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Abstract

Background: With adeclinein malaria burden, innovative interventions and tools are required to reduce malaria transmission
further. Mass drug administration (MDA) of artemisinin-based combination therapy (ACT) has been identified as a potential tool
to further reduce malaria transmission, where coverage of vector control interventions is aready high. However, the impact is
limited in time. Combining an ACT with an endectocide treatment that is ableto reduce vector survival, such asivermectin (IVM),
could increase the impact of MDA and offer a new tool to reduce malaria transmission.

Objective: Thestudy objectiveisto evaluate theimpact of MDA with VM plus dihydroartemisinin-piperagquine (DP) on malaria
transmission in an area with high coverage of malaria control interventions.

Methods: The study isa cluster randomized trial in the Upper River Region of The Gambiaand included 32 villages (16 control
and 16 intervention). A buffer zone of ~2 km was created around all intervention clusters. MDA with VM plus DPwasimplemented
inall intervention villages and the buffer zones; control villages received standard mal ariainterventions according to the Gambian
National Malaria Control Program plans.
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Results:

Dabiraet al

The MDA campaigns were carried out from August to October 2018 for the first year and from July to September

2019 for the second year. Statistical analysis will commence once the database is completed, cleaned, and locked.

Conclusions: Thisisthefirst cluster randomized clinical trial of MDA with IVM plus DP. The results will provide evidence
on the impact of MDA with IVM plus DP on malaria transmission.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(11):€20904) doi: 10.2196/20904
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Introduction

Between 2000 and 2015, the burden of malaria decreased
substantially in sub-Saharan Africa following the scale-up of
insecticide-treated bed nets (ITNs), indoor residual spraying
(IRS), and artemisinin-based combination therapy [1,2]. In The
Gambia, between 2003 and 2007, the proportion of blood slides
positivefor malariadecreased by 74%, and hospital admissions
for malaria by 81% [3,4]. Nevertheless, despite the high
coverage of control interventions, malaria transmission has
become increasingly heterogeneous [5-7]. Innovative
interventions and tools to further reduce transmission and
eliminate malaria are needed.

Mass drug administration (MDA), afull antimalarial treatment
to al inhabitants of target communities regardless of their
infection status, has been identified asapotential tool to further
reduce transmission where coverage of vector control
interventionsisalready high[8,9]. MDA with artemisinin-based
combination therapy (ACT) reduces transmission by clearing
asexual infectionsand early-stage gametocytesin asymptomatic,
infected individuals[8,9]. Dihydroartemisinin-piperaguine (DP),
thanks to its simple dosing schedule, long posttreatment
prophylaxis period, good safety profile [10,11], and the fact
that it is not used as a first-line antimalarial treatment in The
Gambia, isapromising candidatefor MDA. However, the effect
of MDA with ACT onmalariaislimited over time[12,13]. This
limited impact islargely attributed to incomplete coverage and
the persistence of malaria parasitesin the mosquito popul ation,
with a smaller contribution to residual transmission of
gametocytes remaining after ACT administration [14].

Combining an antimalarial treatment (DP) with an endectocide
treatment able to reduce vector surviva, ivermectin (IVM),
could increase theimpact of MDA and offer anew tool to reduce
malaria transmission [15,16]. IVM is a broad-spectrum
antiparasitic endectocidal drug, active against a wide range of
parasites, including ectoparasites [17]. It reduces the lifespan
of mosquitoes that feed on treated individuals [16], with
conflicting data on a possible effect on parasite devel opment
in surviving mosguitoes [18-20]. A major advantage of IVM is
that, since malaria vectors feed on more than one person, the
effective coverage may exceed MDA coverage, especidly if its
mosquitocidal effect can be extended by repeated treatments.
Repeated IVM dosing increases the duration of time that 1IVM
concentration remains above the lethal concentration that kills
50% of mosquitoes [17]. A 3-day regimen of IVM 300 pg/kg
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is safe and has a mosquitocidal effect for Anopheles gambiae
s.s. lasting approximately 28 days post treatment [16].

The community administration of 1VM could reduce malaria
transmission [19,21], providing a synergistic effect compared
to MDA with ACTs aone [15]. Furthermore, IVM can reduce
the prevalence of other parasitic infections, including
ectoparasites and soil-transmitted helminths, which could be

an important additional benefit and improve the
cost-effectiveness of thisintervention.
The mass drug administration of ivermectin and

dihydroartemisinin-piperaguine as an additional intervention
for malariaelimination (MASSIV) study isacluster randomized
trial that aims to evaluate the impact of MDA with IVM plus
DP on malaria transmission in an area with high coverage of
malaria control interventions, eg, ITNs, IRS, and seasonal
chemoprevention (SMC). The trial was implemented in Basse,
Upper River Region (URR) in The Gambia.

Study Objectives

Clinical

The clinical objective is to determine whether three monthly
rounds of MDA with IVM plus DP implemented over two
malaria transmission seasons will reduce malaria transmission
in communities with high coverage of malaria control
interventions.

Entomological

The entomological aim is to determine whether three monthly
rounds of MDA with IVM plus DP implemented over two
malariatransmission seasons will reduce vector parity, a proxy
for vector survival, in communities with high coverage of
malaria control interventions.

Social Science and Health Economics

The social science and health economicsaimsareto (1) identify
the most socially acceptable and sustainable way of achieving
and maintaining high coverage of MDA with IVM plus DR,
and (2) determine the costs and cost-effectiveness of this
intervention compared to standard malaria control measures.

Methods

Study Design
The study is a cluster randomized tria (ClinicalTrials.gov,
NCT03576313) that included atotal of 32 villages (16 control
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and 16 intervention), located at least 3 km from each other. A
buffer zone of ~2 km was created around all intervention clusters
inamodified fried-egg design [22]. No buffer zone was created
around control villages. MDA with IVM plus DP was
implemented in all intervention villages and the buffer zones,
control villages received standard malaria interventions
according to the Gambian National Malaria Control Program’s
(NMCP) plans.

Study Setting

The study was conducted in the eastern part of The Gambiain
the Upper River Region (URR). The region is open Sudanese

savanna and covers an area of 1995 km? [23]. Most of the
residents are subsistence farmers. The climate is characterized
by along dry season from mid-October to mid-June, followed
by a single short rainy season. Malaria transmission is highly
seasonal, with most malaria cases occurring during the rainy
season and immediately afterward, until December-January
[23,24]. Madaria transmission has decreased substantialy in
The Gambia; however, itishigher in URR than in other regions
[24]. The URR is also characterized by low vector density and
high vector parity rate, indicating high vector survival,
suggesting the existence of populations (or subpopulations) of
mosquitoes abl e to escape standard vector control interventions
[24].

Selection of Villages and Informed Consent

A cross-sectional survey was carried out in November 2017, at
the peak of malariatransmission, in 47 medium-sized (200-600
inhabitants) villages to select study villages with a baseline
malaria prevalence of at least 10%. Following the survey, 32
villageswith malaria prevalence determined by gPCR of at least
10% were included in the trial and randomly assigned to either
the intervention or control arm using STATA, version 15;
randomization was constrained such that the mean baseline
prevalence in the intervention clusters was within £10% of the
prevalence in the control clusters.

After explaining the study objective and methods of thetrial to
the local authorities and the populations of the study villages
through sensitization meetings in the local language, a census
of the study population was carried out in November 2017. This
wasfollowed by individual consent proceduresto obtain written
informed consent for al willing residentsin the study villages.
Consent for children was provided by their parents/guardians;
assent was sought for adolescents 12-17 years old.

Consent and enrolment procedures were carried out throughout
thetrial to obtain written informed consent from new residents
and individuals missed previously by the research team due to
absence at the time of the initial consenting and enrolment
procedures.

A list of al residents in the study villages, by compound,
including consent status, were generated and made available to
the study team.

Eligibility Criteria
The target population for MDA was all €ligible individual

residentsin theintervention villages. During each MDA round,
residents were (re)assessed for eligibility to receive IVM and
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DP. Participants had to meet al inclusion criteria and none of
the exclusion criteria Inclusion criteria were: (1)
age/anthropometry, for IVM: weight >15 kg; for DP: age >6
months, (2) willingness to comply with trial procedures, and
(3) individual written informed consent. The exclusion criteria
for both IVM and DP were known chronic illnesses such as
HIV, tuberculosis, hepatitis, and severe malnutrition.
Additionally, for IVM only, exclusion criteria were (1)
pregnancy (any trimester) or breastfeeding, (2) hypersensitivity
to IVM, and (3) travel to Loa loa endemic countries (Central
Africa); for DP, these were: (1) first-trimester pregnancy, (2)
hypersensitivity to DP, and (3) taking drugs that influence
cardiac function or prolong QTc interval.

Trial Medication and I ntervention

DP (Guilin Pharmaceuticals, China) was availabl e as tabl ets of
320/40 mg and 160/20 mg pi peraquine/dihydroartemisinin per
tablet. DP was administered orally, once daily for three days,
according to body weight per manufacturer’s guidelines. For
participants unable to swallow the tablets, such as infants and
young children, DP was crushed and mixed with water. The
mixture was used immediately after preparation. If aparticipant
vomited within 30 minutes of taking DP, the full dose was
readministered; if a patient vomited within 30-60 minutes, half
the dose was readministered. VM (Laboratorio Elea SACIF y
A, Argentina) was available as 6 mg tablets. It was given at
300-400 pg/kg/day once daily for three days (15.0-25.9 kg one
tablet, 26.0-40.9 kg two tablets, 41.0-60.9 kg 3 tablets, 61.0-80.9
kg four tablets, 81.0-95.9 kg five tablets, =296 kg 6 tablets).
Therefore, the total dose of IVM for each round was 900-1200
ug/kg. Before treatment, women of reproductive age (15-49
years) were asked to provide a urine sample to test for
pregnancy. All treatments were supervised.

MDA was implemented each year and for two consecutive
transmission seasons as three-monthly rounds starting from July
(end of the dry season) to August and September (rainy season).
The choice of implementing theintervention for two consecutive
yearswas taken to estimate its cumul ative effect and to monitor
community participation over repeated intervention rounds.

Standard malaria control interventions were implemented in
both intervention and control villages. These consisted of ITNS,
IRSwith pirimiphos-methyl (Actellic 300CS) donein mid-July
2019, just before the first MDA round of IVM and DP, prompt
diagnosis and treatment with artemether-lumefantrine, SMC,
and intermittent preventive treatment during pregnancy (IPTp).
During the three rounds of MDA, SMC was not administered
to children in the intervention villages eligible for MDA with
IVM plus DP to avoid double antimalarial treatment. In these
villages and during the MDA period, only children aged 3-6
months received SMC as they were not eligible for DP
treatment. Nevertheless, all children aged 3-59 monthsreceived
SMC one month after completing the last MDA round in
intervention villages. The implementation of these malaria
control interventions was done by the Regional Health Team
and documented at the level of individual participants. Eligible
children in control villages received SMC as planned by the
NMCP.
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Outcome M easures

Clinical

The primary clinical endpoint was the prevalence of maaria
infection measured by gPCR in all age groups[25] viaayearly
cross-sectional survey at the peak of the transmission seasonin
November.

Secondary endpointsincluded (1) incidence of clinical malaria
estimated by passive case detection by recording al clinical
cases from study villages (both intervention and control)
attending the local health facilities or the community health
worker when present; (2) prevalence of drug-resistant markers
such as Pfcrt and Pfmdr-1 mutations [26], in malaria-positive
blood samples collected during the annual cross-sectional
survey; (3) serological markers of recent malariainfection and
recent Anopheles exposure, both determined by detecting
relevant antibody responses in blood samples collected during
the annual cross-sectional survey; (4) intervention coverage as
the proportion of eligible individuals having taken the
investigational products.

Tertiary endpoints were the prevalence of bedbugs, headlice,
scabies, and soil-transmitted helminths. Surveys were done
yearly, before and after the MDA campaign.

Entomological

The primary entomol ogical endpoint was the parous rate of An.
gambiaes.|. females in each study group, determined on
extracted ovaries[27]. The secondary endpoint wasthe duration
of the IVM mosquitocidal effect, determined by the mortality
of insectary colonized An. coluzzi after feeding on IV M-treated
individuals on days 7, 14, and 21 post treatment. An. coluzzi
mortality was recorded over 14 days after feeding.

Social Sciences and Economics

The economicsand socia sciences endpointsincluded: (1) MDA
participation and acceptability, and (2) MDA costs and
cost-effectiveness.  For participation and  acceptability,
guantitative and qualitative research methods were used. For
theformer, in each intervention village, across-sectional survey
was conducted between MDA years 1 and 2. For qualitative
methods, in-depth interviews and focus group discussions with
MDA participants, MDA decliners, village leaders, MDA field
staff, and others were carried out throughout all trial activities.
Information on the costs of malaria episodes to househol ds and
their management and the intervention costs was collected to
estimate costs and cost-effectiveness. From these, the
incremental cost-effectiveness ratio of the intervention versus
control was calculated as costs per maariarelated DALY
averted. Moreover, policy considerations around trandating and
scaling up the intervention were explored.

Statistical Consider ations

The sample size was based on two primary endpoints: malaria
prevalence determined by qPCR at the peak of the malaria
transmission season and the vector population’s parous rate.
For malaria prevalence, we assumed the mean malaria
prevalence in the control arm at peak transmission would be
15%; thisis a conservative assumption, as, in November 2013,
the prevalence in villages in eastern Gambia varied between
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21.3% and 44.3% [24]. Based on an initia prevalence of 15%
and assuming 95%, 86%, and 63% of eligibleindividualsreceive
1, 2, or 3 courses of DP+IVM each year, prevalence would
decrease by >90% assuming “ideal conditions’ such as the
absence of population movement, perfect adherence and no
cluster spillover effects (human/vector movement from control
to intervention clusters). However, such factors may influence
the effect size of the intervention. Therefore, we used a more
conservative effect size of 50% or prevalence from 15% to
7.5%. Assuming a conservative coefficient of variation of 0.5,
16 clusters per arm, 200 individuals per cluster recruited in the
yearly cross-sectional survey, would have 90% power to detect
a significant difference between study arms.

For the vector parous rate, the assumption was that the parous
rate of An. gambiae s.|. would be 85% because, in 2013, it was
90.7% and 81.1% in the North Bank and South Bank of the
URR, respectively [24]. Therefore, assuming the intervention
would decrease parity from 85% to 75%, and a coefficient of
variation of 0.25, dissecting 50 An. gambiaes.| per village would
have 90% power to find a significant difference between arms.

Randomization and Blinding

The unit of randomization was the village. Randomization to
theintervention or the control arm was done by computer-based
randomi zation. To prevent imbalance for potential confounding
factors, restricted randomization to balance the arms on factors
such as baseline prevalence, ITN coverage, and distance from
health facilities was used [22].

Considering the nature of the trial (cluster randomized), the
primary endpoint (malaria prevalence), and the logistical and
ethical (treating thousands of individuals with placebo)
challenges, we chose not to blind participating individuals. All
laboratory staff involved in processing samples and evaluations
contributing to any clinical or entomological endpoints were
blinded to the alocation arm.

Study Procedures and Evaluations

Clinical Evaluation

Passive case detection was established at local health facilities
andthevillagelevel if community health workerswere present.
All suspected malaria cases, such as patients with fever or
history of fever in the last 24 h without any other apparent
illness, wereinvestigated with an RDT (SD BIOLINE Malaria
Ag Pf Standard Diagnostics); if positive, the patient wastreated
with artemether-lumefantrine, the first-line treatment in The
Gambia. Axillary body temperature was measured using an
electronic thermometer; a blood slide and blood spots were
collected for later molecular analysis. Randomly selected
individuals, regardless of temperature or history of symptoms,
were included in the cross-sectional surveys to collect blood
samples by finger prick and administer a short questionnaire
on demographic characteristics, area of residence, recent travel
history, and use of malaria control interventions and recent
history of clinical malaria.

A cross-sectional survey to estimate the prevalence of
ectoparasites, scabies, and helminths was carried out. In each
cluster, 30 children aged 4-13 years, the age group at highest
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risk of these infections, were selected. Bedbugs were detected
by visual inspection of the child’s bed using torchlight, and
headlice were detected by visua search of the scalp. Scabies
wasidentified by acomplete physical examination of the body.
A stool sample wastaken to identify the presence of helminths,
including Srongyloides stercoralis, Trichuristrichiura, Necator
americanus, Ancylostoma duodenale, and Ascarislumbricoides
using PCR.

Entomological Evaluations

Both intensive and routine entomological surveys were
performed. Intensive surveys were carried out 7-14 days after
each MDA in al the intervention villages and for a similar
period in 8 control villages randomly selected at the beginning
of the study. The same control villages were sampled throughout
the transmission season. Collectionswere carried out over three
consecutive nights in six randomly selected houses. Monthly
human landing catches (indoor and outdoor) were carried out
in three houses for two nights (6 nightsmonth) to determine
the landing rate, parity rate, sporozoite rate, and the
entomological inoculation rate, and their potential reduction by
IVM. Four collectors rotated between indoor and outdoor sites
every 2 hours, from 7:00 pmto 7:00 am, in four selected villages
per study arm. Routine surveys were carried out monthly, after
the intensive surveys, between October and December, in all
intervention and control villages using CDC light traps. [28].
In each village, six trapping nights/month with six indoor CDC
light trapswere positioned 1 m above the ground at the foot end
of the bed (1 per house and protected by I TN) to obtain estimates
of vector density, parity, and sporozoite rates. Parity was
determined by dissecting 60 unfed An. gambiaes.|. (10 per trap
per village) in droplets of phosphate-buffered saline (PBS) and
read with a microscope at 10x field magnification. Sporozoite
rate was determined by ELISA on the head and thorax of An.
gambiaes.l.

To monitor the duration of the IVM mosquitocidal effect and
potential host characteristics associated with lower efficacy, 40
randomly selected adults and 40 randomly selected children
(2-10 years old) were recruited in one intervention and one
control village near Basse field station, which has an insectary.
Children were included in this component of the study because
linear dosing based on total body weight may not achieve similar
drug exposure in children as in adults, possibly a consequence
of age-related changes in gastrointestina motility, pH, or
prehepatic expression of metabolic enzymes or transporters,
resulting inincreased absorptive capacity with age[29,30]. Only
IVM-treated individuals were selected in intervention villages;
all selected participants were asked to provide additional written
informed consent. A 3-mL blood samplewas collected at 7, 14,
and 21 days post MDA. Thisblood samplewas placed in aglass
membrane feeding system and 2 cups (250 ml, covered at the
top with netting), each containing 50 insectary-reared An.
gambiae s.s. mosquitoes, were presented to the membrane feeder
for 20 minutes [31]. The number of mosquitoes with an
engorged abdomen was counted and those with unfilled/partially
filled abdomens discarded. Mosquito survival was monitored
daily until 14 days post feeding. To further understand
heterogeneity in mosquito mortality, participants across different
age groups, gender, and varying body mass index (BMI) were
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selected for these membrane feeding assays. Membrane feeding
assays were performed using insectary-reared An. coluzzi at
different age ranges.

Social Sciences Evaluations

A mixed-methods socia science study was carried out prior to
and throughout the trial. This study used ethnographic,
qualitative, and quantitative methods to assess MDA coverage,
potential bottlenecks to implementation, adherence, and
acceptability among potential MDA participants. Before the
initial MDA campaign, potential bottlenecksfor theintervention
were assessed, and recommendations were made to improve
implementation in the first phase. These data helped fine-tune
the intervention to local redlities and engaged stakeholders to
assure participation and long-term sustainability. In the second
phase, exploratory research was conducted in al intervention
and control villages to assess the MDA's socio-cultural effects.
Methodsincluded observations of all trial components, in-depth
and key-informant interviews, and focus group discussions.
These methods were carried out in both the first and second
years of the MDA. A quantitative household survey was
conducted between years to assess findings from the first
intervention year in more detail; these findings were then
explored by additional qualitative and ethnographic work,
including surveys, interviews, and focus group discussions in
the second year.

Laboratory Evaluations

A finger prick blood sample was collected from all selected
individuals; 40-50 pL (3 droplets) were blotted onto Whatman
3 MM filter paper and stored with a desiccant at 4°C. For the
molecular detection of P. falciparum parasitemia, three 6-mm
punches of dried blood spot, each representing approximately
8 pL blood, were added to a 96-deep well plate and used for
DNA extraction. Extracted DNA was analyzed with varATS
gPCR using 5 pL of extracted DNA per assay [24]. All gPCR
output was analyzed using the BioRad CFX Manager software.
Each plate contains two rows of P. fal ciparum standard dilution,
used to make the quantification curve and allow quality control.
For the serological analysis, serum was eluted from one 6-mm
punch (~4 pL serum) from the filter paper. This punch was
eluted in 200 uL PBS/azide to have one 1:50 predilution from
which 10 uL were used on the Luminex plate. As controls for
the immunoassay, BSA-coupled beads, a pool of negative sera
(malarianaive European sera), and positive sera (highly exposed
Gambian serafrom previous surveys) were added to each plate.
Plateswere analyzed and read using the MAGPI X [32]. Results
were presented as the median fluorescence intensity.

Data Capture, Management, and Analysis

Datafor each participant were captured on el ectronic case report
forms. Informed consent, demography, medical history, physical
examination, vital signs, drug administration, adherenceto study
drugs, adverse events including serious adverse events, and
laboratory evaluations were recorded.

All trial datawere stored and managed withinthe REDCap trial
database system, an application specifically designed to collect
and store clinical trial data and customized for electronic data
capture at thetrial site. Analytical results for samples from the
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prevalence surveyswere linked to the main trial database. When
inconsistencies were found, these were checked against the
origina forms and subsequently amended in the dataset. All
staff involved in the trial was trained on their specific tasks.

Statistical Analysis

The primary clinical endpoint, malaria prevalence at the end of
the second transmission season, will be compared between arms
using random-effects logistic regression, and a random effect
for study village will be included to account for clustering. An
odds ratio, 95% CI, and P value will be presented. Malaria
prevalence at the end of the first transmission season will be
analyzed separately and in the same way.

The primary entomological endpoint, vector parity, will be
compared between arms using random-effects logistic
regression, and arandom effect for study villagewill beincluded
to account for clustering. A fixed effect for study month and
year will be included. An oddsratio, 95% CI, and P value will
be presented. Incidence will be compared between arms using
random-effects Poisson regression, and a random effect for
study village will be included to account for clustering. An
offset for village population and afixed effect for the study year
will be included. A rate ratio, 95% Cl, and P value will be
presented. Mosquito mortality, a secondary entomological
endpoint, will be determined by Kaplan-Meier estimates.
Kaplan-Meier plots of mosquito survival will be presented for
each age group and timepoint. A comparison between the arms
will be made using survival analysiswith an exponential survival
model. A random effect (shared frailty) will be included for
each human participant to account for correlated outcomes on
mosquitoes fed on the same participant.

Other entomological endpoints. (1) Mosguito density will be
compared between arms using random-effects negative binomial
regression, and arandom effect for study villagewill beincluded
to account for clustering. A fixed effect for study month and
year will be included. An oddsratio, 95% CI, and P value will
be presented; (2) Sporozoite rates in field-caught mosquitoes
will be compared between arms using random-effects logistic
regression, and arandom effect for study villagewill beincluded
to account for clustering. A fixed effect for study month and
year will be included. An oddsratio, 95% CI, and P value will
be presented.

Quality Management

Anindependent dataand saf ety monitoring board (DSMB) was
appointed to advise the sponsor and investigators on the trial’s
safety issues. Study physicians and nurses were trained to
monitor and report all adverse events, including serious adverse
events associated with treatment. Before each dose, adverse
eventsthat occurred were systematically documented by medical
terms, start and end date, severity and seriousness, relation to
the study drug, and outcome. The relationship to the study drugs
was determined based on temporal association and clinical
judgment. The study nurses visited each household in
intervention villages 7 days after starting treatment to monitor
and document any adverse events in the study population.
Serious adverse events were reported to the DSMB, the local
ethics committee, and the London School of Hygiene and
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Tropical Medicine (LSHTM) Ethics Committee. Analysis of
adverse events was restricted to the intervention arm because
the study population in the control arm was not treated with the
investigational products.

Ethical Approval

The protocol, informed consent documents, and patient
information sheets have been reviewed and approved by The
Gambia Government/MRC Joint Ethics Committee (ref number:
1593) and the L ondon School of Hygiene and Tropical Medicine
Ethics Committee (ref number: 15823).

Results

The MDA campaigns were carried out from August to October
2018 for the first year and from July to September 2019 for the
second year. Statistical analysis will commence once the
database is completed, cleaned, and locked.

Discussion

Principal Findings

IVM is a promising tool to complement the current effort to
interrupt malaria transmission. It targets malaria vectors
regardless of biting behavior (it kills exophagic and exophilic
mosquitoes, including early biting vectors) and reduces vectoria
capacity [15,33]. Research has shown that VM isapotentialy
valuable addition to the existing tools to decrease maaria
transmission [15,16,18,33,34]. Modeling showed that three
monthly rounds of MDA with IVM at 300 pug/kg/day daily for
three days with 70% coverage would reduce clinical incidence
by 70% and prevalence by 34% in a highly seasonal moderate
transmission setting [15]. The magnitude of the impact is
predicted to be higher for MDA of 1VM plus DP, resulting in
areduction of clinical incidence by 75% and prevalence by 64%
[15]. Nevertheless, this trial compares MDA of IVM plus DP
to standard malaria control interventions and cannot distinguish
the IVM effect from the DP effect. The proposed trial will
evaluate the impact of MDA with IVM plus DP.

Cluster randomized trials are the gold standard design to assess
the community-level effect of an intervention [22]. Key
considerationsfor the design are cluster size, spatial separation,
and movement of individual s between intervention and control
clusters [35,36]. Individua movement could lead to
contamination or spillover, which would affect the interpretation
of the intervention’s efficacy [35]. We have defined a buffer
zone around intervention clusters to reduce the spillover effect
and ensure that intervention and control clusters are spatially
well separated. Theintervention (MDA with VM plusDP) was
carried out in intervention clusters and buffer zonesto minimize
contamination of the intervention villages. The entomological
endpoint was one of the trial’s primary objectives, and buffer
zones were created to minimize contamination of intervention
villages by vectors from control villages.

Measuring and detecting changes in malaria transmission
requires appropriate metrics to assess the community-wide
impact of an intervention [37]. Severa metrics measuring
different facets of malaria transmission have been proposed,
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including entomological inoculation rate, slide positivity rate,
parasite preval ence, disease incidence, sporozoite rate, vectorial
capacity, and serological markers of mosquito and malaria
exposure [37-39]. All these metrics have intrinsic limitations
to their precision and accuracy [38]. Nevertheless, parasite
prevalence is a suitable direct estimate of malaria infection in
low transmission settings [37,38].

Parasite prevalence, the metric designed to measure the
proportion of individuals found with parasites in their blood,
varies by the methods used [37], including microscopy, RDT,
and PCR [37,39]. Microscopy and RDTs may miss infections
of low parasite density that represent a large proportion of
infectionsin alow-transmission setting. Parasite prevalence at
the peak of the transmission season and determined by PCR
can provide an accurate estimate of the community’s parasite
reservoir and the effect of the intervention [38,40]. Thistrial’s
primary endpoint is parasite prevalence by PCRin all age groups
through a community-based random sampling survey at the
peak of the transmission season.

Successful MDA campaigns require high coverage and good
compliance [41]. Understanding the local context and attitudes
within the trial communities, including the communities
acceptability of the intervention, is key to achieving the
necessary coverage and compliance to meet the desired clinical

Dabiraet al

and epidemiological results. For example, healthy individuals,
some of whom may be malaria-infected but asymptomatic, may
not be ready to accept medications for a disease they are
currently not affected by, and this could negatively impact trial
coverage. Engaging communitiesto establish the most effective,
ethical, and sustanable ways to implement these
community-targeted interventionsisvital. Therefore, community
acceptance was assessed using a mixed-method design. During
and after each round of MDA, acceptability was evaluated, and
thefindingsinformed the implementation of subsequent rounds.

To our knowledge, thisisthefirst cluster randomized trial with
a 3-day regimen of 300 pg/kg IVM (high-dose regimen).
Strengths of the study include its design as an adequately
powered cluster randomized trial, the setting in an area with
high coverage of ITNs, IRS, and SMC, and where there is
prompt and effective treatment with ACTs. Another major
strength is the provision of safety data for the high dose IVM
administered with DP. The tria is limited by its inability to
determine the impact of IVM aone as this treatment is
administered with DP, and there is no DP-only arm.

Conclusion

This study will be the first cluster randomized clinical trial of
MDA with IVM plus DP. The results will provide evidence on
the effect of MDA with IVM plus DP on malariatransmission.

Acknowledgments

We acknowledge the contribution of Thomas Mendy (data management) and Abdoulie Sillah (project management). Thanks to
Guilin Pharmaceuticals for donating the dihydroartemisinin-piperaguine and to Elea Laboratories for providing ivermectin.

Thetria isjointly funded under the Joint Global Health Trials Scheme by the Medical Research Council (United Kingdom), the
Department for International Development (DFID), and the Wellcome Trust. The funding institutions have not had nor will have
any role in the study’s design, the collection, analysis, and interpretation of data, or writing the manuscript.

Authors Contributions

UDA and JA conceived the study. EDD drafted the manuscript. KPG, IMR, AEF, CNS, HB, and CK designed the social science,
health economics, and ectoparasite study work plans. HM S supervised the entomological work package. JB provided statistical
expertise. UDA, JA, EDD, HS, SWL, BC, FC, JB, CK, HMB, BK, AEF, CNS, IMR, KPG, MRS, CD, and TB contributed to the
refinement of the study protocol and approved the final version. All authors read and approved the fina manuscript before
submission.

Conflictsof Interest
None declared.

References

1. Bhatt S, Weiss DJ, Cameron E, Bisanzio D, Mappin B, Dalrymple U, et a. The effect of malaria control on Plasmodium
falciparum in Africa between 2000 and 2015. Nature 2015 Oct 08;526(7572):207-211 [FREE Full text] [doi:
10.1038/nature15535] [Medline: 26375008]

2. World Malaria Report 2019. World Health Organization. URL : https://www.who.int/publications-detail/
world-malaria-report-2019 [accessed 2020-05-31]

3. Ceesay S, Casals-Pascual C, Erskine J, Anya S, Duah N, Fulford A, et al. Changes in malaria indices between 1999 and
2007 in The Gambia: aretrospective analysis. The Lancet 2008 Nov;372(9649):1545-1554. [doi:
10.1016/s0140-6736(08)61654-2]

4.  Ceesay SJ, Casals-Pascua C, Nwakanma DC, Walther M, Gomez-Escabar N, Fulford AJC, et a. Continued decline of
malariain The Gambiawith implications for elimination. PLoS One 2010 Aug 18;5(8):€12242 [FREE Full text] [doi:
10.1371/journal .pone.0012242] [Medline: 20805878]

https://www.researchprotocols.org/2020/11/e20904 JMIR Res Protoc 2020 | vol. 9 | iss. 11 | €20904 | p. 7

(page number not for citation purposes)


http://europepmc.org/abstract/MED/26375008
http://dx.doi.org/10.1038/nature15535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26375008&dopt=Abstract
https://www.who.int/publications-detail/world-malaria-report-2019
https://www.who.int/publications-detail/world-malaria-report-2019
http://dx.doi.org/10.1016/s0140-6736(08)61654-2
https://dx.plos.org/10.1371/journal.pone.0012242
http://dx.doi.org/10.1371/journal.pone.0012242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20805878&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Dabiraet d

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

MwesigwaJ, Okebe J, AffaraM, Di TannaGL , NwakanmaD, Janha O, et al. On-going malariatransmissionin The Gambia
despite high coverage of control interventions: a nationwide cross-sectional survey. Malar J2015 Aug 14;14(1):314 [FREE
Full text] [doi: 10.1186/s12936-015-0829-6] [Medline: 26268225]

Okebe J, Ribera M, Balen J, Jaiteh F, Masunaga Y, Nwakanma D, et a. Reactive community-based self-administered
treatment against residual malariatransmission: study protocol for arandomized controlled trial. Trials 2018 Feb 20;19(1):126
[FREE Full text] [doi: 10.1186/s13063-018-2506-x] [Medline: 29463288]

SatoguinaJ, Walther B, Drakeley C, NwakanmaD, Oriero EC, Correa S, et al. Comparison of surveillance methods applied
to asituation of low malaria prevalence at rural sitesin The Gambia and Guinea Bissau. Malar J 2009 Dec 02;8(1):274
[FREE Full text] [doi: 10.1186/1475-2875-8-274] [Medline: 19954532]

The role of mass drug administration, mass screening and treatment, and focal screening and treatment for malaria. World
Health Organization. URL : https://www.who.int/docs/defaul t-source/documents/publications/

rol e-of -mass-drug-admi ni strati on-mass-screening-and-treatment-and-focal - screening-and-treatment-for-mal aria.

pdf 2sfvrsn=968fdebl 1 [accessed 2020-05-31]

Mass drug administration for falciparum malaria: a practical field manual. World Health Organization. URL : https://www.
who.int/malaria/publications/atoz/9789241513104/en/ [accessed 2020-05-31]

Hung T, Davis T, llett K, Karungjeewa H, Hewitt S, Denis M, et a. Population pharmacokinetics of piperaguine in adults
and children with uncomplicated falciparum or vivax malaria. Br J Clin Pharmacol 2004 Mar;57(3):253-262. [doi:
10.1046/j.1365-2125.2003.02004.x] [Medline: 14998421]

Pryce J, Hine P. Pyronaridine-artesunate for treating uncomplicated Plasmodium falciparum malaria. Cochrane Database
Syst Rev 2019 Jan 08;1:CD006404 [FREE Full text] [doi: 10.1002/14651858.CD006404.pub3] [Medline: 30620055]
Mwesigwa J, Achan J, AffaraM, Wathuo M, Worwui A, Mohammed N, et al. Mass Drug Administration With
Dihydroartemisinin-piperaquine and Malaria Transmission Dynamicsin The Gambia: A Prospective Cohort Study. Clin
Infect Dis 2019 Jul 02;69(2):278-286 [FREE Full text] [doi: 10.1093/cid/ciy870] [Medline: 30304511]

Newby G, Hwang J, KoitaK, Chen |, Greenwood B, von Seidlein L, et a. Review of mass drug administration for malaria
anditsoperational challenges. Am JTrop Med Hyg 2015 Jul;93(1):125-134 [FREE Full text] [doi: 10.4269/ajtmh.14-0254]
[Medline: 26013371]

Eisele T, Bennett A, Silumbe K, Finn T, Chalwe V, Kamuliwo M, et a. Short-term Impact of Mass Drug Administration
With Dihydroartemisinin Plus Piperaquine on Malariain Southern Province Zambia: A Cluster-Randomized Controlled
Trid. JInfect Dis 2016 Dec 15;214(12):1831-1839 [FREE Full text] [doi: 10.1093/infdis/jiw416] [Medline: 27923947]
Slater HC, Foy BD, Kabylinski K, Chaccour C, Watson OJ, Hellewell J, et al. Ivermectin asanovel complementary malaria
control tool to reduce incidence and prevalence: a modelling study. Lancet Infect Dis 2020 Apr;20(4):498-508. [doi:
10.1016/S1473-3099(19)30633-4] [Medline: 31948767]

Smit MR, Ochomo EO, Aljayyoussi G, Kwambai TK, Abong'o BO, Chen T, et al. Safety and mosquitocidal efficacy of
high-dose ivermectin when co-administered with dihydroartemisinin-piperaquine in Kenyan adults with uncomplicated
malaria (IVERMAL): arandomised, double-blind, placebo-controlled trial. The Lancet Infectious Diseases 2018
Jun;18(6):615-626. [doi: 10.1016/S1473-3099(18)30163-4] [Medline: 29602751]

Ivermectin for malaria transmission control. World Health Organization. URL : https://www.who.int/mal aria/mpac/
mpac-sept2016-invermectin-session9.pdf 2ua=1 [accessed 2020-05-31]

Chaccour CJ, Rabinovich NR, Slater H, Canavati SE, Bousema T, Lacerda M, et al. Establishment of the Ivermectin
Research for Malaria Elimination Network: updating the research agenda. Malar J 2015 Jun 11;14:243 [FREE Full text]
[doi: 10.1186/s12936-015-0691-6] [Medline: 26068560]

Alout H, Krajacich BJ, Meyers JI, Grubaugh ND, Brackney DE, Kobylinski KC, et a. Evaluation of ivermectin mass drug
administration for malaria transmission control across different West African environments. Malar J 2014 Nov 03;13:417
[FREE Full text] [doi: 10.1186/1475-2875-13-417] [Medline: 25363349]

Ouédraogo AL, Bastiaens GJH, Tiono AB, Guelbéogo WM, Kobylinski KC, Ouédraogo A, et a. Efficacy and safety of
the mosquitocidal drug ivermectin to prevent malaria transmission after treatment: a double-blind, randomized, clinical
trial. Clin Infect Dis 2015 Feb 01;60(3):357-365. [doi: 10.1093/cid/ciu797] [Medline: 25414262]

Foy BD, Alout H, Seaman JA, Rao S, Magalhaes T, Wade M, et al. Efficacy and risk of harms of repeat ivermectin mass
drug administrations for control of malaria(RIMDAMAL): a cluster-randomised trial. The Lancet 2019
Apr;393(10180):1517-1526. [doi: 10.1016/s0140-6736(18)32321-3]

Hayes RJ, Moulton LH. Cluster Randomised Trials, Second Edition. In: Chapman and Hall/CRC. Florida, USA: Chapman
and Hall/CRC; 2017.

Pinder M, Conteh L, Jeffries D, Jones C, Knudsen J, Kandeh B, et al. The RooPfs study to assess whether improved housing
provides additional protection against clinical malaria over current best practice in The Gambia: study protocol for a
randomized controlled study and ancillary studies. Trials 2016 Jun 03;17(1):275 [FREE Full text] [doi:
10.1186/s13063-016-1400-7] [Medline: 27255167]

Mwesigwa J, Achan J, Di TannaGL, AffaraM, JawaraM, Worwui A, et al. Residual malariatransmission dynamics varies
across The Gambia despite high coverage of control interventions. PLoS One 2017 Nov 2;12(11):e0187059 [FREE Full
text] [doi: 10.1371/journal.pone.0187059] [Medline: 29095834

https://www.researchprotocol s.org/2020/11/e20904 JMIR Res Protoc 2020 | vol. 9 | iss. 11| €20904 | p. 8

(page number not for citation purposes)


https://malariajournal.biomedcentral.com/articles/10.1186/s12936-015-0829-6
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-015-0829-6
http://dx.doi.org/10.1186/s12936-015-0829-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26268225&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-018-2506-x
http://dx.doi.org/10.1186/s13063-018-2506-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29463288&dopt=Abstract
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-8-274
http://dx.doi.org/10.1186/1475-2875-8-274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19954532&dopt=Abstract
https://www.who.int/docs/default-source/documents/publications/role-of-mass-drug-administration-mass-screening-and-treatment-and-focal-screening-and-treatment-for-malaria.pdf?sfvrsn=968fdeb1_1
https://www.who.int/docs/default-source/documents/publications/role-of-mass-drug-administration-mass-screening-and-treatment-and-focal-screening-and-treatment-for-malaria.pdf?sfvrsn=968fdeb1_1
https://www.who.int/docs/default-source/documents/publications/role-of-mass-drug-administration-mass-screening-and-treatment-and-focal-screening-and-treatment-for-malaria.pdf?sfvrsn=968fdeb1_1
https://www.who.int/malaria/publications/atoz/9789241513104/en/
https://www.who.int/malaria/publications/atoz/9789241513104/en/
http://dx.doi.org/10.1046/j.1365-2125.2003.02004.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14998421&dopt=Abstract
http://europepmc.org/abstract/MED/30620055
http://dx.doi.org/10.1002/14651858.CD006404.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30620055&dopt=Abstract
http://europepmc.org/abstract/MED/30304511
http://dx.doi.org/10.1093/cid/ciy870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30304511&dopt=Abstract
http://europepmc.org/abstract/MED/26013371
http://dx.doi.org/10.4269/ajtmh.14-0254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26013371&dopt=Abstract
http://europepmc.org/abstract/MED/27923947
http://dx.doi.org/10.1093/infdis/jiw416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27923947&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(19)30633-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31948767&dopt=Abstract
http://dx.doi.org/10.1016/S1473-3099(18)30163-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29602751&dopt=Abstract
https://www.who.int/malaria/mpac/mpac-sept2016-invermectin-session9.pdf?ua=1
https://www.who.int/malaria/mpac/mpac-sept2016-invermectin-session9.pdf?ua=1
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-015-0691-6
http://dx.doi.org/10.1186/s12936-015-0691-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26068560&dopt=Abstract
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-13-417
http://dx.doi.org/10.1186/1475-2875-13-417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25363349&dopt=Abstract
http://dx.doi.org/10.1093/cid/ciu797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25414262&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(18)32321-3
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-016-1400-7
http://dx.doi.org/10.1186/s13063-016-1400-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27255167&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0187059
https://dx.plos.org/10.1371/journal.pone.0187059
http://dx.doi.org/10.1371/journal.pone.0187059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29095834&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Dabiraet d

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

Hofmann N, MwingiraF, Shekalaghe S, Robinson LJ, Mueller I, Felger |. Ultra-sensitive detection of Plasmodium falciparum
by amplification of multi-copy subtelomeric targets. PLoS Med 2015 Mar 3;12(3):€1001788 [FREE Full text] [doi:
10.1371/journal.pmed.1001788] [Medline: 25734259]

Daniels R, Ndiaye D, Wall M, McKinney J, Séne PD, Sabeti PC, et a. Rapid, Field-Deployable Method for Genotyping
and Discovery of Single-Nucleotide Polymorphisms Associated with Drug Resi stance in Plasmodium fal ciparum. Antimicrob.
Agents Chemother 2012 Mar 19;56(6):2976-2986. [doi: 10.1128/aac.05737-11]

Detinova TS. Age-grouping methods in Diptera of medical importance with special reference to some vectors of malaria.
Monogr Ser World Health Organ 1962;47:13-191. [Medline: 13885800]

Mboera LE, Kihonda J, Braks MA, Knols BG. Short report: Influence of centers for disease control light trap position,
relative to a human-baited bed net, on catches of Anopheles gambiae and Culex quinquefasciatus in Tanzania. Am J Trop
Med Hyg 1998 Oct;59(4):595-596. [doi: 10.4269/5jtmh.1998.59.595] [Medline: 9790436]

Schulz J, Coulibaly J, Schindler C, Wimmersberger D, Keiser J. Pharmacokinetics of ascending doses of ivermectin in
Trichuristrichiura-infected children aged 2-12 years. J Antimicrob Chemother 2019 Jun 01;74(6):1642-1647 [ FREE Full
text] [doi: 10.1093/jac/dkz083] [Medline: 30859185]

Tetelbaum M, Finkelstein Y, Nava-Ocampo AA, Koren G. Back to basics: understanding drugsin children: pharmacokinetic
maturation. Pediatr Rev 2005 Sep 01;26(9):321-328. [doi: 10.1542/pir.26-9-321] [Medline: 16140874]

Smit MR, Ochomo E, Aljayyoussi G, Kwambai T, Abong'o B, Bayoh N, et al. Efficacy and Safety of High-Dose | vermectin
for Reducing Malaria Transmission (IVERMAL): Protocol for a Double-Blind, Randomized, Placebo-Controlled,
Dose-Finding Trial in Western Kenya. IMIR Res Protoc 2016 Nov 17;5(4):€213 [FREE Full text] [doi: 10.2196/resprot.6617]
[Medline: 27856406]

Wu L, Hall T, Ssewanyanal, Oulton T, Patterson C, VasilevaH, et al. Optimisation and standardisation of a multiplex
immunoassay of diverse Plasmodium fal ci parum antigensto assess changesin malariatransmission using sero-epidemiol ogy.
Wellcome Open Res 2019 Feb 8;4:26 [FREE Full text] [doi: 10.12688/wellcomeopenres.14950.1]

Kobylinski KC, Jittamala P, Hanboonkunupakarn B, Pukrittayakamee S, Pantuwatana K, Phasomkusolsil S, et al. Safety,
Pharmacokinetics, and Mosquito-L ethal Effects of 1vermectin in Combination With Dihydroartemisinin-Piperaguine and
Primaguine in Healthy Adult Thai Subjects. Clin Pharmacol Ther 2020 May 27;107(5):1221-1230 [FREE Full text] [doi:
10.1002/cpt.1716] [Medline: 31697848]

The lvermectin Roadmappers. A Roadmap for the Development of 1vermectin asa Complementary Malaria Vector Control
Tool. Am J Trop Med Hyg 2020 Feb;102(2s):3-24 [EREE Full text] [doi: 10.4269/ajtmh.19-0620] [Medline: 31971144]
How to Design Vector Control Efficacy Trials. World Health Organization. URL : http://apps.who.int/irig/bitstream/handl e/
10665/259688/
WHO-HTM-NTD-VEM-2017.03-eng.pdf;jsessionid=05666BE1B 76 F2FFD 3C5A 3F8FF52C6CD8?sequence=1%0Ahttp:/
[apps.who.int/iris/bitstream/10665/259688/ L/WHO-HTM-NTD-VEM-2017.03-eng.pdf 2ua=1 [accessed 2020-05-31]
Wolbers M, Kleinschmidt I, Simmons CP, Donnelly CA. Considerationsin the design of clinical trials to test novel
entomological approaches to dengue control. PLoS Negl Trop Dis 2012 Nov 29;6(11):€1937 [FREE Full text] [doi:
10.137V/journal.pntd.0001937] [Medline: 23209869]

Stevenson JC, Stresman GH, Baidjoe A, Okoth A, Oriango R, OwagaC, et a. Use of different transmission metricsto
describe malaria epidemiol ogy in the highlands of western Kenya. Malar J 2015 Oct 26;14(1):418 [FREE Full text] [doi:
10.1186/s12936-015-0944-4] [Medline: 26502920]

Tusting L, Bousema T, Smith D, Drakeley C. Measuring changes in Plasmodium falciparum transmission: precision,
accuracy and costs of metrics. Adv Parasitol 2014;84:151-208 [ FREE Full text] [doi: 10.1016/B978-0-12-800099-1.00003-X]
[Medline: 24480314]

Perraut R, VarelaM, Loucoubar C, Niass O, Sidibé A, Tall A, et a. Serological signatures of declining exposure following
intensification of integrated malaria control in two rural Senegalese communities. PLoS One 2017 Jun 13;12(6):e0179146
[EREE Full text] [doi: 10.1371/journal.pone.0179146] [Medline: 28609450]

Tshefu A, Gaye O, Kayentao K, Thompson R, Bhatt K, Sesay S, et al. Efficacy and safety of afixed-dose oral combination
of pyronaridine-artesunate compared with artemether-lumefantrine in children and adults with uncomplicated Plasmodium
falciparum malaria: arandomised non-inferiority trial. The Lancet 2010 Apr;375(9724):1457-1467 [FREE Full text] [doi:
10.1016/s0140-6736(10)60322-4]

Khagayi S, Desai M, Amek N, Were V, Onyango E, Odero C, et al. Modelling the relationship between malaria prevalence
as ameasure of transmission and mortality across age groups. Malar J 2019 Jul 23;18(1):247 [EREE Full text] [doi:
10.1186/s12936-019-2869-9] [Medline: 31337411]

Abbreviations

ACT: artemisinin-based combination therapy
CDC: Centersfor Disease Control and Prevention
DP: dihydroartemisinin-piperaquine

DSMB: data and safety monitoring board

https://www.researchprotocol s.org/2020/11/e20904 JMIR Res Protoc 2020 | vol. 9 | iss. 11| 20904 | p. 9

(page number not for citation purposes)


https://dx.plos.org/10.1371/journal.pmed.1001788
http://dx.doi.org/10.1371/journal.pmed.1001788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25734259&dopt=Abstract
http://dx.doi.org/10.1128/aac.05737-11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13885800&dopt=Abstract
http://dx.doi.org/10.4269/ajtmh.1998.59.595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9790436&dopt=Abstract
http://europepmc.org/abstract/MED/30859185
http://europepmc.org/abstract/MED/30859185
http://dx.doi.org/10.1093/jac/dkz083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30859185&dopt=Abstract
http://dx.doi.org/10.1542/pir.26-9-321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16140874&dopt=Abstract
https://www.researchprotocols.org/2016/4/e213/
http://dx.doi.org/10.2196/resprot.6617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27856406&dopt=Abstract
https://wellcomeopenresearch.org/articles/4-26/v1
http://dx.doi.org/10.12688/wellcomeopenres.14950.1
http://europepmc.org/abstract/MED/31697848
http://dx.doi.org/10.1002/cpt.1716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31697848&dopt=Abstract
http://europepmc.org/abstract/MED/31971144
http://dx.doi.org/10.4269/ajtmh.19-0620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31971144&dopt=Abstract
http://apps.who.int/iris/bitstream/handle/10665/259688/WHO-HTM-NTD-VEM-2017.03-eng.pdf;jsessionid=05666BE1B76F2FFD3C5A3F8FF52C6CD8?sequence=1%0Ahttp://apps.who.int/iris/bitstream/10665/259688/1/WHO-HTM-NTD-VEM-2017.03-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/handle/10665/259688/WHO-HTM-NTD-VEM-2017.03-eng.pdf;jsessionid=05666BE1B76F2FFD3C5A3F8FF52C6CD8?sequence=1%0Ahttp://apps.who.int/iris/bitstream/10665/259688/1/WHO-HTM-NTD-VEM-2017.03-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/handle/10665/259688/WHO-HTM-NTD-VEM-2017.03-eng.pdf;jsessionid=05666BE1B76F2FFD3C5A3F8FF52C6CD8?sequence=1%0Ahttp://apps.who.int/iris/bitstream/10665/259688/1/WHO-HTM-NTD-VEM-2017.03-eng.pdf?ua=1
http://apps.who.int/iris/bitstream/handle/10665/259688/WHO-HTM-NTD-VEM-2017.03-eng.pdf;jsessionid=05666BE1B76F2FFD3C5A3F8FF52C6CD8?sequence=1%0Ahttp://apps.who.int/iris/bitstream/10665/259688/1/WHO-HTM-NTD-VEM-2017.03-eng.pdf?ua=1
https://dx.plos.org/10.1371/journal.pntd.0001937
http://dx.doi.org/10.1371/journal.pntd.0001937
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23209869&dopt=Abstract
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-015-0944-4
http://dx.doi.org/10.1186/s12936-015-0944-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26502920&dopt=Abstract
http://europepmc.org/abstract/MED/24480314
http://dx.doi.org/10.1016/B978-0-12-800099-1.00003-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24480314&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0179146
http://dx.doi.org/10.1371/journal.pone.0179146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28609450&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140673610603224
http://dx.doi.org/10.1016/s0140-6736(10)60322-4
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-019-2869-9
http://dx.doi.org/10.1186/s12936-019-2869-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31337411&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Dabiraet d

IPTp: intermittent preventive treatment during pregnancy
IRS: indoor residual spraying

ITN: insecticide-treated net

IVM: ivermectin

LSHTM: London School of Hygiene and Tropical Medicine
MDA: mass drug administration

PBS: phosphate-buffered saline

PCR: polymerase chain reaction

gPCR: quantitative polymerase chain reaction

QTc: ratecorrected QT interval on an electrocardiogram
RDT: rapid diagnostic test

SMC: seasonal chemoprevention

URR: upper river region

varATS: var Gene acidic terminal sequence
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