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SUMMARY

Schistosomiasis, caused by schistosome flatworms, is a significant public health concern in
endemic regions, leading to anemia, liver fibrosis, cognitive impairment, and immune
modulation. This study evaluates the impact of repeated PZQ treatments on infection dynamics,
cognitive outcomes, and immunological responses in SAC from endemic areas in Cameroon.
A retrospective study was conducted on SAC from five public schools in S. mansoni-endemic
villages in  Bokito, = Cameroon, after ethical clearance  renewal (No.
2022/12/1505/CE/NECRHH/SP). Previously collected samples and associated data from
children grouped by cumulative received PZQ treatments (0-2 vs. >2 rounds) were analyzed
for infection rates, parasite burden, hemoglobin levels, liver fibrosis, cognitive performance,
and immunological markers (IgE, 1gG4, cytokines) using statistical methods, including
Student's t-test, ANOVA, Kruskal-Wallis test, Spearman's Chi-squared test, and multivariate
logistic regression. Repeated PZQ treatments significantly reduced heavy infection rates (p =
0.01) and parasite burdens (r = -0.33, p = 0.04) but had limited impact on overall infection
prevalence (p = 0.58). While repeated treatments did not significantly reduce fibrosis
progression (p = 0.31), they tended to elevate VEGF levels in participants receiving >2
treatments (p = 0.04). Children in the >2 treatments group demonstrated improved hemoglobin
levels (p = 0.004) and better cognitive performance, reflected in higher academic marks (p =
0.02) and class/age progression ratios (p = 0.01). Immunologically, repeated treatments
enhanced Th2-dominated responses, marked by cytokines such as IL-4 (p = 0.04) and IL-33 (p
=0.03) and increased levels of IgE (p =0.002), 1IgG4 (p = 0.02), suggesting a balanced immune
response with both protective and regulatory roles. Repeated PZQ treatments effectively reduce
parasitic burden, alleviate anemia, enhance cognitive performance, and foster a regulated
protective immune response in SAC. Despite these benefits, the persistence of liver fibrosis
highlights the need for integrative approaches, including antifibrotic therapies and vaccines.

Key words: Schistosoma mansoni, Praziquantel, School-age children, Immunopathology,

Cognitive impairment.
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RESUME

La schistosomiase, causée par des vers plats schistosomes, est un probléme majeur de santé
publique dans les régions endémiques. Elle entraine anémie, fibrose hépatique, troubles
cognitifs et modulation immunitaire. Cette étude examine I’impact des traitements répétes au
PZQ sur la dynamique de I’infection, les performances cognitives et les réponses immunitaires
chez les enfants d’age scolaire dans les zones endémiques du Cameroun. Une étude
rétrospective a été réalisée aupres d’enfants d’age scolaire fréquentant cing écoles publiques
dans des villages endémiques a S. mansoni a Bokito, Cameroun, aprés renouvellement de
I’autorisation éthique (No. 2022/12/1505/CE/NECRHH/SP). Des échantillons et données
précédemment collectés ont été analysés selon le nombre cumulatif de traitements au PZQ regus
(0-2 ou >2 cycles). Les parametres analysés comprenaient les taux d’infection, la charge
parasitaire, les niveaux d’hémoglobine, la fibrose hépatique, les performances cognitives et les
marqueurs immunitaires (IgE, 19G4, cytokines), en utilisant des méthodes statistiques telles que
le test t de Student, I’ANOVA, le test de Kruskal-Wallis, le test du khi-deux de Spearman et la
régression logistique multivariée. Les traitements répétés au PZQ ont réduit significativement
les taux d’infections séveres (p = 0,01) et la charge parasitaire (r = -0,33, p = 0,04), mais ont eu
un impact limité sur la prévalence globale de I’infection (p = 0,58). Bien que ces traitements
n’aient pas considérablement ralenti la progression de la fibrose hépatique (p = 0,31), ils ont
été associés a une augmentation des niveaux de VEGF chez les participants ayant recu >2
traitements (p = 0,04). Les enfants ayant recu >2 traitements ont montré des niveaux
d’hémoglobine améliorés (p = 0,004) et de meilleures performances cognitives, reflétées par
des notes académiques plus élevées (p = 0,02) et de meilleurs ratios de progression classe/age
(p = 0,01). Sur le plan immunitaire, les traitements répétés ont renforce les réponses dominées
par Th2, marquées par des niveaux accrus de cytokines comme IL-4 (p = 0,04) et IL-33 (p =
0,03), ainsi que des augmentations d’IgE (p = 0,002) et d’IgG4 (p = 0,02), suggérant une
réponse immunitaire équilibrée et régulée. Les traitements répétés au PZQ réduisent
efficacement la charge parasitaire, atténuent I’anémie, améliorent les performances cognitives
et favorisent une réponse immunitaire régulée et protectrice chez les enfants d’age scolaire.
Cependant, la persistance de la fibrose hépatique souligne la nécessité d’approches intégrées,

incluant des thérapies antifibrotiques et des vaccins.
Mots-clés : Schistosoma mansoni, PZQ, enfants d’age scolaire, immunopathologie, troubles

cognitif
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GENERAL INTRODUCTION

Parasitic diseases represent a serious public health problem, mainly in developing tropical and
subtropical regions. They are categorized as neglected tropical and poverty diseases countries
since several of them have not gotten any special attention from the governmental or private
sectors (Hotez et al., 2020). Schistosomiasis, also known as bilharziasis, is one of them and is
the second most common parasitic disease in the world after malaria (CDC, 2021). It's caused
by the platyhelminths of the genus schistosome within the class of trematodes parasites (Pd et
al., 2001). According to WHO, approximately 251.4 million people are infected and more than
800 million are at risk of infection to schistosomiasis, which results in human morbidity and
mortality worldwide (WHO, 2022a, 2023). Out of the 78 countries where transmission has
been reported, only 51 endemics with moderate-to-high transmission require preventative
chemotherapy for schistosomiasis, in which persons and communities are being targeted for
widespread treatment (WHO, 2023). Sub-Saharan Africa bears the greatest proportion of the

world's schistosomiasis burden at over 90%.

A consistent feature of human schistosomiasis is that school-aged children (SAC) in endemic
areas are more susceptible to reinfection than older individuals (McManus et al., 2020).
Despite the possibility that lack of exposure plays a role in older people's low susceptibility to
infection, it is now widely acknowledged that age-dependent acquired resistance to reinfection
also plays a significant role. This age-related resistance is primarily the result of the
development of protective humoral immune responses (Butterworth et al., 1988; Dunne et al.,
1992).

Schistosomiasis treatment with PZQ through the MDA is crucial for managing and preventing
the diseases (Cioli et al., 2014), but it mainly affects the adult worms that can escape the
immune system with their skin disguise. Immunity refers here to the immune system’s ability
to mainly get rid of the invading larvae and the young worms that are barely affected by PZQ.
Many studies have extensively discussed how immunity develops during infection and
treatment. Dunne and collaborators proposed that it is specifically a delayed concomitant
immunity mechanism, where the immune responses triggered by the adult worms do not harm
them but instead target the invading larvae and kill them (Fitzsimmons et al., 2012b). Low
level of IgE induced by the specific antigens sequestered from the dying adult worms following
the treatment that reacted crosswise with the invasive larvae and conferred immunity
(Fitzsimmons et al., 2012a, 2012b).

|
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On the other hand, schistosomiasis infection in SAC is related to educational loss and cognitive
deficits that can affect future development. Ezeamama et al. showed a positive association
between the intensity of infection and cognitive impairment (Ezeamama et al., 2018). Chronic
inflammation is suggested to induce these deficits through close communication between the
systemic cytokines produced during infection and the central nervous system (Fung et al.,
2012; TSAO et al., 2001; Xie et al., 2019).

Our study aimed to highlights the impact of recurrent PZQ treatments on morbidity, cognitive

impairment, and immunological responses due to S. mansoni infection.

1) Research question

- How do cumulative praziquantel treatments influence the development of
immunological responses in SAC residing in S. mansoni endemic regions, and what are

the repercussions on their cognitive performances?

2) Research hypothesis

- Repetitive treatment fosters the development of immunological profiles linked to
resistance against reinfection to S. mansoni and mitigates the progression of cognitive

impairment in infected hosts.

3) Objectives

3.1) General objective

- To determine the effect of cumulative number of PZQ treatments on infection outcomes,
cognitive performances and immunological responses of SAC with S. mansoni

susceptibility.

3.2)  Specific objectives

- To assess the impact of cumulative PZQ treatments on parasite burden, hemoglobin

levels and liver fibrosis in SAC with S. mansoni susceptibility.

- To evaluate the influence of cumulative PZQ treatments on academic performance and

academic progress over time in SAC susceptible to S. mansoni infection.

- To investigate the immune modulation in total IgG4 and IgE antibody responses, as
well as the levels of GM-CSF, IL-4, IL-2, VEGF, and IL-33 cytokines responses.
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CHAPTER I: LITERATURE REVIEW
. History of schistosomiasis diseases

Human schistosomiasis is an ancient parasitic disease affecting millions, primarily in tropical
and subtropical regions. The term "schistosomiasis™ was introduced by David Friedrich
Weinland in 1858 (Di Bella et al., 2018). The oldest writings on the disease date back to
Egyptian medicine from 3000 to 400 BC, with references found in the Ebers papyrus and
calcified eggs in mummies from 1200 BC (Cox, 2002). The disease, possibly referred to as ‘a—
a-a’, was documented in Egyptian medical papyri from 1500 BC. Prevention methods included
avoiding polluted water and wearing linen penile sheaths (Cox, 2002; Di Bella et al., 2018).
Professor Marc Armand Ruffer found calcified eggs of Bilharzia haematobium in mummies
from the twentieth dynasty (Di Bella et al., 2018). The Bible mentions a curse resembling
schistosomiasis in Jericho, linked to well water (Di Bella et al., 2018).

Theodor Bilharz discovered Schistosoma haematobium in 1851, leading to the term "bilharzia"
(Aula et al., 2021). In 1902, Sir Patrick Manson suspected another Schistosoma species,
confirmed in 1915 by Louis Westenra Sambo, identifying S. mansoni (Aula et al., 2021).
Schistosoma japonicum was described in 1904 by Fujiro Katsurada, and Robert Thomson
Leiper elucidated the life cycle of Schistosoma spp. (Di Bella et al., 2018). The disease likely
spread from the African great lakes to Egypt during the fifth dynasty of pharaohs. Modern
irrigation methods have significantly increased the spread of schistosomiasis, with prevalence

rising dramatically in areas with artificial canals (Di Bella et al., 2018).

I1. Phylogeny of schistosomiasis diseases

The phylum of Platyhelminthes is a group of animals that have a flat body and a single opening
for eating and excreting (Pd et al., 2001). They are parasites that can infect many types of
vertebrates, including humans. Their evolutionary history has been studied using molecular and
morphological data, allowing us to understand their phylogeny (Pd et al., 2001). The tapeworm
Schistosoma mansoni belongs to the Schistosomatidae family of the class of parasitic
Trematodes within the phylum of Platyhelminthes. Indeed, the schistosome genus is subdivided
into more than 20 species of which only six are at the origin of the pathology in humans, namely:
S. hematobium, S. mansoni, S. japonicum, S. mekongi, S. intercalatum and S. guineensis
(Webster et al., 2006).
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I11.  Epidemiology of schistosomiases

1) Geographic distribution of schistosome species

Due to the uneven distribution of the various intermediate hosts (mollusks) necessary for the
transmission, the different schistosome species that cause the two main types of disease, namely
intestinal and urogenital schistosomiasis, are unequally distributed throughout the world
(WHO, 2023). The geographical distribution of the many schistosome species is displayed in
the following Table 1.

Table 1: Parasite species and geographical distribution of schistosomiasis (WHO, 2023)

Forms of . . .
i orms o. . Species Geographical distribution
schistosomiasis
Schistosoma mansoni Africa, the Middle East, the
Caribbean, Brazil, Venezuela and
Suriname
Intestinal Schistosoma japonicum China, Indonesia, the Philippines
schistosomiasis . . - .
Schistosoma mekongi Several districts of Cambodia and the

Lao People’s Democratic Republic

Schistosoma guineensis and

) Rain forest areas of central Africa
related S. intercalatum

Urogenital

. .. Schistosoma haematobium Africa, the Middle East, Corsica
schistosomiasis

2) Epidemiology of schistosomiasis diseases in the world

Worldwide, schistosomiasis is considered the second most devastating tropical disease after
malaria (WHO, 2023). It is one of the main sources of morbidity and mortality in high-
prevalence countries, with major consequences for the health and economy of the population
(CDC, 2021). Indeed, more than 240 million cases have been recorded worldwide, and around
800 million people were at risk of contracting the disease in 2019 (WHO, 2023). In 2021,
chemoprevention against schistosomiasis was needed in 51 countries (Figure 1) for a total of
251.4 million people, including 136 million school-age children and 115.4 million adults
(WHO, 2022b). WHO estimates that 11,792 people die from schistosomiasis worldwide each
year (WHO, 2023). Additionally, it has been reported that 90% of schistosomiasis cases are in

|
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Africa and are distributed as follows: Nigeria 26.21%, Ethiopia 9.57%, Democratic Republic
of the Congo 7.74%, Mozambique 5.82%, Kenya 5.04%, Tanzania 4.32%, Cameroon 4.30%,
Uganda 3.66%, Malawi 2.89%, and Ghana 2.88% (Inceboz, 2022).

Legend:

Non-endemic
No preventive chemotherapy
Interruption of transmission to be confirmed

Status of transmission to be determined
B Requiring preventive chemotherapy

Not applicable

Figure 1: Global praziquantel demand distribution worldwide (WHO, 2021).

3) Epidemiology of schistosomiasis diseases in Cameroon
Cameroon is endemic to schistosomiasis, with a prevalence rate ranging from 1.7 to 55.5%
(Njunda et al., 2017). According to WHO reports, nearly 5,420,130 people need preventive
treatment each year, of whom about 50% are school-aged children (WHO, 2021). More
specifically, studies carried out in certain localities have reported prevalences of 34.2% and
4.9% in Loum for urogenital and intestinal schistosomiasis, respectively (Nkengni et al., 2019),

and 43% in Magba for urogenital schistosomiasis (Bong et al., 2022).

|
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Figure 2: Prevalence of schistosomiasis in Cameroon
(espen.afro.who.int/countries/cameroon).

Descriptions of Schistosomiasis life cycle stages

1) Egg stage

Eggs are the result of the copulation between the schistosomes adults worm male and female.
They measure between 60 and 400um and have a subterminal spine whose position can provide
information on the species of schistosomes (Ford and Blankespoor, 1979). Of particular
interest, Figure 3 highlights the distinct egg morphology of each Schistosoma species, which

can be a valuable tool for species identification.
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Scivstosorma Schisfosorna Schistosoma Schistosorma Schistosona
Japonicum mekongs haematobrum intercalatum mansoni

Figure 3: Morphology of different eggs of schistosomes (CDC, 2021).

2) Miracidium stage
Miracidium is a ciliated larva measuring between 150 and 180um in length. It is pear-shaped
and its outer surface is made up of ciliated plates allowing it to swim (Figure 4). Miracidium
is the residue of eggs hatched in fresh water. It is the form of the parasite that infects the
intermediate host, the mollusk, and has a short life due to its limited stock of glycogen (a form
of nutrient storage) (Prah and James, 1978). It recognizes and penetrates its suitable snail host
by geotropism (orientation with respect to gravity), phototrophism (orientation regarding light)
and chemotacticism. The Miracidia of S. mansoni, for example, possess a negative geotropism
and a positive phototropicism to reach their host; on the other hand, the Miracidias of S.
haematobium are characterized by an inverse tropism (Prah and James, 1978). In fact,
molecules called miraxone (fat acids, amino acids and neuronal products of the molluscum) and
serving as signals have been proposed as participating in the attraction of the said miracidium.
Once inside the host, the miracidium loses its ciliated plaques, the remaining cells reorganize

to set up a lengthy bag that is the first-generation sporocyst (Mahmoud, 2001).

Glande apicale

Glande latérale
Cellule flamme

Cellule germinale

Ganglion céphalique

Papille sensorielle

Figure 4: Ultrastructure of a miracidium (Vanderstraete, 2014).
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3) Sporocyst stage
The sporocyst is a bag containing germinal cells that express the markers of stem cells and are
endowed with a significant regenerative capacity (Figure 5) (Wang et al., 2013). These
germinal cells will proliferate and result in the bulging of the primary sporocyst into several
secondary sporocysts. With the help of its muscle cells and its mobile end, the secondary
sporocyst migrates to the internal organs of the molluscum. This latter has a chamber where
germinal cells are found that begin to differentiate into cercaria (Bogitsh et al., 2019).

Figure 5: Photography of a secondary sporocyst (D Negréo-Corréa et al., 2007).

4) Cercarial stage

The parasite has a head with an anterior organ called the buccal sucker, a bifurcated locomotor
organ that serves as a tail and a median organ called the muscular ventral sucker (Figure 6).
The cercaria’s lifespan is short due to its limited energy store. This is why it must quickly find
its definitive host to continue its development (McKerrow and Salter, 2002). It thus migrates
and penetrates its host by chemotaxis in the skin (Haeberlein and Haas, 2008). The penetration
of cercaria into the skin is also facilitated by the secretion of glands rich in proteolytic enzymes
which lyse the extracellular matrix (Dresden and Asch, 1972). After penetration, it undergoes
morphological and biochemical modifications which enable it to pass to the schistosomula stage
in order to adapt to its new hosts (El-Ansary, 2003).
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Figure 6: Migrating schistosome cercaria (Mahmoud, 2001).

5) Schistosomula Stage

During skin penetration, cercariae loses its tail and becomes schistosomulae in blood vessels.
Nearly 3 to 4 days are required for its passage from the right heart to the lungs. The body of the
parasite thus lengthens to be able to move actively in the pulmonary capillaries. Once again,
they will be passively transported by the blood in the systemic circulation to reach the liver and
the portal system, where these latter will begin the second phase of so-called hepatic maturation.
Overall, it lasts between 8 to 10 days and is marked by a set of morphological and biochemical
changes (maturation of the esophagus, development of excretory organs, strengthening of the
protective integument, acquisition of sexual dimorphism) leading to the adult stage. In addition,
the schistosomula have the capacity at this stage to digest erythrocytes in order to feed on
hemoglobin (Mahmoud, 2001).

6) Adult worm stage

The female worm is thin and opaque due to hemozoin accumulation in the digestive tract and
is approximately 12-16 mm long. Conversely, the male worm is stocky-curved, measures 6 to
12mm long, and forms a gutter covered with irregular spines called the gynecophore canal
(Figure 7). Worms have a complex integument structure that plays multiple roles, including
protection against the host immune system, osmoregulation, and excretion. To complete her
sexual maturation and lay her eggs, the female enters the male's gynecophore canal, where she
finally lays eggs after copulation with the male worm. The pair of worms migrate to their
preferred microhabitats: the mesenteric veins for S. mansoni and the bladder plexus for S.
hematobium. These two environments are directly related to excretory organs and thus facilitate
the release of eggs from the host organism (Kusel et al., 2007).
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V.  Vectors agent of schistosomiasis transmission
Figure 7: Couple of adult male and female schistosomes in full fertilization (Ms et al., 2013).

1) Intermediate host
The intermediate host of the schistosome is a freshwater snail whose genus is specific to the
species of schistosome. It ensures the transformation of miracidia into mature sporocytes.
However, the miracidium has the ability to penetrate any snail genus, since the development of
viable sporocysts only occurs in a specific genus due to specific compatibility (Table 3)
(Vanderstraete, 2014).

Table 2: Intermediate host of each schistosomes species (Vanderstraete, 2014).

Intermediate host Species of schistosomes

Bulinus S. guineensis

S. heamatobium

S. intercalatum

Onconmelania S. japonicum
Biomphalaria S. mansoni
Tricula S. mekongi
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2) Definitive host

Human is not the only mammal involved in the complete cycle of the parasite as a definitive
host. Indeed, various other mammals, considered as secondary definitive hosts, can serve as
reservoirs for the parasite and are often used in preclinical studies for rapid experiments. These
include cattle, dogs, domestic pigs, ruminants, monkeys and many rodents (Di Bella et al.,
2018). In addition, some cases of zoonotic schistosomiasis have been described in humans
(McManus et al., 2018).

V1.  Life cycle of Schistosoma mansoni

Schistosomes are a digenic parasite which requires an intermediate host which is a mollusk and
a definitive host which is mammalian (human, mouse etc.) to accomplish its life cycle. Due to
the complex life cycle of all species of schistosomes, transmission requires fresh water to
mediate the indirect interaction between hosts (Figure 8).

The eggs shed in the feces of the definitive host hatch upon contact with fresh-water (1),
releasing the free-swimming ciliated miracidia that then infect the suitable intermediate snail
host (2) (Mt et al., 2014). Inside the snail, the miracidia transform into mother sporocysts
(cylindrical structure), which in turn produce daughter sporocysts by asexual reproduction (3).
After around 30 days post-infection, cercariae emerge from the daughter sporocysts and are
shedding by the snails in response to the light and heat (4). At this stage, the cercariae can
penetrate the skin of the definitive host upon skin contact (5). Following penetration of the skin,
the cercariae undergo morphological and biochemical changes, transforming into a juvenile
form (by cercariae’s tails falling), known as the schistosomula, which reaches the blood vessels
from the venules (6). Subsequently, they are passively transported to the lungs via the right
heart, before reaching the left heart, and then entering the arterial circulation. Schistosomula
can then migrate to, and live in, the lower mesenteric veins of the bowel (S. mansoni, S.
japonicum) or the pelvic venous plexus (S. haematobium) where they mature into adult male or
female worms (7). Once there, the females end up in the male’s gynaecophoral canal to form a
couple whose main purpose is the production of eggs by the female (about 5 weeks after
infection) over a period that in extreme cases may be as long as 20 years. Egg production
requires five to seven weeks from the time of the initial infection (Daniel G. Colley et al., 2014;
Gryseels et al., 2006a; McManus et al., 2018). Some part of these eggs passes through the
intestinal or bladder wall and are eliminated in the feces or urine perpetuating the Life Cycle
(1). However, another part is not eliminated and get trapped in several organs (mainly the liver

and intestines), inducing a potent granulomatous inflammatory response, responsible for
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schistosomiasis pathology (Daniel G. Colley et al., 2014; Gryseels et al., 2006a; Ross et al.,
2002).

Adult Worms

0\g

S. japonicum
v S, mansoni

N

Blood vessels

Definitive host

.............. Eggs o Cercariae
s, S
Aquatic | o

Oncomelania spp.
Snail (Intermediate host) (S.japonicum)

Figure 8: Life cycle of Schistosoma mansoni (Licé et al., 2023).

VIl.  Pathophysiology and clinical manifestation of human schistosomiasis

During its sexual stage in its definitive mammalian host (such as humans, mice, etc.), the worm
undergoes different developmental forms in various locations, leading to distinct pathologies
across three stages: the acute stage, the active established infection stage, and the chronic

infection stage (McManus et al., 2020).

1) Acute schistosomiasis

Before the acute stage itself begins, cercaria dermatitis is observed in response to excreted and
secreted products from penetrating cercariae; it is a maculopapular pruritus reaction of the part
of the body exposed to cercariae. Clinical manifestations include oedema, itching and
scratching of the skin and begin 2 to 3 days after the cercariae enter the host’s skin. These signs
may occur in individuals exposed to Schistosoma spp. infections for the first time, such as
travelers and migrants to schistosomiasis-endemic areas (McManus et al., 2018) but occur

mainly in individuals frequently exposed to infection in endemic zones (He et al., 1990;
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Khammo et al., 2002; Lambertucci, 2010; Rj et al., 2003) although it is sometimes
unrecognized (Appleton, 1984). The acute stage of schistosomiasis, also known as Katamaya
syndrome (for S. japonicum) or toxaemic form (for S. mansoni), develops during the sexual
maturation of the schistosomula into an adult worm as it migrates to the hepatic portal system
(3rd and 5th week after exposure and infection) (Licé et al., 2023). Symptoms observed are
mainly caused by systemic hypersensitivity reactions in response to released schistosomula
migrant’s antigen. During primary infection in non-immune individuals, the symptoms include
a high fever accompanied by chills, profuse sweating, asthenia, myalgia, headache, and non-
reproductive cough (Bottieau et al., 2006; Schwartz et al., 2000). However, acute
schistosomiasis is rarely observed in people living in areas endemic to S. mansoni or S.
haematobium. This lack of susceptibility to acute symptoms has been suggested to be due to in-
utero desensitization resulting in lowered immune responsiveness to schistosome antigens in
infants born to infected mothers (Secor, 2012) or to intense regulation of the immune response

following repeated exposure to cercariae (Sanin et al., 2015).

2) Establish active infection

Mainly observed in children with a long-standing infection and living in schistosomiasis-
endemic areas, the established active infection stage is characterized by a local inflammatory
response against parasite eggs and coincides with parasite oviposition (in stool for S. mansoni
and japonicum or in urine for S. haematobium) by adult worms (McManus et al., 2020).
Clinically, we note intestinal disease and hepatitis with granuloma presence (case of S. mansoni
and S. japonicum) or urogenital disease (S. haematobium). The resulting symptoms, which
include non-specific intermittent stomach pain, diarrhea, and rectal bleeding, are correlated to
the severity of the infection. These gastrointestinal features are often focal with pseudo
polyposis and polyposis interspersed with normal bowel. The granuloma formed is a complex,
well-organized multicellular structure and constitutes a compromise of the immune system
established to contain tissue lesions caused by proteolytic enzymes and immunological
substances released by the eggs (Aula et al., 2021; CDC, 2021; Fairfax et al., 2012; Gryseels
et al., 2006b; Hams et al., 2013). While the eggs are thought to induce most of the pathology
at this stage (Burke et al., 2009), the adult worms seem to hardly trigger any immune response
or symptoms. This observation is explained by the ability of adult worms to regenerate their
tegmental surface (due to the presence of somatic stem cells) and to bind host antigens to their
tegmental surface (thus camouflaging their own antigen surface to the host immune system)
(Daniel G Colley et al., 2014). Thus, at this stage of pathology, the death of adult worms and
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the reduction of pathology is virtually dependent on deworming by administration of anti-

helmetic drugs such as PZQ.

3) Late chronic infection

In most people frequently exposed to infection in endemic areas, the disease evolves to an
advanced chronic stage. Mature, patent schistosome infection associated may be intestinal
disease, hepatosplenic inflammation, and liver fibrosis in disease due to S. mansoni and S.
japonicum or urogenital infection (caused by S. haematobium) leads to obstructive disease in
the urinary and reproductive system (McManus et al., 2020, 2018). At this stage, people who
are continuously exposed develop a degree of acquired immunity to new infections; the worm
burden is thus greatly reduced, although this is also caused by the natural death of the parasites.
Furthermore, an exacerbated granulomatous response against parasite eggs is suggested to be
fatal for host tissues (intestinal and hepatic granuloma), as it is tissue-consuming and induces
periportal fibrosis accompanied by hepatosplenomegaly for S. mansoni and S. japonicum.
Owing to this immunological down-regulation, while newly formed granulomas are small in
size, each previously formed granuloma is progressively replaced by scaring fibrous tissue
(collagen deposition), contributing to a reduction in symptom severity (McManus et al., 2018).
However, some commonly infected individuals develop only weak immunoregulatory
responses to granuloma formation and consequently develop extensive fibrosis and subsequent
hepatosplenic disease with periportal fibrosis. Symptoms associated with this later stage of the
disease include upper abdominal discomfort with palpable nodules, hard hepatomegaly,
splenomegaly, ascites, and hematemesis due to esophageal varices as a complication of portal
hypertension, and can rapidly lead to death (Gryseels et al., 2006b). Substantial pulmonary
hypertension caused by granulomatous pulmonary arteritis can also occur in patients with
advanced hepatic fibrosis disease. The time from initial infection to advanced fibrosis is usually
5-15 years. However, periportal fibrosis can occur in children as young as 6 years, supporting

the need for screening and treatment of preschool-aged children (Gryseels et al., 2006b).
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VIIlI.  Immune response during schistosomiasis
The immune responses to Schistosomal antigens, which includes cytokines and
immunoglobulins, likely reflect the variations in the gene expression products of these antigens
throughout life cycles and their location within the schistosome organism (Oettle et al., 2023)
(Figure 9).

The skin is the first innate immune barrier that cercariae come into contact with (He et al.,
2005). It is made up of active cells that secrete cytokines with antibacterial properties
(Piipponen et al., 2020). These cells are mainly keratinocytes followed by langerhans and
dendritic cells (Hambrook and Hanington, 2020), which are amplified in the presence of
antigens, the excreted and secreted products released from penetrating cercariae (Paveley et al.,
2009). In this environment, the classically activated M1 macrophages are quickly recruited
(Vannella and Wynn, 2017); contributing not only to the production of proinflammatory
cytokines (Shapouri-Moghaddam et al., 2018) but also involved in the attraction and
activation of Thl cells (Orecchioni et al., 2019), thus constituting an important link between
innate and adaptive immunity. In contrast, cercarial excreted and secreted-products also
promote the activation of prostaglandin E2 and prostaglandin D2-producing keratinocytes,
which are molecules that induce the production of 1L10, which favor parasite survival (Licéa et
al., 2023). In fact, 1L10 has been shown to be elevated in patients stimulated with cercarial
excreted-secreted product (Hogg et al., 2003b; Turner et al., 2013). However, during
migration and sexual maturation of schistosomula, there is a predominance of Thl response
characterized by pro-inflammatory cytokines such as IL1, 2, 6 12, INF g, and TNF (Egesa et
al., 2018b; Zheng et al., 2020), which cause systemic and pronounced hypersensitivity from
the 3™ to 5™ post-infection week (Gryseels et al., 2006b). Th1 and proinflammatory cytokines
have been implicated in the antibody-independent killing of schistosomula in animal models
(Wynn et al., 1994) and the generation of Th1 response has also been associated with protective
immunity to S. mansoni (Brito et al., 2000; Cardoso et al., 2008; Mountford et al., 1992).

When egg production starts (5" to 6"-week post-infection), the host immune mediators become
efficiently polarized to the Th2 profile which is associated with increasing production of anti-
inflammatory cytokines including 1L4, 5, 9, 10, and 13 (Burke et al., 2009; MacDonald et al.,
2002). These changes are in response to soluble egg antigens (SEA) that are composed of a
complex mixture of immunostimulatory antigens (Hams et al., 2013) that are known for their

ability to condition DCs to initiate the induction of the Th2 profile (Mouser et al., 2019), whose
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cytokines are anti-inflammatory with the ability to inhibit Thl responses (Mewamba et al.,
2021). The discrepancy between Thl and Th2 responses is critical and the induction of both
Thl and Th2 is needed to balance effector responses and limit immunopathology. Indeed,
immunopathology associated with schistosomiasis in mice (Hoffmann et al., 2000) and in
humans (Mbow et al., 2013) is a result of unregulated and highly polarized Th1 or Th2 immune

responses.

When the infection becomes chronic, a large amount of IL-4 and IL-13 is produced (Kamdem
et al., 2018). These cytokines have the ability to inhibit type 1 macrophages and activate type
2 macrophages (alternatively activated), mainly via STAT-6 activation (Enderlin Vaz da Silva
et al., 2014; He et al., 2020). In fact, M2 macrophages also have anti-inflammatory and
immunoregulatory cytokines characterized by low production of IL-1, IL-6, and TNF-a and
high production of I1L-10 and TGF-p, as well as the chemokines CCL1, 12, 18, 22, and 24
(Yunna et al., 2020). Along with M2 macrophages, Th-reg cells in the chronic stage of
infection are responsible for the immunomodulatory responses against Thl and Th2 responses
by also secreting IL10 and TGF-b (Zheng et al., 2020). IL-10 is presumed to be involved in the
differentiation of B cells into switched B cells producing 1gG4 (Satoguina et al., 2005) that can
regulate the pathology at the chronic stage of the illness. Indeed, 1gG4 compete with IgE for
shared antigenic epitopes (mainly from the parasite eggs), but being neither able to recruit and
activate mastocyte and basophil cells as IgE do, nor to activate the complement system, they
act as powerful inhibitors of the granulomatous response at the chronic stage of the disease
(Aalberse et al., 2009).
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Figure 9: Different immune response profiles during Schistosomiasis infection (Lic4 et al.,
2023).

Impact of schistosomiasis infection on cognitive and academic performance

Cognitive ability encompasses an individual's mental capacity to learn, comprehend, recall,
solve problems, grasp abstract concepts, and think creatively (Shi and Qu, 2022). It stands as
a pivotal psychological factor influencing the execution of various activities (Sternberg and
Sternberg, 2022). This capacity involves the brain's proficiency in storing, processing, and
retrieving information, including skills such as attention, memory, and reasoning (Shi and Qui,
2021). In contrast, academic performance typically gauges academic achievement and skill,
reflecting the depth of knowledge and learning a student has acquired through training and
education (Shi and Qu, 2022).

Within the multifactorial landscape of morbidity in schistosomiasis-endemic areas, cognitive
impairment has garnered significant attention, endowed with indirect implications (Daniel G
2014; Gryseels et al., 2006b; McManus et al.,

impairment arises from the close interaction between inflammatory cytokines from immune

Colley et al., 2020). The focus on cognitive
cells during infection and the central nervous system (Daniels et al., 2014; TSAO et al., 2001;
Varatharaj and Galea, 2017). Many authors have postulated that immunological changes in

chronically schistosomiasis-infected hosts are the primary contributors to cognitive impairment

____________________________________________________________________________________________________|
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(Ezeamama et al., 2018, 2005; King and Galvani, 2018; Mazibuko and Chimbari, 2020;
Nelwan, 2019; Xie et al., 2019). This observed effect results from the passage of systemic
cytokines and their receptors through the blood-brain barrier, either via the neural afferent
pathway or the circumventricular organ through perivascular space. This passage triggers the
production of brain cytokines, modulating neuronal responses and, consequently, cognitive
abilities (Fung et al., 2012; Kasambala et al., 2023a).

Academic performance is often considered a tangible outcome that reflects cognitive abilities,
concentration, and memory. The alteration in cognitive functioning due to schistosomiasis
infection prompts inquiries into its potential repercussions on academic performance. The
relationship between cognitive and academic performance has been extensively debated. While
the traditional view regards cognitive abilities as foundational for academic development
(Sternberg et al., 2008), a meta-analysis of intervention studies challenges this notion. It
suggests that direct academic instruction, encompassing subjects like reading and math,
substantially enhances cognitive abilities and 1Q (Stockard et al., 2018). Additionally, the
theory of mutualism challenges the common assumption of a unidirectional influence of
cognitive abilities on academic achievement, proposing that various skills become mutually
related during human development (Van Der Maas et al., 2006). Finally, the proposition that
factors influencing cognitive abilities also impact academic performance, and vice versa, adds

complexity to this intricate relationship (Peng and Kievit, 2020).

X.  Diagnostic methods
The diagnosis of schistosomiasis is mainly done using three types of tests namely microscopic,

immunological and molecular methods.

1) Microscopic methods
Kato Katz (KK) is the most universally applied test for intestinal schistosomiasis. It consists of
performing a microscopic examination of a fecal smear to reveal the eggs of the schistosomes
decolorized by malachite green. This technique provides a high diagnostic specificity in
endemic areas where parasite loads are high. However, the detection limits become low when
applied in non-endemic areas or in the diagnosis of early-stage infections where parasitemia is
low (Barenbold et al., 2017).

2) Immunological methods
Immunological methods detect parasite antigens or host molecules in biological fluids. One key

technique is ELISA (Enzyme-Linked Immunosorbent Assay), which is used to detect and

|
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measure antigens, antibodies or cytokines in samples. ELISA is widely used in medical
diagnostics, research, and quality control because it offers flexible solutions for various needs.
Each of the four types of ELISA has unique features suitable for different applications.
Choosing the right method depends on the specific needs, sample type, and available resources
(Sulahian et al., 2005).

- Direct ELISA: This method involves attaching an antigen directly to a surface and
detecting it with an enzyme-labeled antibody. It’s simple and quick, needing fewer steps
and reagents, but may be less sensitive and specific because the antigen must be well-
immobilized on the plate.

- Indirect ELISA: This method detects specific antibodies using a known antigen and an
enzyme-labeled secondary antibody. It increases sensitivity by amplifying the signal, as
multiple secondary antibodies can bind to a primary antibody. However, it is more
complex and requires careful control to avoid cross-reactivity.

- Sandwich ELISA: This method uses two antibodies: a capture antibody fixed to the
plate and a detection antibody. It is highly specific, making it ideal for detecting
cytokines or antibodies in complex samples. However, it requires well-matched
antibody pairs, which can be costly and time-consuming to develop.

- Competitive ELISA: This method involves competition between the sample antigen
and a labeled antigen for binding to an antibody. It is useful for detecting small
molecules and measuring very low antigen concentrations but can be less precise and

needs careful optimization to avoid interference.

Additionally, Circulating Anodic Antigen (CAA) and Circulating Cathodic Antigen (CCA)
techniques are employed to detect egg antigens in the serum or urine of infected individuals
(Ross et al., 2002).

XI.  Control and prevention strategies

1) Antivectorial challenges

For the eradication of mollusks, molluscicides were the mainstay of schistosomiasis control up
until the 1970s, but newly created drugs for human use eventually took over (Sturrock, 2001).
Despite the use of niclosamide, a chemical that is generally reliable, molluscicide has always
had significant problems. When these short-lived chemicals are used, aquatic organisms die,
but the few surviving snails are able to repopulate the site shortly after disinfection, thus making

long-term control of schistosomiasis difficult (Long, 2018). However, local communities are
|
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hesitant to accept yellowish water bodies and fish dying due to molluscicidal effects. Chemical
snail control has seen a surge in literature, with plant-derived molluscicides being explored for
local development. However, none have achieved high efficacy or mass production. In addition,
snail control using predatory or competing organisms like fish or different snail species is still
unavailable (Cioli et al., 2014).

2) Treatment of schistosomiasis

PZQ, a highly optimized compound, was developed by Merck in Germany to find new
tranquillizers. Indeed, it is a derivative of pyrazinosoquinolone, discovered in 1972, and was
first used to treat schistosomiasis in animals before being repurposed for humans use (Chai,
2013; Olliaro et al., 2011). This selected product remains unsurpassed and unequaled for its
combined high standard of safety and antischistosomal efficacy among countless chemical
screened (Andrews et al., 1983). The treatment with a standard dose of 40 mg/kg results in 60—
90% cure and 80-95% egg reduction in uncured patients (Cioli et al., 2014). As a potential
lack, PZQ does not act on all stages of the parasite. Schistosomes are susceptible for the first
few days after infection, and decrease to a minimum around day 28 then resume gradually after
weeks 6-7 (Aa et al., 1986). In endemic areas, the presence of immature parasites is likely
common, so for a high cure rate, additional chemotherapy was proposed two weeks after the
first (Renganathan and Cioli, 1998; Utzinger et al., 2000). Short-term adverse reactions are
common, usually mild and short-lasting, but the frequency and severity are directly correlated
with pretreatment infection intensity, suggesting the implication of dying schistosomes and
their products in the mediation of these adverse response. Allergic reactions are rare, but in
some instances, they could be attributed to PZQ due to specific desensitization (Kyung et al.,
2011). The use of PZQ as the only drug for schistosomiasis treatment may raise the risk of
developing resistant schistosomes strain. However, there is no significant resistance observed
in the field or in laboratory because the reported cases of decreased drug sensitivity are not of
sufficient magnitude to undermine the public health value of PZQ sensitivity, and this testifies
to the fantastic quality of PZQ (Cioli et al., 2014). Some factors that may affect the overall cure
rates are the immaturity of the worms, the coverage of the MDA, and the immune response of
the host. The mechanism of action of PZQ is mysterious. PZQ could induce a massive influx
of calcium, which in turn causes muscle contraction and tegument alteration in the parasites
(Greenberg, 2005). To do so, it probably acts on a variant subunit of calcium channels,
common to other organisms sensitive to PZQ, but the details of the molecular events of its
action are inaccurate, and other assumptions are possible (Pica-Mattoccia et al., 2008). PZQ

|
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derivatives have been tested, but none were better than PZQ. It’s still unclear which mechanism

of action prevents the rational design of improved analogs.

As an alternative to PZQ, oxamniquine is an old drug, safe and effective, but only against S.
mansoni. Basically, it’s a prodrug activated by a S. mansoni sulfotransferase, which is also at
the heart of the resistance observed with this drug (Pica-Mattoccia et al., 2006). However,
biomimetic-based redesigning of oxamniquine derivatives is an ongoing research project with
the hope of reaching extended activity for other species of schistosomes (Cioli et al., 2014).
Artemisin derivatives are the first-generation of antimalarial drugs but also have
antischistosomal properties, especially against immature stages. When they are combined with
PZQ, they achieve a better cure rate (Pérez del Villar et al., 2012), but the risk of developing
resistant strains of plasmodium has limited their use in co-endemic areas. Many other drugs are
not mentioned but still hold promising potential for the development of new antischistosomal
drugs.

3) Others control measures

A wiser approach to controlling and eliminating schistosomiasis as a public health problem is
the development of other non-medical measures which could prove more rewarding in the long
run. The often-recommended integrated approach includes interventions in sanitation, water
supply and health education (WHO, 2021). These interventions aim to empower communities
with knowledge about the disease's transmission cycle, risk factors, and preventive behaviors.
Effective health education programs can raise awareness about the dangers of contact with
contaminated water and promote practices like safe water use, proper sanitation, and
handwashing with soap (Phillips et al., 2022). This empowers individuals, particularly
children, to make informed decisions that minimize their exposure risk. However, successful
health education requires a culturally appropriate approach, utilizing engaging methods like
interactive workshops, community dialogues, and educational materials tailored to the target
audience (Dawaki et al., 2015). Research suggests that integrating health education with
WASH interventions can significantly improve long-term behavior change and contribute to

sustainable schistosomiasis control efforts (Phillips et al., 2022).

|
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CHAPTER II: MATERIAL AND METHODS
I. Ethics statement

The renew version of ethical clearance (No 2022/12/1505/CE/NECRHH/SP) from the original
study was granted by the National Ethic Committee for Research in Human Health (NECRHH)
of Cameroon. Subsequently, administrative authorizations were obtained from the ministries of
Basic education and public health in Yaoundé (Cameroon), from traditional authorities and
schools directors. Information sessions were organized with all selected school directors of the
locality and local authorities/representatives such as the Senior Divisional Officer of Bokito,
the Chief physician of the Bokito Hospital, the representative of the Ministry of basic education
in Bokito, schools Directors and village leaders. With teachers, parents, legal guardians and
school children, another information session was organized to obtain parental informed

consents and informed assents.

Il.  Study site and location

The study was carried out in five public schools near contaminated rivers in different villages,
namely Bongando, Ediolomo, Kedia, Yoro 1, and Yoro 2, which are all located in the Bokito
subdivision in Cameroon's Centre region. The region was found to be highly endemic for S.
mansoni infection by previous studies (Kamdem et al., 2018; Moyou-Somo et al., 2003).
Briefly, Bokito subdivision, is situated in the Mbam and Inoubou Division, approximately 100
km away north from Yaoundé, the country’s political capital (Figure 10). It is in an
intermediate zone between savannah and forest. The local occupations of the inhabitants
include fishing and farming. The villages are watered by many streams mainly Lebomo and
Okole, and the socioeconomic situation of these neighborhood villages appears to be quite

similar.
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Figure 10: Localization of the study site (Kamdem, 2020)

Study population and participants

To conduct this study, we have used data and samples from participants enrolled in a larger
previous study involving consenting school-aged children from public schools near

contaminated rivers in five villages (Kamdem, 2020).

This previous study was cross-sectionally conducted five months after a general mass drug
administration (MDA) by the Cameroon National Program for the Control of Schistosomiasis
and Soil-Transmitted Helminthiasis (CNPCSSTH) and spanned six months, from September to
December 2018 (Kamdem, 2020). The study included school-aged children who had lived in
the endemic area for at least six months, were in apparent good health (confirmed by clinical
examination), and attended one of the five public schools mentioned. Children showing clinical
signs of anemia or testing positive for Hepatitis B/C or Geohelminths were excluded. After
administering a questionnaire, participants were screened for schistosomiasis infection using
the Kato-Katz (KK) technique and for liver fibrosis using ultrasound (US) (Kamdem, 2020).

In the present research study, which spanned ten months from July 2023 to April 2024, we
conducted a retrospective study to investigate the effects of cumulative PZQ treatments
(received indefinitely to at least 5 months before the cross-sectional data and sample
collections) on S. mansoni infection across several domains: infection levels, hemoglobin

.|
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levels, liver fibrosis, academic performance, plasma antibody levels, and plasma cytokine
levels. Using convenience sampling based on the availability of data, we formed seven groups
of participants from the original study who had relevant data on PZQ to address these domains

in this nested project (Figure 11).
Selection criteria

—> Inclusion criteria: All school children attending the aforementioned schools, for whom
signed informed consent and assent were obtained, were included in the study.
- Non-inclusion criteria: School children who had resided in the study area for less than
six months, or were under medication at the time of the study were not included.
- Exclusion criteria:
¢ Children showing clinical signs of anemia or testing positive for Hepatitis B/C
or Geohelminths were excluded.
e School children with missing essential data for analyses or whose collected

plasma samples were incomplete were excluded from the study.

|
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Figure 11: Flow diagram describing the enrolment strategy, examination process and designing
of participant groups for each experimental query. For the selection of participants for the
assessment of the effect of differential numbers of praziquantel treatment rounds, enrolled
participants with provided consent / assent, free from concomitant infections with hepatitis B
or C or Geohelminths and presenting with a robust record of their number of PZQ treatment
rounds received were selected and their data and samples prepared for downstream analyses.
Infection was defined as the presence of S. mansoni eggs in the participant’s stool, as observed
by Kato Katz technique; Liver fibrosis was defined using the liver image pattern (LIP) score.
For clinical assessment, participants with PZQ history data were analyzed for the likelihood of
having a S mansoni infection, as judged by Kato Katz (n=155); probed for the variation in their
hemoglobin levels (n = 47) or presence of liver fibrosis (n=41). Cognitive performance
depending on the number of rounds of PZQ received was also assessed testing first the average
mark of participants depending on their PZQ treatment rounds numbers (n = 35) and seeking
for supporting evidence by assessing the class over age ratios distribution in this population
(n=35). Finally, immunological assessment of the changes that might be due to the differential
numbers of PZQ rounds of treatment received by participants was questioned by either checking
the dynamics of the plasma IgE and 1gG4 levels (n=25); the plasma cytokine levels for GM-
CSF, IL-2, IL-33, IL-4 and VEGF (n=10). Sample size calculation for each experimental query
is provided to ensure a minimum power of 80% in these analyses. KK: Kato-Katz, PZQ:
Praziquantel, Maquisard: an EDCTP and UK Royal Society funded study on school children
from rural Cameroon.

V.  Sample size calculation

To ensure robust and statistically powerful analyses, realistic sample sizes for each of the
mentioned domains were calculated based on relevant outcomes from previous studies
(Coutinho et al., 2006; Hoekstra et al., 2020; Kasambala et al., 2023b; Ramirez et al., 1996;
Sorgho et al.,, 2017; Yuan et al., 2012). These sample sizes allowed for the detection of
statistically significant effects of repeated PZQ treatment on the targeted outcomes with a high

degree of confidence.

The appropriate sample size for each analysis, was determined using the WHO formula
(Lwanga et al., 1991). Specifically, a one-sided approach was applied for hypothesis testing

for:

e Two population proportions (impact on infection, impact on average mark and class/age

in school)

2
— _ 2
"= \rac <Z{1—a} ewa—wn " fu-p J{P1<1_p1)+Pz(1_p2)}> (A= )

Hypothesis testing for two population proportions
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Two population means (impact on Hemoglobin levels, impact on plasma antibody levels,

and impact on plasma cytokine levels)

n =\frac {202(2{1-“}+ Z{l‘f‘})z}{(lh — U2)%}

Hypothesis testing for two population means

Estimating a sample size with specified relative precision and odd ratio (impact on liver

fibrosis). The formula for sample size (n) calculation is as follows:

n =\frac {Z{zl_%}} {[\loge(1 _ 5)]2} ( \frac{1} {pl*(l - Pi‘)} +\frac{1} {PZ*(l - P—})})

Estimating a sample size with specified relative precision and odd ratio

We calculated the minimum sample sizes for each group receiving different PZQ treatment

schedules using the following assumptions: a significance level of 5% (a = 0.05), a 95%

confidence level (z = 1.96), and a desired power of 80% (1-p = 0.80). For the fibrosis sample

size calculation, a relative precision of 0.96% was assumed. The resulting sample sizes are as

follows:

32 participants per group for the impact on infection (112/43)

12 participants per group for the impact on Hemoglobin levels (29/18)

04 participants per group for the impact on liver fibrosis (14/4)

05 participants per group for the impact on average mark and class/age in school (27/8)
07 participants per group for the impact on plasma antibody levels (7/18)

05 participants per group for the impact on plasma cytokine levels (5-6/5-6)

.|
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Data collection
1) Sociodemographic data, PZQ treatment, and cognitive performance

These data were investigated and collected at the time of the original project. Each schoolchild
was interviewed by a team member, with assistance from a parent or legal guardian and the
class teacher. During these interviews, the purpose and methodology of the study were clearly
explained. Demographic data such as gender, age, height, weight and frequency of contact with
surrounding water were recorded for each schoolchild.

The number of previous PZQ treatments received was documented. To mitigate bias related to
potential oversight of the number of PZQ treatments, the information obtained from children
was cross-verified with their parents or legal guardians and further confirmed with the local

education inspector.

To assess cognitive performance, quarterly average marks were first collected from the class
register provided by the teacher counting as the academic performance. Furthermore, each
child’s age-related grade was modeled as an index of academic progression, considering that
age variation within a class due to grade repetition could indicate cognitive abilities (Sunny et
al., 2017). This was achieved by recoding the different classes (ranging from SIL to CE2) into
numeric scales from 1 to 6, and then calculating the ratio between this recoding and the child’s

age. These approaches were replicated in all five villages.

2) Blood and stool samples collection and storage

Blood and stool samples were collected during the original project. Whole blood was collected
from participants in a private room under aseptic conditions by an experienced phlebotomist,
following the procedure described elsewhere (Hammad et al., 2010). Specifically, 5ml of blood
was drawn using a 21G needle into BD Vacutainer® glass plasma tubes with sodium heparin
as an anticoagulant. The samples were stored in coolers with ice packs and transported to
Cameroon’s National Public Health Laboratory (NPHL) in Yaoundé. In the laboratory, the
blood was centrifuged at 3000 rpm for 5 minutes, and plasma samples were aliquoted into 1.5
mL Eppendorf tubes within one hour and stored at -80°C until assays were performed. Sharps

containers and well-labeled plastic bags were used for waste disposal.

Two stool samples for the detection of eggs were collected from each participant within a span
of 5 days (Katol at day 0 and Kato2 at day 5) into a 50 ml pre-labelled and codified screw-cap
vial stool container. Subsequently, within three hours, collected stool samples from each of the
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five sites were transported to the ImmunoBiology and Helminth Infections (IBHI) unit at the
Ministry of Scientific Research and Innovation (MINRESI) in Yaoundé, Cameroon, for
parasitological analyses. Upon arrival, sodium azide was mixed with each sample, which was
then stored at -20°C for up to 3 days before analysis. This procedure was replicated over the

course of two days of stool collection.

VII. Procedure

Except for the ELISA and statistical analysis steps, all the following procedures were originally

performed as part of the initial project.

1) Hemoglobin measurement

The Tallquist Hemoglobin Scale was employed to measure hemoglobin levels with meticulous
precision following the manufacturer instructions (Alsayed, 2020). Initially, the fingertip was
cleansed with an alcohol swab to ensure sterility. A lancet was then used to gently puncture the
skin, allowing a drop of blood to form naturally. This drop was carefully absorbed onto an
absorbent paper swatch from the Tallquist Kkit, ensuring an even distribution and avoiding any
smearing. After collecting the blood sample, the fingertip was promptly cleaned with a sterile
gauze pad to remove any residual blood. An adhesive bandage was then applied to protect the

puncture site and prevent contamination.

Once the blood was fully absorbed, the stained paper was compared against the Tallquist
Hemoglobin Scale under natural light to maintain accuracy. By aligning the color of the blood
stain with the closest match on the scale, the hemoglobin level was determined (Figure 12).
This process provided a qualitative approximation of hemoglobin concentration. Each
measurement was meticulously recorded to ensure that the data was reliable and consistent for
further analysis. Throughout the procedure, best practices were adhered to, maintaining the

integrity of the results and ensuring the safety of the laboratory environment.
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Figure 12: Tallquist haemoglobin scale

2) Parasitological examination of stool sample by Kato Katz technique

The Kato Katz (KK) technique was applied to detect the presence (KK+) or absence (KK-) of
parasite eggs. From each stool sample, two KK smears were prepared and independently
examined for the detection and quantification of parasites eggs using optical microscopy (Leica
Microsystems, DM2000, Germany) at 10X and 40X magnifications, following established
protocols (Borda and Pellegrino, 1971; Katz et al., 1972). The prepared KK smears were
examined by two experienced laboratory technicians. On a labeled microscopy slide, we used
a spatula to transfer 41.7 mg of stool sample on microscopy slide through sieve (square template
with 6mm of diameter and 1.5 mm of depth). We pressed a piece of cellophane, which has been
soaked overnight in a Kato solution of malachite and glycerol (dilute 0,5g of malachite green
powder in 100 ml of distilled water then take 1 ml of malachite stock solution and add to 100
ml 50% of glycerin) on a stool sample; and left for clearing time around 30 to 60 min prior
analysis under the light of a microscope. The arithmetic means of eggs counted from the
readings (four KK smears per participant) was considered as the participant burden.
Additionally, for quality control assessment, 20 randomly selected slides were re-examined by
a third laboratory technician for comparison. The eggs counted for each sample were recorded
as eggs per gram (EPG), while samples with zero eggs were recorded as negative. The number
of S. mansoni eggs was counted, recorded, and multiplied by 24 to determine the number of
eggs per gram of feces. Infection intensity was classified as light (1-99 EPG), medium (100-
399 EPQG), or heavy (>400 EPG) according to the WHO guidelines (WHO, 2022a). Table 4
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below describes the categorizations of S. mansoni infection intensity according to the WHO
guidelines.

Table 3: Categorizations of infection intensity for S. mansoni.

Schistosoma spp. | Infection categories | Number of eggs | Unit

Light 1-99
) Eggs Per Gram
S. mansoni Moderate 100-399
(EPG) of stool
High >400

3) Ultrasonographic examination of participants’ abdomen

Participants were examined using a portable ultrasonography device (ultrasound scan Vivid E,
General Electric, MEDICAL SYSTEMS, CHINA, CO., LTD, REF 5198983, SN 78856WX2)
with convex transducer (SHENZHEN MINDRAY BIO-MEDICAL ELECTRON I CS CO.,
LTD, SN: AGH86175750) with adjustable frequencies from 2 to 7 Megahertz depending of the
corpulence of the participant. All investigations were done by the same radiologist who was
unaware of the infection status of the examined participants. The procedure was performed as
follows (Kamdem et al., 2020). Briefly, participants were placed in the supine position, with
the maximum abduction of the right arm to make accessible the right hypochondrium and to
increase intercostal space (to improve the acoustic window). After having spread sufficient
amount of gel, the probe was place parallel to the intercostal space. To ensure reliable
acquisition, a pressure was applied to the probe when scanning the liver. This action decreased
tissue thickness between the probe and the ribs. Pathologic lesions associated with S. mansoni
infection were defined and recorded according to the WHO guidelines on the assessment and
quantification of S. mansoni morbidity (Richter et al., 2000). Patients with Liver Image
Patterns (LIP) grade from C to F was interpreted as positive for liver fibrosis and those with
Liver Image Patterns (LIP) grade A or B were considered as negative for liver fibrosis (final
score 3— 14/ LIP C - E) as shown in Figure 13 below.
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Figure 13: Image patterns with their grades (Hatz et al., 1992).

4) Sandwich ELISA test
4.1)  Principle

The Sandwich ELISA test adopts a quantitative sandwich enzyme immunoassay technique. A
capture antibody specific to the target antibody (Figure 12) or cytokine (Figure 13) is pre-coated
onto a microplate. Standards and samples are added to the wells, where the target antibody or
cytokine binds to the immobilized capture antibody. After removing unbound substances, a
biotin-conjugated antibody specific to the target is added to the wells. Following a wash to
remove unbound substances, avidin-conjugated Horseradish Peroxidase (HRP) is added. After
another wash to remove unbound avidin-enzyme reagent, a substrate solution is added to each
well. Wells containing the target antibody or cytokine, biotinylated detection antibody, and
Avidin-HRP conjugate will turn blue. The enzyme-substrate reaction is stopped by adding a
stop solution, which turns the color yellow. The optical density (OD) is measured
spectrophotometrically at a wavelength of 450 nm + 2 nm. The OD value is proportional to the
concentration of the target antibody or cytokine in the sample. The concentration of antibody
or cytokine in the samples can be calculated by comparing the OD of the samples to a standard

curve.
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Figure 14: Diagram illustrating the principle of the sandwich ELISA assay for antibodies.
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Figure 15: Diagram illustrating the principle of the sandwich ELISA assay for cytokines.
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4.2) IgE and IgG4 quantification

Human IgE and 1gG4 sandwich ELISA kits (Human IgE ELISA Kit, Catalog Number:
EKC31252 and Human IgG4 ELISA Kit, Catalog Number: EKE61042) were used to quantify
immunoglobulin levels (total IgE and IgG4) in participants’ plasma samples, following the
manufacturer’s protocol (BIOMATIK). First, all reagents and samples were brought to room
temperature and centrifuged after thawing. Reagents, working standards, and samples were
prepared according to the manufacturer’s instructions. In the pre-coated plate with an anti-
isotypic antibody specific to the target antibody, 50 puL of standard and sample were added to
the designated well, covered, and incubated for 2 hours at 37°C. After removing the liquid, 50
uL of Biotin-antibody (1x) was added, and the plate was incubated for 1 hour at 37°C. The
wells were then washed three times with 200 pL of diluted wash buffer, ensuring complete
removal of liquid. Next, 50 uL of HRP-avidin (1x) was added, and the plate was incubated for
1 hour at 37°C. The wash process was repeated five times. Subsequently, 50 uL. of TMB
Substrate was added, and the plate was incubated for 15-30 minutes at 37°C, protected from
light. Finally, 50 uL of Stop Solution was added, and the plate was gently tapped to mix. The
optical density (OD) was determined within 5 minutes using a microplate reader set to 450 nm.
For result calculation, professional software like “Curve Expert” was used to generate a
standard curve. This procedure ensures accurate measurement of immunoglobulin levels using
the ELISA Kkits.

4.3) Cytokines quantification
Human GM-CSF Sandwich ELISA Kit (RayBiotech; LOT: 1009200267), IL-4 Sandwich
ELISA Kit (Proteintech, Barcode: 20005524, Cat No: KE00034), IL-2 Sandwich ELISA Kit
(Proteintech, Barcode: 40001524, Cat No: KEO00017), VEGF Sandwich ELISA Kit
(Proteintech, Barcode: 40001452, Cat No: KE00216), and IL-33 Sandwich ELISA Kit
(BioLegend, Inc. USA Cat No: 435907) were used to evaluate cytokine concentrations in
participants’ plasma samples according to the manufacturers’ protocols. All reagents and
samples were brought to room temperature, and samples were centrifuged after thawing.
Standards and samples were prepared and assayed in duplicate. Following the specific kit
instructions, 100 puL of standards and samples were added to designated wells pre-coated with
the capture antibody, incubated, and washed as required. Detection antibodies and enzyme
conjugates were added sequentially, with incubation and washing steps between additions.
Substrate solution was added, and the reaction was stopped after the recommended incubation

period. The optical density (OD) of each well was measured using a microplate reader set to
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450 nm. Standard curves were generated under the same experimental conditions, and these
curves were used to determine the cytokine concentrations in the plasma samples. All assayed

samples fell within the detection range, ensuring accurate quantification of cytokines.

VIII.  Statistical analysis

Excel software was initially used to manually enter all the collected data. A laboratory team
member then cross-checked the generated database for potential mistakes (duplications,
omissions, errors, etc.). RStudio (version 4.3.1) was subsequently used to perform statistical
analyses, and GraphPad Prism (version 10.1.2.324) was used to plot graphs
(https://www.graphpad.com/).

Data were summarized using descriptive measures such as means, medians, frequencies, and
percentages. The normality of the data was initially checked using the Shapiro-Wilk test.
Comparisons between two groups were performed using independent Student’s t-tests or their
non-parametric equivalent, the Mann-Whitney test. Similarly, ordinary one-way ANOVA or
Kruskal-Wallis tests were used for multiple group comparisons depending on the distribution
of the data, followed by the Tukey post-hoc test. To evaluate correlations between two
continuous variables, Pearson correlation tests were used for normally distributed data and

Spearman correlation tests for non-normally distributed data.

The thresholds for severe morbidity were defined based on data from existing literature for
prediction analysis (Alsayed, 2020; Ezeamama et al., 2018; Kamdem, 2020; Sunny et al.,
2017; WHO, 2022a). Multivariate logistic regressions were therefore conducted to assess the
predictive potential of cumulative PZQ treatments on various outcomes, including S. mansoni
infection (positive KK tick smear), high infection burden (greater than 100 EPG of feces), high
hemoglobin levels (greater or equal to 11 g/dL), infection with fibrosis (positive KK tick smear
and abdominal ultrasound examination), good academic performance (average mark > 12), and
good academic progression (class/age > 0.50). Each model included covariates such as age, sex,
BMI, and contact with contaminated water to control for potential confounding factors. For all

of the above analysis, a p-value of less than 0.05 was considered statistically significant.
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CHAPTER I11: RESULTS AND DISCUSSION

I.  RESULTS

1) Demographic characteristics of the study participants

Six experimental queries were defined to analyze the impact of the cumulative number of PZQ
treatments on: infection rate, hemoglobin levels, liver fibrosis, average mark, class/age ratio,
plasma antibody levels, and plasma cytokine levels. Table 4 presents the sociodemographic
characteristics of the study participants, including age, sex ratio, BMI, and daily frequency of

contact with contaminated water, across two groups based on PZQ treatment (0-2 PZQ and >2

PZQ).

Across all six experimental queries, a total of 292 school-aged children, aged 5 to 18 years,
were sampled. They were divided into two groups based on the cumulative number of PZQ
treatments received since birth (0-2 PZQ and >2 PZQ) as shown in Table 4. The data indicate
that age, gender, BMI, and water contact frequency remained relatively consistent across the
treatment groups for most analyses (p-value > 0.05, Table 4). However, participants with >2
PZQ treatments were significantly older than those with 0-2 PZQ in the analysis of PZQ's
impact on infection (p=0.01, Table 4). These results suggest that the sociodemographic
characteristics were well-balanced across the PZQ treatment groups, facilitating a fair

comparison in subsequent analyses.
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Table 4: Social demographic characteristics of the participants

Variables | Age in years: Sex ratio BMI Freq contact with
Mean (SD) (Male / Female) Mean (SD) water/day
Mean (SD)
PZQ groups
Impact on infection (available Kato Katz data) n = 155
0-2 PZQ (112) 9.23 (1.79) 68/44 15.31 (1.37) 1.85 (0.76)
p=0.01 p=0.46 P=0.15 [ p=0.57

>2PZQ (43) | 10.00 (1.66) 23120 15.67 (1.29) 1.93(0.73)

Impact on Hemoglobin levels (available Hemoglobin data) n = 47
0-2 PZQ (29) 9.86 (1.48) 18/11 15.85 (1.44) 2.04 (0.90)

p:O .67 p=0 .68 p=0 91 172(066) """" p:O A3

>2PzQ (18) | 10.17 (1.65) 8/10 15.96 (1.05)

Impact on liver fibrosis (available ultrasonography data) n = 18
0-2 PZQ (14) 10.36 (2.02) 8/6 16.17 (1.46) 2.14 (0.86)

p0.42 p>0.99 p=034 55 g5y P=04

>2PZQ (4) | 12.25(2.36) 31 17.00 (1.59)

SD: Standard Deviation; BMI: Body Mass Index; Freq: Frequency; n: number of participants; PZQ: Praziquantel; p: p-value.
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Table 4: Social demographic characteristics of the participants

Variables | Age in years: Sex ratio BMI Freq contact with
Mean (SD) (Male / Female) Mean (SD) water/day
Mean (SD)
PZQ groups
Impact on average mark and class/age in school (available mark data) n = 35
0-2 PZQ (27) 9.81 (2.05) 17/10 15.85 (1.63) 2.29 (0.91)
S2pz0 @) | 9758y | PO [Taa PO s gy POt [T2e) T PO
Impact on plasma antibody levels (available IgE and 1gG4 data) n = 25
0-2 PZQ (7) 10.28 (2.36) 3/4 16.07 (1.65) 2.28 (0.95)
S2pzQ@8) | 102262 PO [Taie P00 01 w05y P02 [ 17706y PO
Impact on plasma cytokine levels (available cytokine data) n = 12
0-2 PZQ (6) 10.00 (2.44) 3/3 16.16 (1.79) 2.50 (0.83)
S2pzQ(6) | 1083 war) PO [Ten PRt eaa sy P08 200 08g) | PO

SD: Standard Deviation; BMI: Body Mass Index; Freq: Frequency; n: number of participants; PZQ: Praziquantel; p: p-value.
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2) Effect of repeated PZQ treatments on clinical phenotype

To assess the impact of cumulative PZQ treatment on clinical outcomes, we examined how the
number of PZQ treatments received since birth affects S. mansoni infection, infection load
(measured as eggs per gram of feces, EPG), plasma hemoglobin levels and liver fibrosis (see
Figure 16). To meet the conditions for Fisher's Z test, we initially defined three treatment

groups, which were later consolidated into two groups for the Mann-Whitney U tests.

Clinically, the percentage of participants infected with S. mansoni did not vary significantly
across the defined three ranges of received PZQ treatment since birth (p = 0.58; Figure
16A). However, participants who received 0-2 PZQ treatments had a significantly higher
percentage of moderate infections compared to those who received more than 2 treatments (p
= 0.01; Figure 16B). Additionally, SAC who had received a higher number of PZQ treatments
since birth were less likely to have a high parasite egg burden (r =-0.33, p = 0.04; Figure 16C).
Regarding the effect of PZQ treatment on plasma hemoglobin levels, our study found that an
increased number of PZQ treatments since birth was associated with higher hemoglobin levels
(p = 0.004; r = 0.41, p = 0.003; Figures 16D and E). Lastly, when evaluating the relationship
between PZQ treatment and S. mansoni infection associated with liver fibrosis, our results
showed no significant difference between participants who received 0-2 PZQ treatments and

those who received more than 2 treatments (p = 0.31; Figure 16F).
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Figure 16: Clinical phenotyping of SAC from schistosomiasis endemic area with history of
different numbers of rounds of PZQ treatments. (A) Frequencies of all infections with S.
mansoni across participants with increasing numbers of PZQ treatment rounds. (B) Frequencies
of higher burden infections with S. mansoni (burden > 100 EPG) across participants with
increasing numbers of PZQ treatment rounds. (C) Spearman correlation between the number of
PZQ treatment rounds and the egg burden in all S. mansoni-infected participants. (D) Average
hemoglobin levels in participants with increasing numbers of PZQ treatment rounds, measured
using the Kemtec® Tallquist Hemoglobin Scale test paper. (E) Spearman correlation between
the number of PZQ treatment rounds and hemoglobin levels in SAC. (F) Frequencies of S.
mansoni-infected participants with liver fibrosis distributed by increasing numbers of PZQ
treatment rounds. For comparisons of frequencies between groups, the chi-square test for trend
(Z test) was applied, and the p-value (p) was extracted and displayed for each comparison (A,
B, and F). For Spearman correlations, assuming a non-parametric distribution, the correlation
coefficient (r) and the p-value are shown for each correlation plot (C and E). The simple linear
regression line (in red) was plotted to illustrate the overall trend for each correlation plot (C and
E). For bar graph comparisons, a non-parametric Mann-Whitney U test was performed (D).
EPG: Egg Per Gram of feces.
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To validate our findings and identify potential risk factors for specific phenotypes, we
performed a multivariate logistic regression analysis, examining how the number of PZQ
treatments predicts infection rates, infection burden, hemoglobin levels, and fibrosis, while
controlling for sociodemographic factors such as age, gender, BMI, and frequency of contact

with contaminated water (see Table 5 for a summary).

After accounting for sociodemographic factors, PZQ treatment was not a significant predictor
of lower infection rates (AOR = 0.76; p = 0.11, Table 5) or infections associated with fibrosis
(AOR = 1.73; p = 0.46, Table 5). However, it did significantly reduce the odds of heavy
infection, defined as an egg burden of more than 100 eggs per gram (AOR = 0.16; p = 0.05,
Table 5). Additionally, PZQ treatment was associated with higher odds of elevated hemoglobin
levels, defined as hemoglobin greater than 11 g/dl (AOR = 2.58; p = 0.03, Table 5). Factors
such as age, sex, BMI, and frequency of contact with contaminated water did not significantly

influence the odds of severe infection or elevated hemoglobin levels (see Table 5).
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Table 5: Assessment of risk factors predisposing to S. mansoni infection (positive to KK stick smear), high burden (burden higher that 100 EPG

of feces), and infection with fibrosis (positive for both KK stick smear and US examination of abdominal).

Clinical phenotype assessment of the effect of the number of praziquantel treatment rounds on SAC

Predicted probability

Being infected Being heavy infected Higher haemoglobin Being infected with liver

fibrosis
Factors AOR (95% CI) p-value | AOR (95% CI) p-value |AOR (95% CI)  p-value| AOR (95% CI) p-value
Number of PZQ 0.76 (0.53-1.04) p=0.11 [0.16 (0.01-0.61)  p=0.03 |2.58 (1.22-8.05) p=0.03| 1,73 (0.45-14.53)  p=0.46
Age in years 1.31(1.00-1.74) p=0.05 |1.25 (0.50-3.45)  p=0.61 |1.88 (0.95-5.16) p=0.10|0.91 (0.34-2.68) p=0.86
Gender (Male) 1.15 (0.45-3.04) p=0.77 |1.21(0.05-23.58)  p=0.89 |0.79 (0.11-4.72) p=0.80|0.28 (0.05-5.61) p=0.42

Frequency of contacts with

water/Day 0.69 (0.37-1.27) p=0.25 |0.25 (0.02-1.26)  p=0.15 |0.47 (0.12-1.38)  p=0.20| 1.28 (0.21-8.99) p=0.77

Body Mass index (BMI)  |1.38 (0.96-2.05) p=0.09 |2.24 (0.73-11.35) p=0.22 |0.58 (0.24-1.34) p=0.20| 1.36 (0.32-6.89) p=0.66

Heavily infected: burden higher than 100 EPG; Higher haemoglobin: Haemoglobin level higher than 11 g/dl, EPG: Eggs Per Gram; AOR: Adjusted
Odd Ratio; PZQ: Praziquantel; 95% CI: 95% Confidence Interval.
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3) Effect of repeated PZQ treatment on cognitive performance.

To evaluate the influence of varying cumulative numbers of PZQ treatments on children's
cognitive performance, we first explored the correlation between either average mark or
class/age ratio and the number of PZQ treatments. We found a moderate correlation between
more rounds of PZQ treatment and academic progress, as measured by the class/age ratio (r =
0.33, p = 0.02; Figure 17D). However, the correlation with academic performance when

measured as average mark was not significant (r = 0.24, p = 0.08; Figure 17A).

To further explore the influence of cumulative treatments and uncover hidden trends, we
considered two treatment groups of PZQ to observe potential variations in cognitive
performance. Our analysis showed a significant increase in cognitive performance, measured
by both average mark and class/age ratio, among SAC who received more than two PZQ

treatments compared to those with up to two PZQ (p =0.02 and p = 0.01; Figure 17B and E).

Continuing our investigation, we conducted a multivariate logistic regression analysis,
adjusting for potential biases related to sociodemographic factors such as age, sex, BMlI, and
water contact frequency (Table 6). The results showed that the number of PZQ treatments was
a good predictive indicator for both academic performance, defined as an average mark of 12/20
or higher (AOR = 2.39, p = 0.05, Table 6), and academic progression, defined as a class/age
ratio greater than 0.50 (AOR = 2.33, p = 0.03, Table 6).

We then compared cognitive performance, measured by average mark and class/age ratio,
across different infection burden categories: uninfected (0 EPG), lightly infected (1-99 EPG),
and moderately infected (100-399 EPG) (Figure 17C and F). Uninfected and lightly infected
SAC showed significantly better academic performance and progress compared to those
moderately infected (p = 0.009 and p = 0.003 for average marks; Figure 17C, and p = 0.003 for
class/age ratio; Figure 17F).
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Figure 17: Academic Performance of SAC from schistosomiasis endemic area with history of
different numbers of rounds of PZQ treatments. (A) Spearman correlation between numbers of
rounds of PZQ treatments and the average mark of SAC. (B) Average marks of participants
with increasing numbers of rounds of PZQ treatments. (C) Average mark of participants with
increasing grade of S. mansoni infection. (D) Spearman correlation between numbers of rounds
of PZQ treatments and the class/age ratio of SAC. (E) Class/age ratio of participants with
increasing numbers of rounds of PZQ treatments. (F) Classe/age ratio of participants with
increasing grade of S. mansoni infection. For Spearman correlation, assuming non-parametric
distribution, the correlation coefficient (r) and the p-value (p) are shown for each correlation
curve. For bar graph comparisons, a non-parametric Mann-Whitney U test was performed.
Uninfected: 0 EPG. Infected Low: 1-99 EPG. Infected High: 100-399 EPG. EPG: Eggs per
gram of stool.
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Table 6: Assessment of risk factors predisposing to S. mansoni cognitive impairment

Clinical phenotype assessment of the effect of the number of praziquantel
treatment rounds on SAC
Predicted probability
Risk factors of better academic Risk factors of unimpaired academic
performance (Average mark>=12) progression (Class/Age > 0.50)
Factors AOR (95% CI) p-value | AOR (95% CI) p-value
Number of PZQ 2.39 (1.11-7.09) p=0.05 | 2.33 (1.18-6.16) p=0.03
Age in years 0.24 (0.00-0.59) p=0.01 | 0.80 (0.47-1.30) p=0.39
Gender (Male) 0.19 (0.018-1.42) p=0.12 = 1.13 (0.20-7.34) p=0.88
Frequency of contacts with

water/Day 3.81 (0.93-24.15) p=0.09 = 2.42 (0.77-9.16) p=0.14
Body Mass index (BMI) 1.13 (0.52-2.74) p=0.69 | 0.97 (0.51-1.81) p=0.93

AOR: Adjusted Odd Ratio; PZQ: Praziquantel; 95% CI. 95% Confidence Interval.
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4) Effect of repeated PZQ treatments on the host immune responses.

To investigate the underlying immune modulation in biomarker profiles following
cumulative PZQ treatments, we first measured plasma levels of key cytokines and growth
factors involved in innate immunity, including Granulocyte-Macrophage Colony-
Stimulating Factor (GM-CSF) (Becher et al., 2016), Interleukin-2 (IL-2) (Ross and
Cantrell, 2018) , and Vascular Endothelial Growth Factor (VEGF) (Friedman, 2008). No
significant differences were observed in GM-CSF and IL-2 levels across the different PZQ
treatment groups (p = 0.46 and p = 0.41, respectively; Figures 18A and 18B). However,
children who received multiple rounds of PZQ treatment exhibited significantly higher
plasma levels of VEGF (p = 0.04; Figure 18C), suggesting a potential role of VEGF in

modulating the immune response following cumulative PZQ treatments.

To further characterize the immune profile in SAC who underwent repeated PZQ treatment,
we measured plasma levels of Th2-associated cytokines implicated in schistosomiasis
activity, specifically Interleukin-33 (IL-33) (Kamdem et al., 2019) and Interleukin-4 (IL-
4) (Medhat et al., 1998). Children who received increased rounds of PZQ treatment showed
significantly elevated plasma levels of IL-33 (p = 0.03; Figure 18D) and IL-4 (p = 0.04;

Figure 18E), suggesting a heightened type-2 immune response.

Moreover, we measured Th2-driven protective immunoglobulin IgE (Dutra et al., 2002)
and regulatory T-cell-associated 1gG4, which is linked to susceptibility (Satoguina et al.,
2008). Both IgE and 1gG4 levels were significantly elevated in participants with more
frequent PZQ treatments (p = 0.002 and p = 0.02, respectively; Figures 18F and 18G).
Importantly, the IgE/IgG4 ratio, a marker of Th2-skewed immunity (Sousa-Figueiredo et
al., 2012), was markedly increased in participants receiving more than two PZQ treatments
(p = 0.03, Figure 18H).

Master thesis written by SOH BAYECK Borel Page |46



Effect Of Repeated Praziquantel Treatment on School-Aged Children Susceptibility to Schistosoma
mansoni Infection, Immunopathology and Cognitive Impairment

A =0.46 B ¢ =0.04
150m _P7220 30 p=0.41 400= P
A
© IS . © . . ‘{ % /—E\ 300 A
—_— = - E - - ey
% S 100 .l 2 E 20 T 1>> S AN
= il =2 . a w o 200
) - la - A 1S -
S0 so« | 2| F* 5 O 10+ “ 2 Q0 i b
8 = 8 = £ > 100=
D) . o -
A
0 |} |} 0 ] ] 0 L} L}
e e e ey Q,\/O Q,\/Q
A2 R R R O v
& 7 N 7 N -
D E
=0.03 =
150 P 3 _ P=0.04
— A
© © -
= a — =
—_— ()
O £ 100= > E  od
> ~
=2 L >
P c &
=] H 5 e <
a P 50m= - QL e s A
o L P~ ) A A
o Wl o -
Asa,
O T T 0 | ) )
Q,\/o, <21/o, Q,\/O. <2,\/0,
Qv Q) O Q)
F I - G Q 7 H
4000 _P=0-002 com __P=0.02 _ = 200- p=0.03
: : 25 A
Z = 3000+ s == 4 T S £ 150-
E g E g 30 - A T2
=y 02 S >
3 i 2000 3 :r, Jom T i D ; 100
Ala — e A ©
g = Al RS " ‘A = 2 TA
1000= z E o D  50m NN
) (7))
R4 b 44 % 10 S I 2 2 ]
o I.‘.LI o = 2 o r;h_l [ ]
Y T T Y T T 0 T T
& & & Q& & &
) 2 aQ a O a
< 7 Qo 7 Q 7

Figure 18: Immunological profiling of SAC from schistosomiasis endemic area with history of
different numbers of rounds of PZQ treatments. Comparison of (A) plasma levels of the innate
myeloid canonical cytokine GM-CSF, (B) the adaptive canonical cytokine IL-2 and (C) the
angiogenic profibrotic factor VEGF between SAC depending on the number of rounds of PZQ
treatments received, to explore the differential bases of altered susceptibility to reinfection and
liver fibrosis onset. (D) Comparison of the plasma levels of the alarmin IL-33, negatively
associated with S. mansoni infection / reinfection (ref) between SAC depending on the number
of rounds of PZQ treatments received. (E) Comparison of the plasma levels of the Th2 cytokine
IL-4 between SAC depending on the number of rounds of PZQ treatments received.
Comparison of (F) total IgE, (G) total 1gG4 and (H) the resulting IgE/IgG4 ratios, as indicators
of protection against reinfection between SAC depending on the number of rounds of PZQ
treatments received. Each graph represents the mean with standard deviation. Statistical
differences were determined by non-parametric Mann-Whitney U testing with significance at
p<0.05. GM-CSF: Granulocyte-macrophage colony-stimulating factor; IL: Interleukin;
VEGF: Vascular Endothelial Growth Factor.
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Il.  DISCUSSION

Schistosomiasis, second only to malaria in terms of morbidity among tropical diseases, is
predominantly marked by complex pathological alteration of the host. These alterations are
reported to impact host immunity and foster deleterious processes such as anemia, tissue
fibrosis and cognitive disorders, especially in school-age children (McManus et al., 2018). The
diseases remain widely spread globally, with a higher propensity of occurrence in tropical areas,
particularly in sub-Saharan Africa. Schistosomiasis is therefore an acknowledged public health
issue but remains difficult to control. In order to eliminate the disease as a public health problem
by 2030, the WHO advocates for regular annual treatment cycles in endemic regions by
administration of PZQ (WHO, 2022a). Sustained annual administration of PZQ to SAC has
considerably lowered the disease prevalence over the last 50 years (WHO, 2020), owing to the
drug ability to cripple the parasite adults’ worms and foster killing by the infected host immune
system (Oettle et al., 2023). Since regular treatment of at-risk populations with PZQ remains
the core global strategy to control the disease, with no vaccine available to date, there is a
pressing need to comprehensively understand what the overall benefits and limitations of

regularly receiving PZQ are for these SAC.

Preclinical work in this area reported a reduced host susceptibility to reinfection when exposed
to schistosomes after receiving several rounds of PZQ treatments and being constantly exposed
to the parasite. However, no amelioration of the host fibrogenic response was observed against
trapped eggs in the infected liver of mice even after multiple rounds of PZQ treatments (Nono
et al., 2021). This raises an important question: how do multiple rounds of annual PZQ
treatment, as implemented in national control programs, influence the human host's response to
schistosomes? Specifically, this study aimed to investigate the impact of varying numbers of
cumulative PZQ treatments on S. mansoni infection in SAC, focusing on egg burden,
hemoglobin levels, liver fibrosis, cognitive function, and immunopathology.

To achieve this objective, we categorized individuals into two treatment groups: those who
received up to two doses of PZQ and those who received more than two doses. This grouping
was inspired partially by a study in mice, which found that the third treatment for S. mansoni
infection significantly impacted health outcomes (Nono et al., 2021). Additionally, our
awareness of field treatment practices influenced this clustering. In endemic areas, school-age
children often begin receiving treatment from the age of 4 to 5 years, with a median treatment

frequency of approximately three (Stothard et al., 2011).
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To ensure that downstream effects could be unequivocally attributed to PZQ treatment, we
compared sociodemographic data across different PZQ treatment groups. There were no
significant differences in age, sex, BMI or the frequency of contact with contaminated water
across the PZQ groups, regardless of the analysis axis. This strengthens the basis for attributing
observed health outcomes and immune response solely to the effects of repetitive treatment
over time, as sociodemographic factors broadly influence global health outcomes (Mbanefo et
al., 2014; Meurs et al., 2013).

The analysis of data from this nested project, addressing the first objective related to the clinical
aspects of repetitive treatment, revealed that SAC who had received more cumulative PZQ since
birth were less likely to have a higher parasite egg burden, but they remained susceptible to
infection. These findings align with previous studies, suggesting that while PZQ treatment alone
may not fully eliminate the infection or induce sterile immunity, it can improve parasite
clearance and/or reduce the host's susceptibility to infection (van den Biggelaar et al., 2002;
Wilson et al., 2011). Although an increased number of cumulative PZQ treatments correlate
with higher hemoglobin levels, no significant association was found between the number of
PZQ treatments and the onset of liver fibrosis. This suggests that while PZQ treatment
effectively reduces the worm burden, thereby mitigating blood consumption by adult worms
and improving hemoglobin levels, it has a limited ability to prevent or reverse the fibrosis
processes. These findings are consistent with research using mouse models, which
demonstrated that the fibrosis process continued to develop even in mice undergoing multiple
cycles of infection and treatment (Nono et al., 2021). Additionally, an in-vivo trial aimed at
investigating the antifibrotic properties of PZQ replicated both early-stage and established
fibrosis, finding that PZQ has the potential to reduce the development of fibrosis by half.
However, it was ineffective in reversing the fibrosis once it was firmly established (Nono et al.,
2020). The persistent trend of fibrosis observed in our study, despite multiple rounds of PZQ
treatment, suggests that while frequent treatments in hosts exposed to parasitic eggs may
prevent the onset of fibrosis by limiting egg deposition, once the eggs are deposited, additional
PZQ treatments do not prevent further fibrosis development.

Additionally, logistic regression models indicated that the number of PZQ treatments could
serve as a reliable predictor for a low infection load of S. mansoni and higher hemoglobin levels.
This effect was not affected by the participants’ ages, gender, body mass index or frequency of
contact with infested water. However, PZQ did not predict significantly the absence of infection

and infection with fibrosis due to S. mansoni infection after adjusting for sociodemographic
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characteristics of the study participants. This constitute an additional argument previously
report in the literature that the treatment itself is insufficient to preclude further reinfection and
fibrosis while effectively reduce the reinfection load (Nono et al., 2021). Therefore,
establishing the number of PZQ treatments as a mean of predicting the infection burden status
of school-aged children in S. mansoni endemic areas depends on considering sociodemographic

parameters.

The second objective of our study was to evaluate the influence of cumulative PZQ treatments
on cognitive performance (academic performance and academic progress) in SAC susceptible
to S. mansoni infection. Our findings revealed a positive correlation between the number of
PZQ treatments and cognitive performance, particularly when measured as the class/age ratio.
We also noted a significant improvement in academic performance and progress, measured by
quarterly school grades and class/age ratio, in participants who had received more than two
PZQ treatments. This result was further confirmed by logistic regression, showing that PZQ
increased the odds of achieving an average mark of 12 or higher by 2.39 times, and the odds of
having a class/age ratio of at least 0.5 by 2.33 times, regardless of sociodemographic factors.
Additionally, children with higher cognitive performance either had light infections or were
completely free of S. mansoni infection. These findings are consistent with a previous study on
S. japonicum infection, which found that school-aged children who were cured after treatment
performed better on cognitive tests, including those assessing learning and memory, compared
to those who remained infected (Ezeamama et al., 2012). The improvement in cognitive
performance is likely related to a reduction in reinfection intensity after cumulative PZQ. This
alleviates physical discomfort and reduces distractions caused by the presence of worms,
anemia, and systemic inflammation. (Ezeamama et al., 2018; Hoekstra et al., 2020;
Kasambala et al., 2023b). Given the well-established relationship between cognitive and
academic performance and their mutual influence (Peng and Kievit, 2020; Stockard et al.,
2018; Van Der Maas et al., 2006), our measures of academic performance and progress likely
reflect cognitive performance, which has been shown to be significantly impaired during
schistosomiasis infections (McManus et al., 2018).

The final objective of this work aimed to gain deeper insight into the immunological profile
underlying the observed phenotype following repeated treatment. Our findings revealed no
significant differences in plasma levels of GM-CSF, and IL-2 between the treatment groups,
indicating that cumulative PZQ treatments do not substantially affect cytokine production from

innate immune cells (Becher et al., 2016; Ross and Cantrell, 2018). This aligns with previous
|
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studies reporting that innate immunity plays a limited role in mediating protection against S.
mansoni reinfection (Joseph et al., 2004; Wilson et al., 2011). The lack of significant changes
in these cytokines suggests that PZQ's immune-modulatory effects are predominantly exerted
through adaptive rather than innate immunity. However, the observed elevation of VEGF in
participants receiving more PZQ treatments may reflect an angiogenic response to tissue repair
processes triggered by schistosome-induced damage. VEGF has been implicated in
schistosomiasis-associated fibrosis, where it plays a dual role by promoting tissue repair while
also contributing to pathological angiogenesis and fibrotic processes (Friedman, 2008;
Tawfeek et al., 2003). The persistent elevation of VEGF observed in our study further supports

the sustained fibrotic trend in SAC, even after multiple rounds of PZQ treatment.

In the adaptive immune compartment, our study underscores a significant enhancement of Th2-
associated responses, particularly marked by elevated plasma levels of IL-33 and IL-4, in
participants with higher cumulative PZQ treatments. 1L-33, an alarmin cytokine released during
tissue injury, has been shown to promote Th2 polarization and enhance immunity against S.
mansoni (Kamdem et al., 2018). Conversely, its depletion in chronically infected individuals
may result from parasite-driven suppression or early utilization during infection (Kamdem et
al., 2019). The significant elevation of IL-33 in children receiving repeated PZQ treatments
suggests the restoration of this cytokine’s regulatory role in tissue repair and Th2 immune
activation post-treatment. Similarly, the increase in IL-4, a multifunctional cytokine crucial for
Th2 polarization, likely reflects an adaptive response that facilitates immunity (Punnonen et
al., 1997). This occurs through mechanisms such as the enhancement of IgE production by B-
cells, which mediate the elimination of both juvenile and adult worms (Fitzsimmons et al.,
2012a; Punnonen et al., 1997).

The humoral immune response, a hallmark of host defense against schistosomiasis infection,
also exhibited significant modulation following repeated PZQ treatments. The observed
elevation of both IgE and IgG4, along with an increased IgE/IgG4 ratio, reflects a balanced but
complex immune response. IgE, a protective immunoglobulin central to antibody-dependent
cellular cytotoxicity (ADCC), targets schistosome larvae and adult worms, contributing to
immunity against reinfection (Fitzsimmons et al., 2012a). Its elevation following repeated
PZQ treatments aligns with previous reports showing that PZQ boosts IgE-mediated immunity,
reducing reinfection intensity (Dunne et al., 1992). Conversely, the increase in 1gG4, which is

associated with susceptibility to reinfection, may suggests a regulatory mechanism aimed at
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mitigating excessive inflammation driven by IgE responses (Aalberse et al., 2009; Satoguina
et al., 2005). In fact, IgG4 has been reported to compete with IgE for shared epitopes, but since
it cannot bind to mast cells and basophils nor activate the complement system, it acts as a
powerful inhibitor of parasite cytotoxicity and granuloma formation (Figueiredo et al., 2012;
Stone et al., 2010). The increased IgE/IgG4 ratio observed in participants receiving more than
two PZQ treatments is particularly notable, as it is a well-documented marker of resistance to
reinfection (Egesa et al., 2018a; Figueiredo et al., 2012). This finding suggests a shift toward
a Th2-dominated immune profile, along with regulatory mechanisms that prevent excessive
tissue damage. This duality underscores the delicate immunological balance that is crucial in
managing schistosomiasis. Excessive Th2 responses can exacerbate granuloma formation and
fibrosis through protective IgE production, while regulatory mechanisms, mediated by Tregs

through 1gG4, prevent severe pathology (Egesa et al., 2018b; McManus et al., 2018).

Interestingly, despite the enhanced clinical outcome, cognitive performance, and protective
immunity observed in SAC with more cumulative PZQ treatments, our study underscores the
persistent challenge of managing schistosome-induced fibrosis. As corroborated by murine
models (Nono et al., 2021, 2020), PZQ was unable to reverse established liver fibrosis, which
highlights the chronic nature of schistosome-induced tissue damage. The elevated VEGF levels
observed in our study may reflect ongoing tissue repair processes triggered by PZQ treatment,
but these mechanisms appear insufficient to counteract the fibrotic processes initiated by
schistosome eggs. This underscores the need for adjunct therapies targeting fibrosis, such as
antifibrotic agents, and integrative strategies that combine PZQ with vaccines to enhance

protective immunity and prevent reinfection.
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CONCLUSION

This study highlights the diverse benefits of repeated PZQ treatments for S. mansoni infection
in susceptible SAC.

- Cumulative PZQ treatments significantly reduce heavy parasite burdens (r = -0.33, p=
0.04) and improve hemoglobin levels (r = 0.44, p = 0.003). However, they have limited
impact on infection rate and the progression of liver fibrosis.

- Cognitively, repeated treatments are associated with enhanced academic performance
(r =0.33, p=0.02).

- Immunologically, repeated PZQ administration stimulates a protective Th2-dominated
immune response while promoting a regulated immune state characterized by elevated
IgE (p=0.002) and 1gG4 levels (p=0.02).

Collectively, these findings suggest that early and consistent adherence to treatment provides
substantial health and developmental benefits for SAC, even without achieving complete

immunity or resolving fibrosis.
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PERSPECTIVE
Building on the insights from this study, future research should prioritize the following areas:

- Integrated therapeutic strategies: Investigate the efficacy of combining PZQ with
antifibrotic agents or adjuvant therapies to mitigate liver fibrosis and improve long-term
clinical outcomes. The potential integration of vaccines targeting schistosome antigens
should also be explored to enhance immunity and reduce reinfection rates.

- Expanded cognitive studies: Conduct comprehensive analyses to explore the specific
cognitive domains affected by schistosomiasis and its treatment, such as memory,
attention, and executive functions.

- Longitudinal cohort studies: Implement large-scale longitudinal studies to evaluate
the long-term impact of PZQ treatment on clinical symptoms, cognitive development,

and immune responses, providing a more comprehensive understanding of its benefits.

|
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4) Informed consent
INFORMED CONSENT & ASSENT FORM

I the undersigned, Mr./Mrs./Miss (names)
Having been invited to take part in the study titled: Identification of host regulators of tissue
fibroproliferative pathology in schistosomiasis-diseased individuals in Cameroon. Whose
coordinator is Dr Justin Komguep Nono of the Institute of Medical Research and Medicinal
Plants Studies/Medical Research Centre, Yaounde, Cameroon
e | have understood the information provided on the study/l was explained on what the
study is all about
e | understand the goal and objectives of the study
e | have discussed on all my worries
e | am aware of the risks and benefits of the study
e | am free to stay in the study or not to
e My consent does not exempt the researchers from their responsibilities for | am
protected by the law
| accept to take part in the study with respect to the information | received;
e Respond to all questions
e Provide my medical records
e Provide 5 ml of my blood
e Provide samples of my stool and urine
e Undergo ultrasonographic examination (echography)

I accept that my samples collected in this study be used for future studies, as indicated in the
information note.

DONE N oo, (0] o TP TR UPRTR

Names, addresses and signatures

Investigator Participant

FORMULAIRE DE CONSENTEMENT ECLAIRE

Je soussigné, Mr/Mme/Mlle (Nom(s) et Prénom(s)

Avoir été invité a participer au travail de recherche intitulé « Identification des régulateurs

contre les pathologies fibroprolifératives tissulaires chez les enfants atteints de schistosomiase
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au Cameroun » dont le coordinateur s’appelle Dr Justin Komguep Nono de I’ Institut de
Recherches Médicales et d’Etudes des Plantes Meédicinales
e J’ai bien compris la notice d’information qui m’a été remise concernant cette étude / la
notice d’information relative a cette étude m’a éte lu et expliqué
e J’ai bien compris le but et les objectifs de cette étude
e J’ai regu toutes les réponses aux questions que j’ai posées
e Les risques et bénéfices m’ont été présenté et expliques
e J’ai bien compris que je suis libre d’accepté ou de refuser d’y participer
e Mon consentement ne décharge pas les investigateurs de la recherche de leurs
responsabilités, je conserve tous mes droits garantis par la loi
J’accepte librement de participer a cette étude dans les conditions précisées dans la notice de
I’information ;
e De répondre aux questions d’enquéte
e De communiquer les informations médicales
e De donner 5 ml de mon sang
e De donner des échantillons de selles et d’urine
e De faire une échographie
Je donne mon accord pour que le reste des échantillons préléve pour cette étude soient utilisés

dans les études ultérieures mentionnées dans la notice d’information.

Noms et signatures

Investigateur Participant
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PARENTAL CONSENT FOR CHILDREN (FROM 5 TO 20 ANS)

I the undersigned, Mr./Mrs./Miss (names)
Having been invited to grant permission for my child, Mr./Mrs./Miss (names)
to take part in the study titled: Identification of host regulators of tissue fibroproliferative
pathology in schistosomiasis-diseased individuals in Cameroon. Coordinated by Dr Justin
Komguep Nono of the Institute of Medical Research and Medicinal Plants Studies/Medical
Research Centre, Yaoundé, Cameroon
e | have understood the information provided on the study/l was explained on what the
study is all about
e | understand the goal and objectives of the study
¢ | have discussed on all my worries
e | am aware of the risks and benefits of the study
e My child is free to stay in the study or not to
e His/her consent does not exempt the researchers from their responsibilities for my
child protected by the law
I accept for my above-referred-to child to take part in the study with respect to the
information | received,
e Respond to all questions
e Provide my child medical records
e Provide 5 ml of my child blood

e Provide samples of my child stool and urine
e Undergo ultrasonographic examination (echography)

I accept that the samples collected in this study be used for future studies indicated in the
information notice.

Names, addresses and signatures

Investigator parent/Legal Guardian
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CONSENTEMENT PARENTAL DE L’ENFANT de 5 a 20 ANS)
Je soussigne, Mr/Mme/Mlle (NOm(S) €t PrENOM(S) ... ..uevuireieiie it eie e e v ce e
Avoir été contacté pour donner I’autorisation en vue de la participation de mon enfant
Mr/Mme/MIle (NOM(S) €1 PIENOMI(S)...cveiree e ettt eee et e e e e e et e e e e eaeeaeeaeaennens
Au travail de recherche intitulé « Identification des régulateurs contre les pathologies
fibroprolifératives tissulaires chez les enfants atteints de schistosomiase au Cameroun » dont
le coordinateur s’appelle Dr Justin Komguep Nono de I’Institut de Recherches Médicales et
d’Etudes des Plantes Medicinales

e J’ai bien compris la notice d’information qui m’a été remise concernant cette étude / la

notice d’information relative a cette étude m’a éte lu et expliqué

e J’ai bien compris le but et les objectifs de cette étude

e J’ai regu toutes les réponses aux questions que j’ai posées

e Les risques et bénéfices m’ont été présenté et expliques

e J’ai bien compris que mon enfant est libre d’accepté ou de refuser d’y participer

e Son consentement ne décharge pas les investigateurs de la recherche de leurs

responsabilités, mon enfant conserve tous ses droits garantis par la loi

J’accepte librement que mon enfant participe a cette étude dans les conditions précisees dans
la notice de I’information ;

e De répondre aux questions d’enquéte

e De communiquer les informations médicales

e De donner 5ml de son sang

e De donner des echantillons de selles et d’urine

e De faire une échographie
Je donne mon accord pour que le reste des échantillons préléves de mon enfant pour cette
étude soient utilisés dans les études ultérieures indiquées dans la notice d’information.

Noms et signatures

Investigateur parent/Tuteur Légal
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5) Questionnaire

FICHE D’ENQUETE
St i
ECOl@:niiiinnnne. ; Classe:........... A- PARTICIPANT
|- DONNEES SOCIODEMOGRAPHIQUES PARTICIPANT VI-EFFETS SECONDAIRES DU PRAZIQUANTEL

13. Parmi les effets suivants, lesquels avez-vous ressenti
apres traitement au PZQ ?

1I- EXPOSITION

6. contact avec l'eau 7. Nombre de fois/jour
-Bains -Matin

-Lessive -Midi

-Jeux -Soir

-WC

Maux de téte Douleurs musculaires
Etourdissement Pertes d’appétit
Maux d’estomac/crampes Sudation
Nausées/vomissements Aucun

Fatigue Autres

14. Si effet ressenti, avez-vous des lors peur de prendre
le PZQ lors des campagnes de traitement ?
oul NON

lll- TRAITEMENT

VII- LOCALISATION VIS-A-VIS DE LA RIVIERE

8. Traitement recgus les 3 derniers mois

PzQ oul NON

Autres oul NON Lesquels ?............
Date dernier traitement avec PZQ........ccccoeeeeevecreenne.
Nombre de fois PZQ regU......cccccveeeeveieeeeeeceiereeeievierevienienns

15. Quelle distance sépare la maison de la riviere ?

16. combien de temps mettez vous pour aller de la
maison a la riviere ?

IV- ANTECEDENTS ET SYMPTOMES

9. Avez-vous déja eu la bilharziose ? OUI NON
10. Combien de fois ?......cccccvvviveeeeeeeiciiineennn.

11. Avez-vous les symptomes de la bilharziose ?
Diarrhée oul NON

Fréquence selles/fjour 1 2 3 4 4+
Brulures/douleurs anales

Douleurs abdominales

Nausées

Vomissement

Sang dans les selles

Vertiges

Fievre

Dyspnée

Céphalées

Courbatures

Données collectées par........ccccvevveveereeveenenne.

Signature du SUPEerviseuUr.........ccocecveverereeneae.

V- VACCINS

12. Avez-vous vos vaccins a jour ?

Polio Rougeole
Tuberculose Hepatite B
AULFES .. e e
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FICHE D’ENQUETE

Code:...ooovviiiiiiiennnn
B- PARENT
I. NIVEAU D’EDUCATION VI. CONNAISSANCES SUR LES SYMPTOMES/CAT (Suite)
Aucun Primaire Secondaire 11. Quand vos enfants ont les symptomes de la Bilharziose.
L. Que faites-vous ?
Supérieur Inconnu

1l. CONNAISSANCES SUR LA BILHARZIOSES

1.Niveau de connaissance sur la bilharziose

Aucun  Faible Modérée Approfondie

2.Avez-vous déja entendu parler de la Bilharziose ? OUI NON
3. Ou avez-vous entendu parler de la Bilharziose ?
Famille/Amis/Voisins  Professionnel de sante

Réunion de quartier Radio/TV

4. Etes-vous concerne par la Bilharziose ? OUI  NON

5. Savez-vous que la bilharziose peut a long terme entrainer des
dommages graves dans vos vies ? OUI NON

Attendre que ¢a finisse seul (pas d’argent)
Aller a I'hopital consulter

Aller chez un guérisseur traditionnel

Aller acheter les médicaments en pharmacie
Prier

Rien

VII. CONNAISSANCE SUR LE TRAITEMENT

lll. CONNAISSANCES SUR LES COMPORTEMENTS A RISQUE

6. Savez-vous comment on contracte la Bilharziose ? OUI NON
7. Parmi les propositions suivantes lesquelles pensez-vous étres
des comportements a risque pour attraper la Bilharziose ?
Rapports sexuels Agriculture
Mauvaise hygiéne sanitaire Alimentation

Contact avec I'eau (péche, bain...) Alcool
Consommation eau contaminée Héréditaire
Echange de plats Autres

Comment est votre systéme d’évacuation des selles ?
Cours d’eau Fosse septique Toilettes modernes

12. Existe-t-il un traitement contre la Bilharziose ?
13. Si oui donnez le NOM.......ccceeuevevererineeene.
14. Vos enfants ont déja recu le traitement ?

15. Voulez-vous qu’ils continuent de recevoir ?

VIIl. CONNAISSANCES SUR LA PROTECTION

IV. CONNAISSANCES SUR LA PREVENTION

16. Vous protégez-vous contre la Bilharziose ?
Comment ?

En évitant les rapports non protégés

En évitant les contacts avec I'eau

En respectant une bonne hygiene de vie

En traitant I'eau a boire

En priant

Rien

8. Comment pensez-vous que I'on puisse éviter la Bilharziose ?
En traitant les personnes malades

En traitant tout le monde

En construisant des toilettes moderne

En observant une meilleure hygiene de vie

En traitant les sources d’eau

Abstinence sexuelle/Rapports sexuels protégés

Aucune idee

IX. STATUT FAMILIAL

17.Combien de personnes vivent en permanence chez vous ?

V. CONNAISSANCES SUR LES SYMPTOMES/CAT

9. Connaissez-vous les symptomes de la Bilharziose ? OUI NON

0 1 (=2
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Données collectées par

Signature du superviseur

Code:......... FICHE D’ECHOGRAPHIE

FICHE D’ENQUETE

C- EXAMINATION ET LABORATOIRE

1. Code......evvnnn.
2. Echantillons Recus 5. TDRs
-Selles Couleur des selles = TDRVIHu e
_Sang - TDR Hepatite B......coovreirierisrnne,
- TDR Hepatite C...cocveeerveecereiennieeeene
3. Examination 6. Biochimie
Taille(cm) ASAT cee e
Poids (kg) ALAT G
Oul NON GGT e
Signe d’anémie PAL s
Hépatomégalie Bilirubine :.....cccoveveevenennns
splénomégalie Albumine i....cooeveveieinnne
4. Kato Katz 7. ELISA
-S. mansoni Négatif ............ Positif TOLAl IE .. ittt sttt
TOLAl IZG . ittt st st s s
Charge parasitaire........cccceeeeneee. otalle
-Autres parasites Négatif ........ Positif.........
Charge parasitaire.....c.cccoeceveenneee.
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"FICHE D’ECHOGRAPHIE
Code: ...

Date d’examen (jj/mm/aa)

Age du participant (date de naissance)

Sexe

Taille du participant (cm)

MODULE 1- EXAMINATION STANDARD

Foie 1: Parenchyme

>Score (IP)

Pas d’anomalie détectée (profil A) -> fin de I’examen

=0

Considérer séparément :

- Surface irréguliére, veines hépatiques déformées, bord hépatique
caudal arrondi (x)

- Echogénicité hépatique diffuse et accrue, perte de la grande
réflectivité des bords des branches portales périphériques, bord
caudales hépatique arrondi, possible extinction du son distal ()

- Toute autre anomalie hépatique, spécifier (2)

Aucun score

Foyers échogenes diffus <starry sky> (profil B) =1

Tuyaux de pipes tres échogenes <pipe stems> (profil C, Ch) =2

Anneau échogéne autour de la bifurcation porte <ruff> (profil D, Dc, Db, =4

Dch)

Patchs/taches tres echogenes (de veine a parenchyme) (profil E, Ec, Eb, =6

Echb)

Bandes et stries tres échogeénes (de veine a surface) (profil F, Fc) =8

Score IP Total

Foie 2 : Epaisseur de la paroi des branches de second ordre >Score (PT)

Epaississement péri-portal suspecte non=0 ; oui=1 Score PT
préliminaire

ordre (segments de branches portales de 1 ordre)

Mesures de la paroi péri-portale (diamétre externe - lumen) des branches portales de second

Diamétre (mm) Vaisseau | Vaisseau | Vaisseau 3
1 2 (optionnel)

Score PT
intermédiaire

Score Final d’épaississement peéri-portal (PT) (0-8)
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Foie 3 : Taille et anomalies

Surface irréguliere O=aucune 1=légere
2=importante
Bord hépatique caudal O=tranchant 1=arrondi
Forme du foie O=convexe/concave 1=déformée
Taille du lobe gauche..... mm | Score : moyenne + <2SD =0 ; +2a4SD =
1;+>4SD =2
Taille du lobe droit ....... mm | Score : moyenne - <2SD=0;-2a4SD =
1;->4SD =2
Foie 4 : Mesure de I’hypertension portale >Score (PH)
Diametre de la veine + <2DS = Score 0; +2 a 4DS = Score 4;
porte....... mm +>4DS = Score 6
Veines collatérales ...... Varices spléniques .....veines coronaires >4mm...... Varices
gastro-cesophagiennes..... Varices pancréatico-duodénales....... Veines para-ombilicale
entierement recanalisée(=3mm) ........
Shunt spléno-rénal ....... Autres ....... Score : 0=non détectée ......... 4=
présente...........
Ascites score : 0=non détectée 3= présente

Score final d’hypertension péri-portale (PH) (0-13)

Rate <2SD=0;2a4SD = 1; Epaisseur de la vésicule biliaire <4mm
>4SD =2 =0;>dmm=1
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6) ELISA procedure

Kit component and storage:

ltem

Specifications

Storage

Micro ELISA Plate (Dismountable)

8 wells x12 strips

Reference Standard

2 vials

-20°C, 6 months

Concentrated Biotinylated Detection Ab (100x%)

1 vial, 120 uL

Concentrated HRP Conjugate (100x)

1 vial, 120 pLL

-20°C (protect from light),

6 months
Reference Standard & Sample Diluent 1 vial, 20 mL
Biotinylated Detection Ab Diluent 1 vial, 14 mL

4°C, 6 months
HRP Conjugate Diluent 1 vial, 14 mL
Concentrated Wash Buffer (25x) 1 vial, 30 mL
Substrate Reagent 1 vial, 10 mL 4°C (protect from light)
Stop Solution 1 vial, 10 mL 4°C
Plate Sealer 5 pieces
Product Description 1 copy
Certificate of Analysis 1 copy

Other supplied required:

e Microplate reader with 450 nm wavelength filter

e High-precision transfer pipette, EP tubes and disposable pipette tips

e Incubator capable of maintaining 37°C
e Deionized or distilled water

e Absorbent paper

e Beakers and graduated cylinders

e Loading slot for Wash Buffer
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Reagent preparation:

1.

4.

Wash Buffer: Dilute 30 mL of Concentrated Wash Buffer with 720 mL of deionized or
distilled water to prepare 750 mL of Wash Buffer. Note: if crystals have formed in the
concentrate, warm it in a 40°C water bath and mix it gently until the crystals have

completely dissolved.

Biotinylated Detection Ab working solution: Calculate the required amount before
the experiment (100 puL/well). In preparation, slightly more than calculated should be
prepared. Centrifuge the stock tube before use, dilute the 100x Concentrated
Biotinylated Detection Ab to a 1xworking solution with Biotinylated Detection Ab
Diluent.

Concentrated HRP Conjugate working solution: Calculate the required amount
before the experiment (100 pL/well). In preparation, slightly more than calculated
should be prepared. Dilute the 100x Concentrated HRP Conjugate to a 1x working
solution with Concentrated HRP Conjugate Diluent.

Standard serial dilution:

Take 7 EP tubes, add 500uL of Reference Standard & Sample Diluent to each tube. Pipette 500

uL of the 500 ng/mL working solution to the first tube and mix up to produce a 250 ng/mL

working solution. Pipette 500 pL of the solution from the former tube into the latter one

according to these steps. The illustration below is for reference. Note: the last tube is regarded

as a blank. Don’t pipette solution into it from the former tube.

Spoul. S00ul S00ul Spoul. S00ul S00ul

= T e W WFay WP |

500 250 125 625 31.25 1563 781 O

Figure 1: Standard serial dilution
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Assay procedure

Bring all reagents and samples to room temperature before use. Centrifuge the sample again
after thawing before the assay. It is recommended that all samples and standards be assayed in

duplicate

1. Add the Standard working solution to the first two columns: Each concentration of
the solution is added in duplicate, to one well each, side by side (100 uL for each well).
Add the samples to the other wells (100 pL for each well). Cover the plate with the
sealer provided in the kit. Incubate for 90 min at 37°C. Note: solutions should be added
to the bottom of the microELISA plate well, avoid touching the inside wall and causing

foaming as much as possible.

2. Remove the liquid out of each well, do not wash. Immediately add 100 pL of
Biotinylated Detection Ab working solution to each well. Cover with the Plate sealer.

Gently mix. Incubate for 1 hour at 37°C.

3. Aspirate or decant the solution from each well, add 350 uL of wash buffer to each
well. Soak for 1~2 min and aspirate or decant the solution from each well and pat it dry
against clean absorbent paper. Repeat this wash step 3 times. Note: a microplate washer
can be used in this and other wash steps.

4. Add 100 uL of HRP Conjugate working solution to each well. Cover with the Plate
sealer. Incubate for 30 min at 37°C.

5. Aspirate or decant the solution from each well, repeat the wash process five times as

conducted in step 3.

6. Add 90 uL of Substrate Reagent to each well. Cover with a new plate sealer. Incubate
for about 15 min at 37°C. Protect the plate from light. Note: the reaction time can be

shortened or extended according to the actual color change, but no more than 30 min.

7. Add 50 pL of Stop Solution to each well. Note: Adding the stop solution should be

done in the same order as the substrate solution.

8. Determine the optical density (OD value) of each well at once with a micro-plate reader
set to 450 nm.
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9. Calculation of results: Average the duplicate readings for each standard and sample,
then subtract the average zero standard optical density reading. Plot a four-parameter
logistic curve on log-log graph paper, with standard concentration on the x-axis and OD
values on the y-axis. If the samples have been diluted, the concentration calculated from
the standard curve must be multiplied by the dilution factor. If the OD of the sample
surpasses the upper limit of the standard curve, you should re-test it with an appropriate
dilution. The actual concentration is the calculated concentration multiplied by the

dilution factors including the amounts used in the sample preparation procedure.

7) ELISA equipment

Human IgE ELISA Kit, Catalog Number: EKC31252

BIOBASE

ELISA reader used to measure absorbance in samples at the end of experiments

.|
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Final 96-well plate after stop solution: An image of the plate following the addition of the
stop solution, showing the completed colorimetric reactions.

| Results [m] - |
Fndel Infarrnation Roalel Evalustion
| name Raciprocal Loganthem Bive xe-- ym e LI i) -n
i) LT Bamilt  Detasl  Hecidusls  Comvergence Bt Anabre  Tahle
2 wma o
Y i oo+ - xXxaETEa
a + bin(x . .
( ) Reciprocal Logarithm
500 T T T T T T T
Fararmatare i i
Mame  nlus : :
2020804034 36765E-03 Ll S IR N e - N | i ]
b -1,33391 845203 5300E-02 : : H
a00 |- ) R N _
> T
200 b - ......... ................................. -
| ) i .
! 100 . . T T i 1l T S ] !
?'__‘;_T* i | i I I i
0.0 0.2 a4 0,6 [eX. ] 1,0 1.2 1.4 1.6

Copy

K

Reciprocal Logarithmic Standard Curve, generated using Cuve-Expert software to
calculate concentrations from absorbance values
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