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ABSTRACT

Asymptomatic gametocytemic carriers serve potential harbour for Plasmodium falciparum
gametocyte stage V, and a threat for malaria transmission from infected humans to Anopheles
mosquitoes. Therefore, it is important to optimise direct membrane feeding assays (DMFAs)
to evaluate transmission blocking interventions (TBIs) on the infectiousness of wild P.
falciparum gametocytes to Anopheles mosquitoes. This study assessed the impact of
artemether-lumefantrine (AL) treatment, mosquito feeding time (day vs. night), and serum
replacement on the infectiousness of wild P. falciparum gametocytes to Anopheles gambiae
sensu stricto (s.s) mosquitoes. To conduct this experiment, 6 gametocytemic carriers were
found to be eligible and donated 4 mL of venous blood. This blood was offered to female
Anopheles gambiae s.s mosquitoes via DMFA under controlled conditions. Oocyst prevalence
and intensity were determined on fed mosquitoes: 1) 9 days post AL treatment, 2) day versus
night feeds, and 3) with and without serum replacement. Mosquito infection rates declined
post-AL treatment, with significantly fewer mosquitoes infected (odds ratio (OR) = 0.20, 95%
confidence interval (CI) = 0.13-0.31, p=0.001) compared to day 0. Feeding during the
mosquito night-time did not significantly affect mosquito infection rates (OR=0.77, 95% CI:
0.53-1.12, p=0.175). Lastly, serum replacement increased infection rates (OR = 1.73, 95% CI:
1.33-2.25, p = 0.001) compared to whole blood. In conclusion, we confirm that DMFA should
be conducted using blood from gametocytemic participants without a recent history of AL
treatment, using serum replacement to enhance infection success. In this setting, assays could

be conducted during the daytime without affecting results.
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CHAPTER ONE
INTRODUCTION
1.1 Background of the Problem

Despite substantial progress in reducing malaria-related morbidity and mortality, the disease
continues to affect millions of people annually, 249 million cases and 608 000 deaths, the
majority from the WHO Africa Region (WHO, 2023). Although partial emergence resistance
to artemether—lumefantrine (AL) has emerged in regions such as South-Eastern Asia, Uganda,
and Rwanda, primarily due to the slow clearance of lumefantrine, which suppresses drug-
sensitive parasites while allowing resistant parasites to survive and continue transmission
(Witmer et al., 2020). Artemether-lumefantrine (AL) is recommended as a first-line malaria
treatment in endemic areas due to its safety profile across different age groups and efficacy
against P. falciparum asexual (merozoites, trophozoites, and schizonts) and immature
gametocyte stages I-IV. However, it has little effect on mature gametocytes, rendering them
sterile and thereby reducing the transmission of the parasite to the mosquitoes (Makanga, 2014;
Makanga & Krudsood, 2009; Ngasala et al., 2024). This action prevents further development

of gametocytes, the sexual forms that are infectious to mosquitoes.

The global push toward malaria elimination has intensified efforts to explore novel strategies
for reducing human-to-mosquito transmission. Among these strategies are transmission-
blocking interventions (TBIs), such as transmission-blocking drugs (TBD), transmission-
blocking vaccines (TBVs), and genetically modified mosquitoes (Yu et al., 2022), which target
different stages of the malaria parasite, including sporozoites and ookinete and the gametocyte
stage responsible for infecting mosquitoes, thereby breaking the transmission cycle. To
evaluate the efficacy of these tools, a well-established facility staffed with skilled microscopists
and equipped with the necessary instruments for effective evaluation of transmission, ensuring
robust results. Unfortunately, malaria transmission is gradually decreasing, necessitating the
need to optimise membrane feeding assays to utilise the gametocytemic carriers in evaluating

TBIs.

Evaluation of TBI’s in low malaria endemic countries is difficult and gives contradicting
results. For example, Goncalves et al. showed that only one participant transmitted infection

to mosquitoes 7 days post-treatment, compared to the participants who received AL and
1



primaquine drug were not transmitted (Gongalves et al., 2016). Results from a more recent
trial in Mali showed that by day 5, no gametocytemic carriers infected mosquitoes post-
treatment with AL, similar to participants administered with AL and primaquine (Mahamar et

al., 2024).

Parasites have developed complex strategies to manipulate their hosts, enhancing transmission
and ensuring survival. For instance, Wuchereria bancrofti, the causative agent of lymphatic
filariasis, increases its presence in human peripheral circulation at dusk, aligning with the peak
feeding time of Culex mosquitoes, thereby increasing the chances of transmission (Hawking,
1967). Similarly, previous studies found that mosquitoes fed with gametocytes at dusk had
higher oocyst intensity than those fed at dawn, as this period coincides with increased mosquito
susceptibility to malaria parasites (Coulibaly ef al., 2017; Habtewold et al., 2019). These
adaptive mechanisms are governed by interactions between parasites and their hosts, including
mosquito metabolism and immunity (Bento ef al., 2025; Murdock et al., 2013; Rund et al.,
2016; Reece, 2017). It is possible that feeding mosquitoes during the day, as is commonly done
for DMFA, could affect the results of DMFA, as mosquito metabolism and immunity are

governed by circadian rhythms (Murdock et al., 2013; Rund et al., 2016; Reece, 2017).

In cultured Plasmodium malaria parasites, it is known that dark feeding improves the likelihood
of mosquito infectivity (Bento ef al., 2025; Habtewold, 2022; Habtewold et al., 2019). Also,
it has been reported that the majority of DMFA procedures are typically conducted during the
day (Gongalves et al., 2017; Mahamar ef al., 2024; Omondi ef al., 2019; Stone et al., 2013)
and have proven to be effective in malaria transmission, although mosquitoes are most active
in the late evening and night. However, the effect of nighttime feeding on the infectivity of
wild P. falciparum gametocytes using laboratory DMFAs during the low malaria transmission

season is still unknown.

Direct membrane feeding assay (DMFA), direct skin feeding (DSF), and standard membrane
feeding assay (SMFA) are assays used for the evaluation of transmission-blocking, where
mosquito infectiousness is assessed. Of these, DMFA is the only procedure where serum
replacement is done. This is a procedure where donor serum is replaced with naive AB serum.
Their potentiality is based on the removal of transmission-blocking attributes that may hinder

infectivity by replacing them with malaria naive AB serum repeated assays with a large number



of mosquitoes being infected. More than 212 membrane-feeding experiments have been

conducted and have proven that mosquito infectivity is enhanced (Bousema ef al., 2012).

As well as mosquito immunity, DMFA is affected by human immune factors. Serum
replacement is performed as part of DMFA to remove potential host malaria-immune factors,
such as complement proteins, pro-inflammatory cytokines such as tumour necrosis factor-a and
interleukin (Bousema et al., 2012; Naotunne et al., 1993) and antimalarial metabolites. These
factors may decrease gametocyte viability or disrupt gamete fertilisation and ookinete
development in the mosquito midgut. However, malaria-naive serum in malaria-endemic
countries is extremely expensive to conduct serum replacement. It is known that immunity is
likely to wane following a decrease in malaria endemicity, thereby increasing the likelihood of

mosquitoes’ infectivity.

This study explored potential sources of variation in DMFAs and ways to make them more
cost-effective in an area of falling malaria transmission. Specifically, the study assessed 1)
whether participants who were initially infectious to mosquitoes remained infectious post-
treatment with AL, 2) whether the timing of DMFA conduct could be optimised to maximise
mosquito infectiousness, and 3) whether will be effect of serum replacement would be effective

in areas that have changed from moderate to low endemicity at low transmission season
1.2 Statement of the Problem

For a mosquito to become infectious, it must feed on blood containing the mature stage of the
malaria parasite, known as gametocytes (Bennink et al., 2016; Hillyer et al., 2007a; Smith et
al., 2014) which then develop within the mosquito’s body to sporozoites. Various control
strategies are designed to interfere with this process to produce Plasmodium-free mosquitoes.
These strategies are collectively referred to as transmission-blocking interventions (TBI).
Currently, TBIs under development include drugs (Kone et al., 2010; Mahamar et al., 2024;
Stone et al., 2022), vaccines (Alkema et al., 2024), insecticides (Kristan et al., 2016;
Kweyamba et al., 2023) and the use of genetically modified mosquitoes (Dong et al., 2011;

Kyrou et al., 2018) that are resistant to malaria parasite infection.

To assess the efficacy of TBIs, it is crucial to have a standard platform capable of conducting
these evaluations and producing reliable findings. These evaluations involve experimentally

feeding mosquitoes with blood containing gametocytes and observing their development over
3



a period of 8 days, and confirm that parasites have the potential to infect mosquitoes. A well-
developed laboratory evaluation of these tools can be conducted using laboratory-cultured
malaria parasites in a procedure known as the standard membrane feeding assay (SMFA).
However, this may not accurately represent what occurs in real-world situations, where malaria
parasites can exhibit different genetic variability. In Bagamoyo, a Category II transmission
facility was established to conduct evaluations using cultured or naturally occurring malaria
parasites through a procedure known as direct membrane feeding assay (DMFA). However,
eligible gametocytemic carriers carrying stage V P. falciparum gametocytes that can be
recruited for evaluation of TBIs are scarce in the field. This is because asymptomatic carriers
do not show any symptoms, which leads them not to seek health care. Thus, mass screening is
required to obtain asymptomatic gametocytemic individuals who are eligible for evaluation of
TBI. Also, there is limited evidence on the impact of day and night feeding and serum
replacement on the infectiousness of wild P. falciparum gametocytes to An. gambiae sensu
stricto mosquitoes in a moderate to low malaria transmission setting during the low

transmission season.

Therefore, this study aims at optimising DMFAs by evaluating the impact of AL, circadian
rhythm and serum replacement on the infectiousness of wild P. falciparum gametocytes to An.

gambiae s.s mosquitoes.
1.3 Rationale of the Study

Malaria elimination requires innovative approaches to reduce human-to-mosquito transmission
if elimination of the disease is to be realised. particularly in endemic settings. The refinement
of laboratory assays to evaluate factors that may affect infectiousness, such as the effect of AL
treatment, circadian rhythm and serum replacement, is essential for developing evidence-based
strategies. This study contributes to the growing body of knowledge on effective evaluation of
TBIs by addressing critical issues in optimising assay techniques and improving their relevance

for malaria control programs.



1.4 Research Objectives
1.4.1 General Objective

To assess the impact of artemether-lumefantrine treatment, circadian rhythm and serum
replacement on the infectiousness of wild P. falciparum gametocytes to An. gambiae s.s

mosquitoes
1.4.2 Specific Objectives
This study was pursued to achieve the following specific objectives:

(1)  To assess the effect of AL on the infectiousness of wild P. falciparum gametocytes to

An. gambiae s.s mosquitoes.

(i1)) To assess the effect of day and night-time feeding on the infectiousness of wild P.

falciparum gametocytes to An. gambiae s.s mosquitoes.

(ii1)) To assess the effect of serum replacement on the infectiousness of wild P. falciparum

gametocytes to An. gambiae s.s mosquitoes.
1.5 Research Questions

(1) What is the proportion of mosquitoes infected on day 9 after AL administration relative

to day 0?

(i) ~ What is the proportion of mosquitoes infected when fed blood at night compared to

those fed in the daytime?

(111)  What is the proportion of infected mosquitoes fed on blood with serum replacement

technique compared to whole blood?
1.6  Significance of the Study

The study addresses the need to explore factors influencing mosquito infection rates, the study
provides critical insights for optimising existing membrane feeding assays on the evaluation of

mosquito infectiousness.



1.7  Delineation of the Study

This study is crucial as it addresses the need to optimise the existing mosquito infection assay
to evaluate the efficacy of TBI. Recent publications focus on determining the persistence of
sub-microscopic densities post-treatment, which have limited evidence with mixed results on
mosquito infectiousness. Additionally, no studies have been done to explain whether mosquito
infectiousness varies depending on the timing of ingesting gametocytemic blood. This research
aims to contribute vital insights into how best we can optimise the existing membrane feeding
assays for the evaluation of mosquito infectiousness. Further researches are required to enhance

the generalisation of the findings.



CHAPTER TWO
LITERATURE REVIEW
2.1  Epidemiology of Malaria

Malaria remains a major public concern globally. It accounts for 246 million cases of malaria
in 2023, resulting in an estimated 569 000 deaths. Notably, in Africa, around 94% of all
malaria-related deaths occur in the WHO African Region, with vulnerable groups, particularly
children under five and pregnant women, accounting for 76% of the deaths in this region
(WHO, 2024). Moreover, Tanzania, as one of the Sub-Saharan African countries, contributes
3.1% of the global burden (Coalson et al., 2016), where 8% of cases are among children aged
6-59 months (National Bureau of Statistics [NBS] ef al., 2023). Underlying risks include poor
housing conditions, the presence of heavy rainfall accompanied by high humidity and hot
temperatures, and poor economic status (NBS et al., 2023; Mukabana et al., 2025), mobility of
people from one country to another, and demographic factors such as the presence of school-

aged children (Mlugu ef al., 2020; Yimam ef al., 2021).
2.2 Malaria Vectors and Parasite Life Cycle

The disease is caused by the Plasmodium ssp parasite and transmitted by Anopheles mosquitoes
from one infected human to another. The most efficient malaria vectors in Africa are the An.
gambiae s.1. and An. funestus groups (Sinka et al., 2012). In Africa, within the An. gambiae s.1.
group, the key sibling species are An. gambiae s.s., An. coluzzii, and An. arabiensis (Odero et
al., 2023), while in the An. funestus group, the most efficient sibling species is An. funestus s.s.

(Kaindoa et al., 2017; Matowo et al., 2021).

Anopheles mosquito bites the infected individual and ingests the infective stage of the malaria
parasite known as a gametocyte (Christian., 2016; Smalley & Sinden, 1977). The ingested
gametocyte travels to the mosquito midgut, where male and female gametocytes fuse to form
a zygote. A zygote then becomes an elongated ookinete, which is motile and penetrates the
mosquito's midgut wall, eventually forming a round, bulky ball called an oocyst. The oocyst
ruptures and releases sporozoites, which make their way to the salivary glands of the mosquito.
At this stage, the mosquito is considered to be infective, and during the next blood feeding on

a human, these Plasmodium sporozoites are injected into the human skin and initiate another
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cycle. In humans, these parasites travel to the liver, undergo asexual replication (sporozoites to
chizont) in 10-14 days. Within the liver cells, schizonts rupture and differentiate into merozoite
daughter cells, which travel through the bloodstream and infect the red blood cells (RBCs).
Thus, a proportion of asexually replicating parasites undergoes a developmental switch that
diverts them from the asexual parasites to sexual parasites. Sexual differentiation leads to the
development of gametocytes, the exclusive transmission stages enabling parasite transfer to the

mosquito vector (Bennink et al., 2016; Hillyer et al., 2007b; Smith et al., 2014).
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Figure 1: Life of a Plasmodium. Source: (CDC, 2023)
23 Transmission Blocking Interventions

The parasite completes its life cycle between humans and female mosquitoes; in each of these

hosts, different forms exist. Anopheles mosquitoes can only be infected if they ingest an



adequate number of mature gametocytes present in the blood. To block transmission, it is
necessary to reduce the number of mosquitoes that become infected with the parasite. A TBI
is a collective term that refers to any of the control approaches that result in halting the
transmission of malaria parasites from humans to mosquitoes. This includes TBDs such as
tafenoquine and primaquine, which kill gametocytes (Bradley et al., 2019; Gongalves et al.,
2016; Stone et al., 2022). Secondly, TBVs which operate inside the mosquito midgut after the
mosquito feeds on the blood of a vaccinated individual. The TBVs stimulate the body to
produce antibodies which work inside mosquito body by preventing fertilization of the
gametocytes or midgut invasion (Carter ef al., 2016; Goodman & Draper, 2010; Richie & Saul,
2002). Third, genetically modified mosquitoes that block the development of malaria parasite
oocyst in the mosquito midgut (Yu et al., 2022).

2.4  Factors Influencing the Mosquito’s Ability to Transmit Malaria

The infectiousness of gametocytes to mosquitoes depends on several factors, including
gametocyte density (Churcher ef al., 2013) maturity (Lensen ef al., 1999), the presence of
antimalarial drugs (Bousema et al., 2010; Butcher, 1997; Kone ef al., 2010), additional blood
meal (Hofer et al., 2024), patient immunity against gametocytes (Bousema et al., 2012) and
feeding time (Schneider ef al., 2018). For example, a study done in Burkina Faso proved that
the higher count of gametocyte density in peripheral blood and skin tissue leads to an increase
in mosquito infection rate (Meibalan et al., 2019). Normally, in a laboratory infection
experiment, mosquitoes are fed with infectious blood once. In Tanzania, an additional blood
meal where mosquitoes were given another blood meal containing P. falciparum gametocyte
stage V three days later increased the development of oocyst and sporozoites and appeared
larger in size compared to mosquitoes infected with a single blood meal (Hofer ef al., 2024). It
is therefore assumed that the nutrients from the additional blood increase the parasite’s extrinsic

incubation period.

According to the WHO, AL is recommended as the first-line treatment for malaria in endemic
settings (WHO, 2010). Previous studies have proven that AL is efficacious in clearing asexual
and immature gametocytes (Chawla, 2021; Ngasala ef al., 2024; Ngotho et al., 2019; Smith et
al., 2014; Sutherland, 2005). A recent trial done in Mali demonstrated that two participants
administered with AL alone were infectious on day 2 post treatment, but none were infectious

on day 7. In contrast, some of the participants treated with a combination of Sulfadoxine-
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pyrimethamine and amodiaquine remained infectious to mosquitoes up to day 7 (Mahamar et
al., 2024). Similarly, a study done in Kenya proved that AL significantly reduced gametocyte
prevalence 85.1% (126/148) at day 0 to 7.04% (5/71) at day 42 post-treatment in comparison
to the baseline (Omondi et al., 2019). However, there is limited evidence regarding the
persistence of sub microscopic gametocyte densities post-treatment that can lead to mosquito
infectiousness. Thus, upon optimising existing assays towards re-using gametocytemic carriers

in mosquito infectiousness experiments, further evaluations are recommended.

Circadian rhythm refers to the behavioural or physiological patterns in mosquitoes that arise
from the circadian clock and are often entrained by environmental cues such as light—dark
cycles, i.e., nocturnal biting activity, time-of-day variation in susceptibility to parasite infection
and rhythmic changes in immune defence and gut permeability (Schneider et al., 2018). Whilst
the circadian clock refers to the internal biological time-keeping system in organisms (Rijo-
Ferreira ef al., 2017; Rijo-Ferreira & Takahashi, 2019). Moreover, infection intensity is at the
peak during the night, a time that corresponds to the active feeding period of A. gambiae
mosquitoes. Nevertheless, a circadian clock study demonstrated the effect of the circadian
clock on the lab-reared An. gambiae mosquito susceptible strain, using P. falciparum cultured
gametocyte yielded higher infection at night compared to daytime (Habtewold, 2022).
Similarly, a study done in showed a peak count of sporozoites at night compared to daytime in
mice infected with blood containing P. bergehei cultured gametocyte (Bento et al., 2025).
Contrary to the study done in Mali, which demonstrated that through DSF wild-caught 4.
gambie mosquitoes and fed on blood P. falciparum wild gametocytes, yielded higher infection
on dusk than at dawn because feeds for dusk feeding was done on the baseline, while dusk
feeding was done 2 days later (Coulibaly et al., 2017) led to such variability in infectivity.
Although the efficacy of the laboratory-controlled experiments is potential towards assessing
the effect of circadian rhythm. However, the use of DMFA in assessing the effect of nighttime
feeding using wild P. falciparum gametocyte stage V is unknown. Additionally, host immunity
decreases the infectiousness of Plasmodium parasites to mosquitoes, thereby reducing
transmission potential. Mosquitoes that feed on immune, gametocytemic carriers are less likely
to acquire and transmit malaria, thereby reducing the overall transmission cycle. This was
experimentally demonstrated in DMFAs, where the participant's serum containing antibodies
was removed. More than 212 membrane-feeding experiments have shown that serum obtained

from the blood contains. P. falciparum gametocyte stage V and replaced with malaria naive
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serum to an increase in the number of infected mosquitoes (Bousema et al., 2012). However,
the effect of serum replacement in a moderate to low malaria transmission setting during the

low malaria transmission season is unknown.
2.5  Mosquito Strains for Testing Transmission-Blocking Interventions

Laboratory-reared mosquitoes that are well adapted to membrane feeding and demonstrate
reasonable survival by day 16 are particularly important for the feeding assay. These
mosquitoes allow researchers to study various aspects of mosquito biology, behaviour, and
their role in disease transmission. For the mosquito feeding assay, these mosquitoes are
preferred for several compelling reasons. Firstly, they are specifically adapted to membrane-
feeding assays (Bousema et al., 2012), which are essential for studying mosquito and malaria
parasite interactions. Secondly, laboratory-reared specimens are much more accessible than
wild mosquitoes (Leite et al., 2024). Researchers can easily obtain these mosquitoes in
sufficient quantities for experimentation, facilitating larger sample sizes and more replicable
studies (Spitzen & Takken, 2005). This accessibility also allows for better standardisation
across different research projects, enhancing the overall quality and comparability of the
findings. Additionally, laboratory-reared mosquitoes are disease-free, eliminating the risk of
introducing pathogens that could confound research outcomes. This is particularly important
for studies focused on DSF, as it ensures a controlled environment where variables can be

accurately measured.
2.6 Method used for Evaluation of TBI

The efficacy of TBI in blocking parasite multiplication in mosquitoes is assessed by measuring
the reduction in infection rate (the proportion of mosquitoes carrying at least one oocyst) and
infection intensity (the number of oocysts per mosquito) from feeding assays. Mosquito feeding

assays through DMFAs, SMFAs and DSF are among the methods used for this evaluation.

In SMFA, lab-cultured malaria parasites are used as a source of infection (van der Kolk ef al.,
2005a,2006). This mixture is then placed in a feeding cup covered with an artificial membrane.
In DMFA, venipuncture blood obtained from gametocytemic carriers is fed to laboratory-
reared mosquitoes. And, DSF refers to a method by which mosquitoes feed on blood directly

from the skin of a gametocytemic carrier.
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Direct membrane feeding assay has the following advantages: a) assesses the infectiousness of
naturally infected individuals, b) repeated assays with a large number of mosquitoes, c¢) allows
the removal of patient transmission blocking immunity and d) practical, acceptable methods
across different age groups. Potential confounders, such as the effect of drugs and transmission-
blocking components, can be removed. However, the disadvantages of DMFA are: a) in case
the feeding temperature is not maintained at 37 °C, gametocytes may exflagellate before being

administered to mosquitoes, and b) it is very expensive and time-consuming.

The SMFA has the following advantages: a) Ideal for testing transmission-blocking vaccines,
monoclonal antibodies, drugs, or sera, b) highly standardised and reproducible (van der Kolk
et al., 2005b). Direct skin feeding (DSF) has the following advantages: a) mimics the natural
feeding, b) no waiting time between drawing the sample from gametocytemic carriers and
feeding it to mosquitoes, c¢) there is no need to draw blood from volunteers using venipuncture.
The disadvantages of DSF are a) not ethically and less practically acceptable to young age
individuals (Bousema et al., 2012).
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CHAPTER THREE
MATERIALS AND METHODS
3.1  Mosquito Rearing

Anopheles gambiae ss (Ifakara strain) colony is reared at the Bagamoyo branch insectary,
Kingani. These mosquitoes were maintained under standard conditions at 12:12 h dark: Light
cycle, 70£20% humidity and 27+2 °C. Larvae are fed on TetraMin® fish flakes (Tetra Ltd.,
UK) and kept at a density of 200 larvae (from L2 larval stage) per 1 L of distilled water. Adult
mosquitoes are kept in 30x30%30 cm containers and allowed to feed on 10% sucrose solution
(Hofer et al., 2023). For egg production, adult mosquitoes were given blood through the
membrane (Siria ef al., 2018). Adult mosquitoes were routinely checked for microsporidia

infections and strict hygiene measures are maintained in the insectary.
3.2 Study Site, Participants and Ethics

This laboratory-controlled study for these assays was conducted at the Malaria Transmission
Research Laboratory (MTRL) located at the Ifakara Health Institute (IHI) in Bagamoyo district,
Tanzania, between May to August 2024. The target population included males and females
aged 645 years from the villages of Wamimkoko, Miono, Chamgoi, and Kibindu. Participants
included in the study met the following criteria (i.e. asymptomatic, consented, aged 645 years,
with detectable P. falciparum gametocytes stage V only were enrolled for DMFA. Exclusion
criteria included: Not consented, (primaquine use within four weeks before this study), fever
or history of fever and evidence of severe illness. Gametocytes were quantified by counting
against 500 white blood cells in thick blood smears. Gametocyte density was calculated based
on an assumed leukocyte count of 8000 cells/uL of blood, as indicated in other studies

(Kweyamba et al., 2023; Mahamar et al., 2024; Ouattara et al., 2024).
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Figure 2: Malaria Transmission Research Laboratory
3.3 Screening Procedures

A mass test-and-treat (MTAT) approach was used to screen asymptomatic participants. Village
workers informed the community members of the date, location, and time of sensitisation
meetings, where consenting and screening would take place. Screening rounds were performed
on participants who consented to participate in the study using the malaria Rapid Diagnostic
test (mRDT) (SD BIOLONE Malaria Ag P.f/Pan (HRPII/pLDH), Standard Diagnostic, South
Korea). Briefly, finger-prick blood samples were collected, and one drop of 50ul of capillary
blood was applied to the test and run with four drops of standard buffer solution. The test was
placed on a flat surface for 15 minutes, after which a laboratory technician read the results. For
participants who tested mRDT positive, a small amount of finger-prick blood was also taken
to make thick smear slides to confirm the presence of malaria parasites. To do this, slides were
taken to the laboratories at IHI and stained for 45 minutes with 10% Giemsa stain. The slides
were then examined for the presence of asexual and sexual stages (gametocyte stage V) of P.
falciparum only using light microscopy (LM) (100xmagnification, oil immersion). Asexual
parasites (ring stages) were counted per 200 white blood cells (WBCs) and gametocytes per
500 WBCs. The slides that had no P. falciparum parasites were considered negative.
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3.4  Blood Collection, Mosquito Feeding Assay and Dissection of Mosquitoes

The next day, participants confirmed to have gametocytes on the slides were invited to the IHI
laboratory, where they donated 4ml of venous blood into Lithium-Heparin-coated vacutainers
(Vacuette®, Greiner, Kremsmiinster, Austria). The blood was then split into two aliquots, and
one aliquot was transferred into pre-warmed 1.5 mL Eppendorf tubes (Eppendorf, Germany)
and centrifuged for 3 minutes at 300 Relative Centrifugal Force and 37 °C (5702 RH,
Eppendorf, Germany). The same amount of autologous serum was replaced with pre-warmed
malaria-naive AB serum set at 37 °C (Blood Transfusion Service, Basel, Switzerland). The
malaria naive AB serum it was obtained from European donors with blood type AB who have
no prior exposure to malaria (Blood Transfusion Service in Basel, Switzerland). The other

portion of the whole blood was directly dispensed to mosquitoes.

Mosquitoes were starved for 6 hours before feeding and were infected using DMFAs as
described elsewhere (Hofer et al., 2024), in which blood was drawn from a participant and
offered to mosquitoes through a pre-heated glass feeder. In this assay, water-jacketed glass
feeders (14 mm @, Chemglass, New Jersey, USA) were covered with Parafilm® and connected
to a circulating water bath (ELMI, Switzerland) set at 39 °C. The water bath was preheated for

15 minutes before the experiment began.

Eight cups, each with 50 mosquitoes, were used per participant, including four cups for serum
replacement and an additional whole blood cup. Each feeder was filled with 300 pL of blood,
and mosquitoes were allowed to feed for 15 minutes. During feeding, the cups were covered
with a dark cloth, and the lights in the room were switched off to enhance feeding success. Post
feeding, the cups were placed in Bug Dorm plastic cages (30x30x30 cm, Megaview Science
Co., LTD, Taiwan) overnight, maintained at 75+2% relative humidity and 27+1 °C under a
12:12-hour dark-light cycle in a climatic chamber (S600PLH, Aralab, Lisbon, PortugalThe
following morning, unfed mosquitoes were removed using a mouth aspirator, and the
remaining mosquitoes were provided with cotton soaked in a 10% sucrose solution. The sugar
cotton balls were replaced daily. AL treatment was administered to participants within 24 hours
of diagnosis under parental supervision, following Tanzania’s national guidelines (MoHSW,

2006).
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Eight-day post-infection mosquitoes were dissected and midguts were stained for 8 min using
0.1% mercurochrome solution (Sigma, Switzerland) pre-examination under a compound
microscope at 40xmagnifcation for the presence of oocysts. The flow of the procedure is shown

in Fig. 3.
3.5 Study Procedures

Experiment 1: To determine the effects of antimalarial treatment on the infectivity of

gametocytes from naturally infected individuals to Anopheles gambiae s.s mosquitoes

A total of 4850 female mosquitoes were fed through DMFA on day 0 (3700) and day 9 (1150).
The DMFA with serum replacement was done on day 0, pre-administration of AL treatment.
Surviving mosquitoes were dissected for oocysts on day 8. The Second DMFA of 9 days post-
treatment was repeated with participants who infected more than 20 mosquitoes from the first
DMFA using a different batch of mosquitoes (Fig. 3). We proposed this cutoff point because
the gametocyte density for these participants was approximately 48gam/pl on day 0.

Consequently, we anticipated that there would be no infection during the second feeding.
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Figure 3: Evaluation of wild P. falciparum gametocyte infectiousness by collecting blood
and subsequent DMFA feeding on day 0 and day 9 post-treatment
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Experiment 2: To determine the effect of the time of DMFA conduct feeding on the
infectivity of gametocytes from naturally infected individuals to Anopheles gambiae s.s

mosquitoes

A total of 3300 female mosquitoes were fed through DMFA with serum replacement with
blood obtained from the same participants who were infected during the day, also infected
during the night. In total, 1750 were fed during the day (13:00-16:00) hours and 1550 at night
(19:00-22:00) hours (Fig. 4).

| Enrolment for blood donation for DMFA (n=5) |

Day Night €

\/

Mosquito dissection and scoring oocyst 8 days post infection

Figure 4: Evaluation of wild P. falciparum gametocyte infectiousness by collecting blood
and subsequent DMFA feeding on day 0 (day and night)
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Experiment 3: To determine the effect of serum replacement on the infectivity of

gametocytes from naturally infected individuals to Anopheles gambiae s.s mosquitoes

A total of 4850 female mosquitoes were fed through DMFA with blood obtained from the same
participants. In total, 3250 were fed on blood with serum replacement, and 1600 were fed on

whole blood without serum replacement.
3.6 Statistical Analysis

Data was entered in Excel (Microsoft 2016) and analysed using STATA 17 software
(StataCorp, College Station TX, USA). Descriptive statistics were used, whereby the arithmetic
mean proportion of infected mosquitoes with a 95% confidence interval (CI) was reported. For
oocyst intensity, median with minimum and maximum values were presented. Logistic
regression was used to determine the prevalence of infected mosquitoes adjusting for days
(fixed effect) and participants (random effect): 1) effect of AL, day 9 compared to day O (fixed
effect); 2) time of DMFA conduct, night compared to day (fixed effect); and 3) effect of serum
replacement compared to whole blood (fixed effect). Negative binomial regression with a log
link was conducted for oocyst intensity for all experiments with the same fixed and random

effects outlined above.
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 Results
4.1.1 Malaria Prevalence Among Study Participants

A total of 309 participants aged 6-45 years were screened for P. falciparum infection in
Chamgoi, Wamimkoko, Miono, and Kibindu villages. The gametocyte prevalence ranges from
0% (0/17) in Miono village, 1.27% (1/79) in Wamimkoko village, 3.54% (4/113) in a low
malaria transmission setting and 9% (100/100) in Kibindu village in a moderate transmission
setting. Out of 309, 131 (42%) were found to be positive for P. falciparum asexual parasites
using mRDT. Of these, 15/131 (11.5%) were found to be positive for P. falciparum
gametocytes using LM. Only 40% (6/15) each with counts exceeding 3 gametocytes/500 red
blood cells, density equivalent to 48 gametocytes per ul of blood. found to be eligible and
enrolled for DMFAs. The mean gametocytemic density among the participants at day 0 was

125 gam/pl.
4.1.2 Effects of AL on Individual Infectiousness to Mosquitoes

On day 0, all six participants (100%) infected at least one mosquito. Three participants were
invited for the second DMFA as they infected more than 20 mosquitoes from the initial DMFA.
In the second DMFA, only 1 out of 3 participants (33.3%) remained infectious. A total of 1,612
mosquitoes were dissected across two time points: 1125 on day 0 pre-treatment and 487 on day
9 post-treatment. The mean proportion of oocyst-infected mosquitoes was lower on day 9 with
0.06 (95% CI 0.04-0.09), compared to 0.17 (95% CI1 0.15-0.19) on day 0 (OR =0.20, [95% CI:
0.13-0.30], P=0.001) (Table 1). There was a significant difference in median oocyst intensity
per mosquito between day 9 with 1 (1-7) compared to day 0 with 2 (1-16) (IRR= 0.46, [95%
CI: 0.31-0.68], P=0.001) (Figs. SA and 5B; Table 1).
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Figure 5: (A, B) Effect of AL post-treatment on the proportion of infected mosquito and
oocyst intensity on An. gambiae s.s mosquito infectiousness from naturally
infected participants on day 9 compared to day 0.

4.1.3 Effect of time of Feeding on the Proportion of Infected Anopheles Gambiae s.s

Mosquitoes

A total of 867 mosquitoes were dissected during the day (13:00-16:00 hrs) and 915 during the
night (19:00-22:00 hrs). The mean proportion of oocyst-infected mosquitoes was very similar:
0.08 (95% CI: 0.06-0.09) from day-feeds and 0.06 (95% CI: 0.05-0.07) from night-feeds, with
a median of 2 oocysts per mosquito ranging from 1-16 in both cases. No evidence of a
statistical difference was found for either the prevalence of oocyst-infected mosquitoes
(OR=0.77, [95%CI:0.53-1.12], p=0.175) or oocyst intensity within mosquitoes (IRR=0.98,
[95%CI:0.72-1.34], p=0.887) between the two groups (Figs. 6A and 6B; Table 1).
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Figure 6: (A, B) Effect of circadian rhythm on the proportion of infected mosquitoes and
oocyst intensity on An. gambiae s.s mosquito infectiousness from naturally
infected participants infected during the day and night

4.1.4 Effects of Serum Replacement on Infection Rate

A total of 3394 mosquitoes were dissected, with 2160 from the serum replacement group and
1234 from the whole blood group. The mean proportion of oocyst-infected mosquitoes was
higher in the serum replacement group at 0.12 (95% CI: 0.11-0.13) compared to mosquitoes
fed with whole blood at 0.07 (95% CI: 0.06-0.08). There was sufficient evidence to support the
claim that serum replacement increases the proportion of infected mosquitoes (OR=1.73, [95%
CI:1.33-2.25] p=0.001). but not infection intensity (IRR=1.02, [95% CI:0.81-1.28], P=0.887)
(Figs. 7A and7B; Table 1).
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Table 1: Oocyst infection prevalence and infection intensity of An. gambiae s.s Day 0, day 9, circadian rhythm, and serum replacement

Prevalence Oocyst Intensity
*Infectious Infected mosquitoes
ici OR IRR
Participants (/N) (%) P- value P-value
95% CI) 95% CI)

Day 0 (Baseline) 6/6 (100%) 194/1125 (17.24%) 1
Day 9 1/3 (33.3%) 29/487 (5.95%) 0.20 (0.13-0.31) 0.001 0.46 (0.31-0.68) 0.001
Day 5/5 (100%) 67/867 (7.73%) 1
Night 5/5 (100%) 58/915 (6.34%) 0.77 (0.53-1.12) 0.175 0.98 (0.72-1.34) 0.887
Whole blood 6/6 (100%) 87/1234 (7.05%) 1
Serum replacement 6/6 (100%) 261/2160 (12.08%) 1.73 (1.33-2.25) 0.001 1.02 (0.81-1.28) 0.887

Note: n/N Proportion of mosquitoes scored positive by microscopy for oocysts on day 8 post-infection. (n) number of infected mosquitoes.

(N) number of dissected mosquitoes.
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The odds ratio (OR) was estimated using logistic regression, adjusting for feeding days,
circadian rhythm, and serum replacement as fixed effects, with biological replicates
(participants) as random effects. The incidence risk ratio (IRR) was estimated using a negative
binomial distribution with a log link function, applying the same fixed and random effect

adjustments.
4.2 Discussion

Understanding factors influencing mosquito infectiousness through DMFA using gametocytes
from naturally infected participants is crucial for malaria transmission research and TBI
evaluation. This study examined the infectiousness of P. falciparum wild isolates to An.
gambiae s.s. mosquitoes pre and post AL treatment, the impact of the time of DMFA conduct
(day vs. night) and serum replacement versus autologous serum. We demonstrated that pre-AL
treatment, all 6 participants enrolled for DMFAs (100%) infected mosquitoes, whereas only 1
in 3 (33%) infected mosquitoes 9 days post-treatment. A significant reduction in infection
prevalence and oocyst intensity on infected mosquitoes was observed on day 9 compared to
day 0. To the best of our knowledge, this is the first study to assess the impact of AL 9 days
post-treatment, revealing a substantial decline in mosquito infectiousness compared to

baseline.
4.2.1 Effects of AL on Individual Infectiousness to Mosquitoes

This study reveals that the proportion of infected mosquitoes on day 9 was significantly lower
than that on day 0, indicating a noteworthy decline in infection prevalence 9 days post-
treatment. To the best of our knowledge, this is the first study to assess the impact of AL 9 days
post-treatment, revealing a substantial decline in mosquito infectiousness compared to

baseline.

The difference may be due to AL’s inability to clear mature gametocytes present at recruitment
(Bousema et al., 2006; Makanga, 2014) allowing some participants to remain infectious post-
treatment (Sutherland et al., 2005). These findings align with previous studies showing that AL
reduces gametocyte density, mosquito infection rates, and oocyst intensity (Bradley et al.,
2019; Mahamar et al., 2024; Makanga, 2014). For example, Sutherland et al. reported that not
only did AL decrease the rate of gametocyte carriage, but also gametocyte carriage time, 42

days post treatment and parallel to infectivity of gametocytes to mosquitoes compared to
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participants administered with Chloroquine combined with sulfadoxine-pyrimethamine
(CQSP) (Sutherland et al., 2005). Also, Goncalves et al. showed that only one participant
transmitted infection to mosquitoes 7 days post-treatment compared to participants AL and
primaquine drug (Gongalves et al., 2016). In a more recent trial in Mali, no infections by day
7 were reported compared to participants administered with Sulfadoxine—pyrimethamine and

amodiaquine (Mahamar et al., 2024).

Several factors contribute to post-treatment variability, including individual differences in
gametocyte clearance (Makanga, 2014; WWARN Gametocyte Study Group, 2016).
Additionally, rapid male gametocyte clearance post-treatment may render infections non-
transmissible (Jm ef al., 2018). Additionally, immature gametocytes (stages I-IV) sequestered
in the bone marrow or spleen require more time to mature (Smalley ef al., 1981; Thomson &
Robertson, 1935). Artemether lumefantrine targets both asexual and immature gametocyte
stages (Bousema et al., 2010; Chen et al., 1994; Sinclair et al., 2009; Smithuis ef al., 2010) and
lumefantrine further inhibits gametocyte development by making them sterile, which leads to
a low mosquito infection rate (van Pelt-Koops et al., 2012). However, eligible gametocytemic
carriers carrying stage V of P. falciparum gametocyte that can be recruited for evaluation of
TBIs are scarce in the field. This is because asymptomatic carriers do not show any ill
symptoms, which makes them not seek health care, thus mass screening is required to at least
100 individuals and be able to obtain 20% of the eligible participants. Thus, it is essential to
optimise assays by using pre-treated participants as a source of gametocytes for the evaluation
of TBI. Furthermore, this finding has broader implications for other ACTs, as their effects can
vary in different settings. In East Africa, including Tanzania, AL is administered to all
participants diagnosed with a Plasmodium infection. Although AL has shown effectiveness in
reducing gametocyte density and oocyst intensity, some studies have demonstrated that
submicroscopic gametocyte densities persist and transmit infections in West Africa (Gongalves
et al., 2016). Thus, addressing the dynamics of gametocyte infectiousness following AL
treatment is crucial not only for understanding individual-level transmission potential but also
to critically evaluate TBI for designing and informing malaria control strategies, in settings
approaching elimination, where reducing the infectious reservoir is critical for interrupting

transmission.
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4.2.2 Effects of Circadian Rhythms and Mosquitoes’ Infectiousness

We found no significant difference in infection rates between mosquitoes fed during the day
and those fed at night. This aligns with previous findings on cultured P. falciparum gametocyte
infectivity in Anopheles gambiae susceptible strain (Habtewold, 2022), but contrasts with
recent findings on sporozoites, where high infection was observed in mice infected during the
night rather than during daytime through DSF rather than DMFA (Bento et al., 2025).
Additionally, a trial in Mali showed that direct skin feeding (DSF) led to higher infection rates
at dusk compared to dawn (Coulibaly ef al., 2017). This variation may be due to differences in
the experimental setup. For example, in the Mali study, dusk feeding was conducted on day 0,

while dawn feeding took place two days later (Coulibaly ef al., 2017).

The discrepancies in mosquito infectiousness may result from both human and mosquito
factors. In mosquitoes, circadian rhythms regulate key behaviours such as mating, host-
seeking, sugar foraging, and oviposition (Das & Dimopoulos, 2008; Jones et al., 1967,
Sheppard et al., 2017). These rhythms may also influence mosquito immunity to P. falciparum
gametocytes, which is affected by gut microbiota composition (Gendrin et al., 2015;
Habtewold, 2022). An. gambiae midgut microbiota levels fluctuate throughout the day, with
the lowest levels recorded at midnight compared to midday (Gendrin et al., 2015). At night,
active feeding may trigger mechanisms that reduce normal gut flora, increasing susceptibility
to malaria parasites (Habtewold, 2022). However, our study used wild malaria isolates with
low gametocyte density, likely contributing to the absence of differences in oocyst intensity.
In humans, some studies indicate that Plasmodium falciparum gametocytes may exhibit time-
of-day-dependent patterns in exflagellation readiness and transmission potential, possibly
aligning with mosquito feeding behaviour to maximise transmission success (Reece et al.,
2017; Scheneider, 2018). These rhythms may be regulated by the parasite’s intrinsic molecular

clock or host cues such as melatonin, body temperature, or nutrient availability.
4.2.3 Effect of Serum Replacement on Mosquito Infection Rate

As anticipated, a higher proportion of infected mosquitoes was observed in the serum
replacement group compared to the whole blood group. This aligns with a previous systematic
review, which found that serum replacement enhances mosquito infectivity across 212

membrane-feeding experiments (Bousema et al., 2012). This effect is likely due to the removal
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of transmission-blocking attributes such as antibodies, drug metabolites, and other factors that
are known to reduce mosquitoes’ infectivity. Contrary to previous studies, we found no
significant difference in oocyst intensity between the two groups (Bousema et al., 2012).
Bousema et al. (2012) observed higher oocyst intensity in serum-replaced blood compared to
whole blood. The similarity in oocyst intensity from our study findings may result from low
gametocyte density among recruited participants. This may reduce the impact of serum
replacement on the gametocytes’ infectiousness. Although it has been reported that the
mosquito infection rate does not have a direct linear correlation with gametocyte density in
human blood (Bousema & Drakeley, 2011; Da ef al., 2015; Tadesse ef al., 2018). The effect
of serum replacement highlighted by this finding informs researchers that as malaria
endemicity decreases, immunity is likely to wane. Therefore, whether or not performing serum

replacement is unlikely to affect oocyst intensity.

In addition to antibodies, various host-derived factors found in whole blood can hinder malaria
transmission to mosquitoes. These factors include complement proteins, pro-inflammatory
cytokines such as tumour necrosis factor-a and interleukin-6 (Naotunne et al., 1993) and acute-
phase reactants, all of which may decrease gametocyte viability or disrupt gamete fertilisation
and ookinete development in the mosquito midgut. Residual antimalarial drugs and their
metabolites, particularly long-acting compounds like lumefantrine and piperaquine, slow down
the rate of parasite development after ingestion (Peatey et al., 2009; Sinden et al., 2012).
Furthermore, oxidative stress markers and alterations in red blood cell membranes may
negatively affect gametocyte function and infectivity (Percério ef al., 2012). Replacing serum
with malaria-naive or pooled control serum likely reduces the influence of these inhibitory
components, creating a more conducive and standardised environment for evaluating

transmission potential.
4.2.4 Limitations of the Study

First, thick smears for microscopy were not collected on day 9 to confirm the presence of
gametocytes, making it difficult to assess gametocyte dynamics and clearance rates. Second,
the small sample size of gametocytemic donors, particularly in the AL post-treatment group,
where a decline in infectivity was observed, limits the findings. Notably, at least one individual
remained infectious 9 days pot treatment. While the study provides valuable insights to enhance

bioassays for evaluating transmission-blocking drugs and vaccines among gametocyte

28



participants, larger sample sizes are necessary to confirm these findings. Third, there was a

lack of molecular quantification regarding the persistence of sub microscopic gametocytes.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion

This study confirms that artemether—lumefantrine (AL) markedly reduces human
infectiousness to mosquitoes, emphasising the importance of selecting gametocytemic
participants who have not recently received AL treatment. Feeding mosquitoes at night does
not enhance infection rates, hence, evaluations can be done day or night time, whereas serum

replacement leads to a higher proportion of infected mosquitoes.
5.2 Recommendations

Future studies should aim to assess the drug susceptibility of parasite isolates used in DMFAs
alongside targeted sequencing approaches to detect resistance-associated mutations. This will
help better understand the interactions between the drugs and different parasite genotypes.
Additionally, studies on feeding time points should evaluate both pyrethroid-resistant

mosquitoes to provide more comprehensive insights.
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APPENDICES
Appendix 1: Informed consent form
PART I: Information sheet

Study Title: Impact of artemether-lumefantrine treatment, circadian rhythm and serum
replacement on the infectiousness of wild P. falciparum gametocytes to An. gambiae sensu

stricto mosquitoes.

Subject’s description: Male and female aged 6-45 years
Principal Investigator: Dorin Mmasi
Co- Investigators: Dr Mgeni Mohamed Tambwe

Prof. Sarah Moore

Study site: Ifakara Health Institute, Bagamoyo Branch
INTRODUCTION
My name is............. (name of the PI), and I work for Ifakara Health Institute. Malaria is a

disease affecting both males and females of different age groups. The disease is caused by
malaria parasites that live in the blood and are transmitted by some kinds of female mosquitoes
when they bite people. We are doing a study on how best we can prevent transmission from
malaria-infected humans to mosquitoes. We invite you to participate in this study. Before you
decide to participate, feel free to talk to your parents or caregivers about the study. Please feel
free to ask any of the study personnel any questions or clarifications that will allow you to

understand clearly the nature of the study
PURPOSE OF THE STUDY

The purpose of this study is to effect of Antimalarial treatment, serum replacement, circadian
rhythm on the infectiousness of wild P. falciparum gametocytes to An. gambiae sensu stricto

mosquitoes
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STUDY SITE

The study will be conducted at IHI Bagamoyo in Kingani, in the Bagamoyo district.
HOW IS MY CHILD SELECTED?

The participants will be selected from Kibindu, Chamgoi, Miono, and Wamimkoko villages
located in the Bagamoyo district. Healthy school children with no signs or symptoms of malaria
will be screened for malaria parasites. Those who will meet the inclusion criteria will be invited

to participate. The study will include 3 or more gametocyte carriers.

WHICH ARE THE PROCEDURES THAT WILL BE PERFORMED ON MY
CHILD?

I.  Ifyou and your child agree to participate, we will ask both of you to sign an informed
consent form, and then the following procedures will be performed on your child.

II.  We test for the malaria parasite by taking a drop of blood from the finger. If your child
is found to have malaria parasites, they will be taken to the IHI Bagamoyo laboratory
within 24 hours under the supervision of the parent/guardian and the teacher.

III. At the IHI Bagamoyo laboratory, we will ask your child to allow a nurse to draw 5
mL of blood (equivalent to one teaspoonful).

IV.  Then, your child will receive treatment for malaria for free, and you will be allowed to
go home.

V.  The blood will then be fed to the mosquitoes we have in our laboratory.

VI. A child who has been administered an AL drug will be invited again to donate blood

on day 9. The blood will be fed to the mosquitoes we have in our laboratory.
WHAT IS THE DURATION OF THE STUDY AND PARTICIPATION?

The duration of study will be one or two months, depending on the availability of individuals
with gametocytes, but your child will participate for a maximum of 24 hours in three different

days at the Bagamoyo insectary laboratory.
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WHAT ARE THE BENEFITS TO MY CHILD?

There are no direct benefits to participating in this study. The findings will provide a better
understanding and contribute to the body of knowledge on the transmission of the disease and
in searching for new methods to block transmission from infected humans to female Anopheles
mosquitoes. It is expected that two children out of 10 will test positive for malaria. Yet the risk
of being infected remains high for the others. If your child tests positive for malaria parasites,
they will be given malaria treatment for free. This treatment will eliminate the presence of the
parasites in your child's blood. Yet, it does not prevent him or her from being infected again,

so it is advisable to continue using mosquito nets and insecticides.

ARE THERE ANY RISKS, BURDEN OR DISCOMFORT ASSOCIATED WITH MY
CHILD’S PARTICIPATION?

Your child may experience pain or discomfort as a study nurse will draw a blood sample for
feeding mosquitoes. This pain or bleeding does not need any medication and will stop as soon
as the blood sampling process is completed. A blood sample may be drawn while your child is
sitting. All materials to be used in blood sample collection are sterile; therefore, there is no

chance of introducing any infection into your child’s body.

WILL MY CHILD RECEIVE ANY PAYMENT?

There will be no payment made for your child’s participation in the screening. However, if
your child is brought to Bagamoyo for blood drawing, you will receive TSH 20,000/= as
compensation to cover the meal and transportation back to school/home. A teacher who will
escort a child participant will be given Tsh. 10,000/= to cover the meal and transportation back
to school. A teacher will receive this amount of money regardless of the number of school

children to be escorted at the IHI insectary for mosquitoes feeding on that particular day.
MAY I REFUSE TO PARTICIPATE OR WITHDRAW MY CHILD FROM THE

STUDY?

The decision for your child to participate in this study is completely voluntary. You can
change your mind at any time, and this will not affect any medical attention that your child

might need if they have malaria parasites before exiting the study.

47



ARE MY CHILD’S DATA AND SAMPLES KEPT UNDER CONFIDENTIALITY?

All the information collected from this study will be confidential and used only for this research
project. Your child’s name will not be used on labels, on laboratory samples or in any report
of this study. The information that may link participants with the study number will be kept in
a locked cabinet, only accessed by principal investigators. All blood samples will be used up

during the study.

IS THERE ANY ETHICAL/REGULATORY APPROVAL FOR CONDUCTING THIS
STUDY?

Permission to conduct this study has been received from the following regulatory authority:
Ifakara Health Institute-Institutional Ethics Review Board (IRB) certificate number
IHI/IRB/No: 20-2024 and National Institute for Medical Research (NIMR) certificate number
BD.242/437/01C/164, after being satisfied that the volunteer safety is followed.

IF YOU HAVE ANY QUESTIONS ABOUT THIS TRIAL

The principal investigator, co-investigator or any other member of the study team may be
contacted in case of any question or need of clarification related to this study or related to your

participation at any time before signing the consent form and during the study period.

i. Principal Investigator: Dorin Joachim Mmasi +255 620 222 761

ii. Co-investigator: Dr Mgeni Mohamed +255 713737447

iii. Secretary to the IHI-IRB: Dr Mwifadhi Mrisho, mobile phone +255 788
766676.

iv. Secretary to the NatHREC: Dr Mwanaidi Kafuye of the National
Institute of Medical Research, landline telephone 0222121400
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Appendix 2: Parent consent form
PART II: Certificate of Consent

PARENT / GUARDIAN CONSENT FORM

I,__ therefore, consent for my child to participate in the research study entitled “Impact of
artemether lumefantrine, circadian rhythm and serum replacement on the infectiousness
of wild P. falciparum gametocytes to An. gambiae sensu stricto mosquitoes”. I attest to
having received the information that describes the study procedures, including blood sampling,
and have received an additional extensive explanation about the content of this information

sheet from a study person.

I attest to having understood the aim, procedures, benefits, such as giving malaria treatment for
free and risks, such as pain during blood sampling and that I was given sufficient time to ask all
my questions related to the procedures, benefits and risks of participation and have received
satisfactory answers. If [ have any more questions, I understand that I may contact the study

team at the telephone numbers given on the information sheet.

I attest to understanding that I have the right to withdraw my consent and choose to stop the
participation of my child at any time. If T have any more questions, I understand that I may contact

the principal investigator Dorin Mmasi, at +255 620 222 761.

I understand I will be given a copy of the information sheet and consent form to keep for my

records. | VOLUNTARILY consent for my child to participate.
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CHILD’S PARTICIPANT PARTICULARS

First Name Middle Name Surname
Date: Time: Signature:
LV VL1 | [(dd/mmlyyyy) ||| |(hrs)
PARENT/GUARDIAN

First Name Middle Name Surname
Date: Time: Signature:
LV | |(dd/mm/Yyyyy) || [:|_| [(hrs)

If parent/legal Here

representative is

Hliterate:

Put fingerprint

WITNESS

that the individual has given consent freely

I have witnessed the accurate reading of the consent form to the parent/legal representative of
the potential participant, and the individual has had the opportunity to ask questions. I confirm

First Name Middle Name Surname
Date: Time: Signature:
LV VL |(dd/mm/yyyy) | B | (hrs)

PERSON GIVING CONSENT EXPLANATION

i) I confirm that the parent/legal representative has given consent freely

ii) I confirm that the child has provided verbal assent to participate in this study.

First Name Middle Name Surname
Date: Time: Signature:
LV VL | |(dd/mm/yyyy) || [:|__[|(hrs)

50




Appendix 3: Child assent form
PART III: Certificate of Consent

CHILDS ASSENT

I do hereby consent to participate in the research study titled “Impact of artemether-
lumefantrine treatment, circadian rhythm and serum replacement on the infectiousness

of wild P. falciparum gametocytes to An. gambiae sensu stricto mosquitoes”.

I attest to having received the information that describes the study procedures, including blood
sampling, and have received an additional extensive explanation about the content of this

information sheet from a study person.

I attest to having understood the aim, procedures, benefits, such as giving malaria treatment for
free and risks, such as pain during blood sampling and that [ was given sufficient time to ask all
my questions related to the procedures, benefits and risks of participation and have received
satisfactory answers. If I have any more questions, I understand that I may contact the study team
at the telephone numbers given on the information sheet. I attest to understanding that I have the

right to withdraw my consent and choose to stop the participation of my child at any time.

If I have any more questions, I understand that I may contact the principal investigator, Dorin
Mmasi +255 620222761. Tunderstand [ will be given a copy of the information sheet and consent
form to keep for my records. | VOLUNTARILY consent for my child to participate.
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CHILD’S PARTICIPANT PARTICULARS

First Name Middle Name Surname
Date: Time: Signature:
LV VL1 | [(dd/mmlyyyy) ||| |(hrs)
PARENT/GUARDIAN

First Name Middle Name Surname
Date: Time: Signature:
LV V[ [ [(dd/mmlyyyy) || _[:|_| [(hrs)

If parent/legal Here

representative is

Hlliterate:

Put fingerprint

WITNESS

that the individual has given consent freely

I have witnessed the accurate reading of the consent form to the parent/legal representative of
the potential participant, and the individual has had the opportunity to ask questions. I confirm

First Name Middle Name Surname
Date: Time: Signature:
LV V1 1 | |(dd/mm/yyyy) || sl [|(hrs)
PERSON GIVING CONSENT EXPLANATION

iii) I confirm that the parent/legal representative has given consent freely

iv) I confirm that the child has provided verbal assent to participate in this study.

First Name Middle Name Surname
Date: Time: Signature:
LV VL | |(dd/mm/yyyy) || [:|__[|(hrs)
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Appendix 4: Adult consent form
PART II: Certificate of Consent

ADULT PARTICIPANT’S CONSENT FORM

L do hereby consent for my child to participate in the research study entitled “Impact of
artemether-lumefantrine treatment, circadian rhythm and serum replacement on the
infectiousness of wild P. falciparum gametocytes to An. gambiae sensu stricto

mosquitoes”.

I attest to have received the information that describes the study procedures, including blood
sampling, and have received additional extensive explanation about the content of this

information sheet from a study person.

I attest to have understood the aim, procedures, benefits such as giving malaria treatment for free
and risks such as pain during blood sampling and that I was given sufficient time to ask all my
questions related to the procedures, benefits and risk of participation and have received
satisfactory answers. If | have any more questions, I understand that I may contact the study team

on the telephone numbers given on the information sheet.

I attest to understanding that I have the right to withdraw my consent and choose to stop the

participation of my child at any time.

If I have any more questions, I understand that I may contact the Principal Investigator, Dorin

Mmasi, +255 620222761.

I understand I will be given a copy of the information sheet and consent form to keep for my

records. | VOLUNTARILY consent for my child to participate.
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CHILD’S PARTICIPANT PARTICULARS

First Name

Middle Name

Surname

Date:
I 74 I IV

(dd/mm/yyyy)

Time:

||| (hrs)

Signature:

If

representative  is

parent/legal

Illiterate:

Put fingerprint

Here

WITNESS

I have witnessed the accurate reading of the consent form to the parent/legal
representative of the potential participant, and the individual has had the opportunity to
ask questions. I confirm that the individual has given consent freely

First Name Middle Name Surname
Date: Time: Signature:
PERSON GIVING CONSENT EXPLANATION

i) I confirm that the parent/legal representative has given consent freely

ii) I confirm that the child has provided verbal assent to participate in this study.

First Name

Middle Name

Surname

| ]

|(dd/mm/yyyy)

Time:

|| || (hrs)

Signature:
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Appendix 5: Case Report Form

Case Report Form — Diagnostic Data sheet

Subject ID

Informed consent obtained: written |:] Oral |:| Date...............

Subject Information:

Age in years

Gender. |:| Male

Female

Village...............

Taken anti malaria for the past one month: Yes D No D

I.mRDT Positive: Plasmodium falciparum |:| Plasmodium Pan D Negative

[]

Microscopy Asexuals:
Readl: WBCs 200/Nr.Parasites: WBCs500/Nr.Gametocytes:
Read2: WBCs 200/Nr.Parasites: WBCs500/Nr.Gametocytes:
Read3: WBCs 200/Nr.Parasites: WBCs500/Nr.Gametocytes:

Asexual by microscopy: Total parasites dived by 3(reads)—<46= /ul blood Asexual by
microscopy: Total parasites dived by 3(reads) x+6=+l blood
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Appendix 6: Direct membrane feeding assay form

DIRECT FEEDING ASSAY FORM

Protocol Code: AL Study Title Abbreviated: Impact of AL, circadian rhythm and
study serum replacement on the infectiousness of wild P. falciparum

gametocytes to An. gambiae sensu stricto mosquitoes

Subject’s IDnumber: | | | | | |-

Subject’s Initials: | |

Instructions: Date Format=(dd- Time
o=Check Appropriate

mm-yy) Format=(hh:mm)Hours

DIRECT MEMBRANE FEEDING ASSAY PROCEDURE RECORD

Date of performing direct feeding procedure I = I =

Is patient an adult and gave separate consent for Direct membrane feeding procedure? D D

If Yes, date of signing direct feeding ICF I T A A

Is patient still willing to participate in the direct feeding procedure? D D

Paper cup’s identification number

Number of mosquitoes in a paper cup

DIRECT FEEDING ASSAY PROCEDURE

Mosquitoes should feed for the duration of 15 to 20 minutes

Starting time (Tsar) End time (Tena) Total duration (Tend - Tstart)

N R N I S || |minutes

Number of fully fed mosquitoes after direct feeding assay

Optional Comments:
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Supervised by initial | |

Time |

DIRECT FEEDING ASSAY FORM

Protocol Code: AL

study

Study Title Abbreviated: Impact of AL, circadian rhythm and

serum replacement on the infectiousness of wild P. falciparum

gametocytes to An. gambiae sensu stricto mosquitoes

Subject’s Initials: | |

Subject’s ID number: | | | |

Instructions: Date Format=(dd-

mm-yy)

Formar=(hh:mm)Hours

Time

o=Check

Appropriate

DIRECT FEEDING ASSAY MOSQUITOES DISSECTION RECORD

Date of performing mosquitoes dissection (7 days after direct feeding assay) |

Number of mosquitoes alive 7 days after direct feeding assay

NUMBER OF OOCYSTS PER MOSQUITO

Mosquito Number of oocysts Mosquito Number of oocysts
1 I — 19 I —
2 I — 20" I —
3 I — 21 I —
4" I — 22™ I —
5 I — 23 I —
6" I — 24" I —
7" I — 25" I —
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8" I 26" I
9 I 27" I
10" I 28" I
11* L 29 I
n* I 30 I
13 I 31 I
14" I 32nd I
15 I 33+ I
16" I 34t I
17t L 35 I
18" I 36 I

Optional Comments:

Supervised by initial ||
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Appendix 7: Certificate of ethical approval

THE UNITED REPUBLIC OF TANZANIA
MINISTRY OF HEALTH

NATIONAL INSTITUTE FOR MEDICAL RESEARCH

In reply please quote:
Ref No. BD.242/437/01C/164 280 April, 2025

Drorin Mmasi,

Ifakara Health Institute {IH1)
Branch Inside District Hospital,
P.o. Box 74,

Email: dmmasi&ihi.or.tz

Dear Mmasi,
BE._PERMISSION TO PUBLISH

Reference is made to your request 1o publish data dated 119 April, 2025 from
a study with Ethical Clearance No. IHUTRE/MNo.20-2024.

2. Permission has been granted to publish a manuscript titled “Impact of
artemether-lumefantrine treatment, circadian rhythm and serum replacement
on the infectiousness of wild P. falciparum gametocytes to An. gambiae sensu
stricto mosquitoes” by authors Dorin Joachim Mmasi, Prisca Kweyamba, Fatuma
Matwewe , Masudi Suleiman Maasayi, Nolvin J. Mvungi, Ummi Abdul Kibonda,
Tibebu Habtewold, Jennifer C. Stevenson, Lorenz Martin Hofer, Sarah Jane Moore
and Mgeni M. Tambwe.

3 Please submit an electronic copy of the published manuscript to the National
Institute for Medical Research through email publications & nime.or iz

Yours sincerely,
ol T

o .

Prof. Said 5. Aboud
MRCC CHAIRMAN

AN affficis correspondences should be addressed fo the Director Ganeral

Headguariers: 5 Capital Street, P.O. Box 2016, 41118 Dodoma, Tanzania,

Emall: mfo@nimror.tz, dgd nim.oriz, Websie: wesnimr.oriz
Habdquarters Sub-OMies: 3 Baach Ol Dive. PO B 9853, 171107 Dar 25 S, Tanzima, Phons: < 285300 1400
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ot 463, P.0. Box 78371 Phones +25522277475%6 -

ko Aoenim, Micschini | Oar ex Salaam, Tanzani | Emad: kbSitv.oe.z : 'h' IFAKARA HEALTH INSTITUTE

INSTITUTIONAL REVIEW BOARD cee® rosearch | training | services
e e S e e e e T+

April 19, 2024

National Institute for Medical Research

P O Box 9653

Dar Es Salaam

Email; headquarters@nimr.or.tz

Donn Joachim Mmasi
Ifakara Health Institute
P.O.Box 74
Bagamoyo

THI/IRB/No: 20-2024
INSTITUTIONAL CLEARANCE CERTIFICATE FOR CONDUCTING HEALTH RESEARCH

On 27" March 2024, the Ifakara Health Institute Review Board (IHI-IRB) reviewed from study titled:
“Exploring the effect of Antimalarial treatment, serum replacenent, circadian rhythm on mosquito
infectiousness using gametocytes from naturally infected individuals®, submitted by the Principal
Investigator, Dorin Mmasi. The study has been approved for implementation after IRB consensus. This
certificate thus indicates that; the above- mentioned study has been granted an Institutional Ethics
Clearance to conduct this study in Bagamoyo District Council.

The Principal Investigator of the study must ensure that, the following conditions are fulfilled during or
after the implementation of the study:

1. Pl should submit a six-month progress report and the final report at the end of the project

2. Any amendment, which will be done after the approval of the protocol, must be communicated as soon as

possible to the IRB for another approval »

3. All research must stop after the project expiration date, unless there is prior information and justification to the
IRB.

4. There should be plans to give feedback to the community on the findings

5. The PI should seek permission to publish findings from NIMR

6. The approval is valid until 27" March 2025

The following documents were reviewed and approved:
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