screening in October 2019 
and randomisation in November 2019. We envisage the 
sample collection period to be finished by the end of 
2020, and sample processing and testing at ITM to start 
early 2021.

DISCUSSION
The SchistoSAM trial is the first proof of concept 
randomised controlled trial with an adequate power to 
evaluate the efficacy and safety of the antimalarial ACT 
AM as an alternative to PZQ for the treatment of schis-
tosomiasis. Positive results will pave the way for future 
trials to evaluate AM in settings with different levels of 
malaria and schistosomiasis endemicity; in different treat-
ment indications (eg, in adults); in second- line for PZQ 
resistant schistosomiasis; in first- line for malaria–schis-
tosomiasis coinfected individuals; as a control strategy 
for schistosomiasis in malaria non- endemic areas; and/
or as seasonal chemoprophylaxis for both conditions in 
co- endemic regions, where the dual activity of AM could 
favourably impact the cumulative individual and public 
health burden of both conditions. Our study also provides 
a unique and comprehensive validation of a range of top 
candidate diagnostic tools for monitoring therapeutic 
response. Hence, this trial is a key step towards the real-
isation of much needed alternative treatment strategies 
and monitoring tools for schistosomiasis control.
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