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Abstract

Background: Schistosomiasis (SCH) is a highly prevalent yet neglected tropical disease (NTD),
particularly in sub-Saharan Africa (SSA), where it continues to impose a significant burden on
public health and socio-economic development. Urogenital schistosomiasis (UGS), caused by S.
haematobium, is a significant public health challenge in low-altitude regions of Ethiopia,
including Gambella, Afar and Benishangul-Gumuz. While extensive research has focused on the
epidemiology and treatment of SCH, critical gaps remain in understanding the genetic makeup of
Schistosoma populations in Ethiopia and the potential hybridization events that may influence
transmission dynamics and treatment outcomes. Additionally, comprehensive epidemiological
data on S. haematobium infection is lacking across all age groups, particularly among pre-school
age children (PSAC). This gap is compounded by limited data on community knowledge,
attitudes, and practices (KAP) regarding UGS, which are essential for evaluating the

effectiveness of current control measures and designing target-specific interventions.

Objectives: This study aimed to investigate the genetic profile of S. haematobium and to identify
hybridization events in Afar and Gambella endemic areas; assess the prevalence, intensity, and
risk factors of S. haematobium infection among PSAC; evaluate community KAP in Gambella,
Abobo district; and to determine the prevalence and infection intensity of S. haematobium across

all age groups in the Kurmuk district of Benishangul-Gumuz.



Methods: A community-based cross-sectional study was conducted between 2021 and 2024 to
address all objectives. Multi-locus genetic analysis, targeting the mitochondrial cytochrome
oxidase sub-unit I (cox1) gene and the nuclear internal transcribed spacer 2 (ITS2) regions, was
performed on miracidia isolated from human urine samples using rapid diagnostic polymerase
chain reaction (RD-PCR). Infection status was determined through a urine filtration microscopy
(egg detection and count) and dipstick screened for hematuria. Socio-demographic data, risk
factors, and outcome variables (KAP) were collected using a pretested structured questionnaire.
Data were analyzed using SPSS version 23, with logistic regression and odds ratios employed to

assess the strength of associations between dependent and independent variables.

Results: A total of 177 miracidia were analyzed using mitochondrial cox1 and 24 miracidia were
analyzed using nuclear ITS2 gene markers, revealing exclusive infection with S. haematobium
and no evidence of mixed infection/hybridization with S. bovis or S. mansoni. This suggests
mono-specific transmission in the Afar and Gambella regions, likely due to ecological
separation, species-specific host preferences, and limited zoonotic transmission pathways. The
prevalence of S. haematobium infection among PSAC in Abobo, Gambella, was 16.7%, with
20% being heavy-intensity infections. The prevalence of macro and microhematuria were 7.9%
and 26.2%, respectively. The prevalence of infection was significantly higher among PSAC
playing or bathing in infested water (AOR = 2.9, CI: 1.0-8.1, p=0.041) and residing in Abaro
village (AOR = 4.3, Cl: 1.6-11.9, p=0.005). The overall prevalence of S. haematobium infection
was 34.2% in Kurmuk, Benishangul-Gumuz, with the highest prevalence among participants
with Swimming habits (AOR = 2.43, CI: 1.19-4.94, p=0.023). Infection intensity varied
significantly across villages, with mean egg counts (MEC) ranging from 2.39 in Ogendu (CI:

1.05-3.72) to 14.1 eggs/10 mL urine in Dulshatalo (CI: 4.98- 23.12).



Hematuria prevalence was 39.2%, with a higher odd in Dulshatalo village (AOR = 2.64, 95% ClI.
1.43-4.87, P = 0.004). Moreover, microhematuria was significantly associated with S.
haematobium egg detections (P < 0.001), and a moderate agreement (Kappa = 0.57) was
established with the microscope finding. The community KAP assessment in Abobo, Gambella,
revealed that most participants (90.6%) had heard of UGS, and over 94% recognized at least one
major symptom. However, more than half of the participants perceive (59.9%) drinking
contaminated water as a primary way of transmission and understanding prevention measures
(15.9% for keeping hygiene, 26.8% for refraining from using contaminated water) were limited.
Over 50% did not associate urinating near water to transmission; nearly all had contact with

dam/river water. Education and prior infection history were key predictors of better KAP.

Conclusion: This study provided critical insights into the epidemiology and genetic profile of S.
haematobium infections in endemic regions of Ethiopia, confirming the absence of mixed
infection and suggesting mono-specific transmission in Afar and Gambella. The high prevalence
of S. haematobium infection and heavy intensity, particularly among PSAC and older children
(5-12 years), shows the public health burden of UGS in these areas. The study also identified key
risk factors, such as water contact behaviors, and reveals significant gaps in community
knowledge of UGS transmission and prevention despite high awareness of the disease. To
address these challenges, targeted interventions are needed, including providing safe water
sources, improved sanitation, and community-based health education programs to reduce risky

behaviors and enhance prevention practices. Control programs should also be expanded to

include PSAC, which is currently underserved but exhibits significant infection rates.
Strengthening surveillance systems to monitor infection trends and genetic diversity and

conducting further research to explore ecological and behavioral drivers of transmission will be



essential for designing effective, context-specific strategies to achieve sustainable SCH control in

these endemic regions.

Keywords: Genetic profile; Epidemiology; community based; PSAC; S.haematobium;

knowledge, attitude, and practice; Afar, Gambella, Benishangul-Gumuz; Ethiopia.
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Chapter 1: Introduction

1.1 Background

Schistosomiasis, also known as Bilharzia, is a highly prevalent neglected tropical disease caused
by blood-dwelling fluke worms of the genus Schistosoma. Blood flukes are members of the
invertebrate phylum Platyhelminthes, which includes multicellular eukaryotic invertebrates with
tube-like or dorsoventrally flattened bodies exhibiting bilateral symmetry. Within the phylum,
schistosomes belong to the class Trematoda. The term ‘Trematoda’ is derived from the Greek
trematodes’ (having holes), referring to the ventral and oral suckers, which form the

characteristic feature of the group (Smyth, 1994).

Out of the 24 species of schistosomes, the main species known to infect humans are Schistosoma
haematobium, S. mansoni, S. japonicum, S. mekongi, S. intercalatum and S. guineensis
(Rollinson, 2009). A significant number of S. haematobium worms tend to be found in the
vesicle plexuses of the pelvis, causing UGS. On the other hand, other species primarily occur in
blood vessels around the intestine and the liver causing intestinal schistosomiaisis (Nation et al.,

2020).

A unique feature of schistosomes that differentiates them from other trematodes is their
dioecious nature,i.e., they have separate sexes. The life cycle of the Schistosoma species involves
two hosts: a mammalian definitive host and a snail intermediate host. The transmission cycle
begins when human urine or stool containing parasite eggs contaminate freshwater habitats. In
these environments, the eggs hatch into miracidia, which actively seek out and infect specific

species of freshwater snails. Inside the snails, the parasites multiply asexually by a process


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6324017/#bb0495

termed polyembryony, producing thousands of infective cercariae that are eventually released
into the water. Humans become infected through domestic, occupational, or recreational contact

with contaminated water (WHO, 2023).

The distribution of SCH is highly focal due to the transmission being dependent on the existence
of competent intermediate snail hosts. Ecological factors that promote the presence and
abundance of these snails also contribute to the local risk of Schistosoma spp transmission
(Olkeba et al., 2020; Tabo et al., 2022). Poverty-related factors like inadequate sanitation, lack of
access to clean water, and limited healthcare exacerbate the disease‘s spread. High-risk groups
include children, agricultural and fishing workers, and women performing domestic activities in

freshwater (WHO, 2022a; Lackey and Horrall, 2023).

The disease manifests in acute and chronic forms. The acute form of the disease has an
incubation period of 14-84 days, while the chronic asymptomatic infection can last for many
years. If untreated, chronic SCH can lead to high morbidity and mortality, with the onset of
unsolvable complications (King et al., 2008; McManus et al., 2018). Factors such as the age at
first infection, infection intensity, duration, and the presence of co-infections influence disease

severity (French et al., 2018).

The association between S. haematobium and UGS was first identified in the 1850s by German
pathologist Theodor Bilharz, who discovered the parasite in a patient‘s blood vessels in Egypt
(Gryseels et al., 2006). The genome of S. haematobium is approximately 385 megabases (MB),
comprising about 13,000 genes (Young et al., 2012). Within mammalian hosts, sexual
reproduction promotes hybridization and genetic diversity and enables the parasite to adapt to

natural and human induced selection pressures (Gouvras et al., 2018; Rey et al., 2021).



Diagnosing UGS involves clinical evaluation, laboratory testing, and imaging techniques.
Laboratory methods include microscopic detection of schistosome eggs in urine, dipstick tests
for haematuria and proteinuria, molecular assays to detect parasite DNA in various specimens
and immunodiagnostic techniques used to detect parasite antigens (Weerakoon et al., 2018;
Chala, 2023). Imaging techniques, including ultrasound and endoscopy, are also used to assess

disease complications (Manciulli et al., 2023).

Controlling UGS requires an integrated approach, including regular distribution of praziquantel
(PZQ), improved sanitation and access to clean water, and effective snail control measures.
Sustained efforts in community health education and strengthening healthcare infrastructure are

crucial for reducing the disease burden (McManus et al., 2018; Faust et al., 2020; WHO, 2022b).

Genome sequencing has advanced research on vaccine development, diagnostics, and targeted
treatments (Gouvras et al., 2018; Rey et al., 2021). However, the genetic profile and population
structure of Schistosoma isolates in Ethiopia remain poorly studied, despite UGS being endemic

in many low-altitude areas of the country.

1.2 Rationale for the present study

Schistosomiasis remains a significant public health challenge, with the disease being endemic in
78 countries worldwide. In 2021, the World Health Organization (WHO, 2022a) estimated that
251.4 million people required treatment for SCH. In Ethiopia, schistosomiasis is a pressing
concern, with approximately 7.2 million PSAC, 16.9 million SAC, and 30.6 million adults
residing in endemic regions, emphasizing the need for targeted control and prevention measures

(FMoH, 2021).



The impact of SCH on both the economy and health are significant, with the disease causing
more disability than mortality. In Africa, in 2021, it caused 1.5 million (0.92 to 2.58 million)
disability-adjusted life years (DALYSs) and 11,222 (9,749.48 t012,756.83) death (Peng et al.,
2025). Due to its gradual and long-lasting nature, the disease often goes unnoticed in its early
stages, posing a threat to development as it disables individuals during their most productive
years. It can lead to anemia, growth impairment, and hindered learning abilities in young
children (King et al., 2008). Chronic SCH may also affect people‘s ability to work and, in severe

cases, even result in death (WHO, 2023).

In PSAC, S. haematobium infection, which can occur within the first few months of life
(Stothard et al., 2013), causes 40- 50 % prevalence of bladder or urinary lesions reported by
ultrasound examination, which could intensify if left untreated (Barda et al., 2017; Sanchez-
Marqués et al., 2023). Meta-analysis finding shows that a single dose of 40 mg/kg oral
praziquantel is safe and effective for PSAC, similar to its use in SAC (Olliaro et al., 2020).
WHO*s 2022 guidelines recognize this and recommend expanding preventive PC to PSAC, until
pediatric formulation is widely available (WHO, 2022b). In light of the recent development of a
pediatric praziquantel (PZQ) formulation, there are also coordinated initiatives to integrate their

treatment into national control programs (Mutapi et al., 2024).

In S. haematobium infection, disease outcome varies dramatically, ranging from mild symptoms
to severe damage of the kidneys and/or bladder (Brouwer et al., 2003; Lackey and Horrall,
2023). In SSA, it is estimated to affect 112 million individuals, with 70 million individuals
experiencing haematuria, 32 million facing difficulties in urination (dysuria), 18 million
suffering from bladder-wall pathology, and 10 million experiencing major hydronephrosis (Van

der Werf et al., 2003).



According to Rollinson (2009), the pathology caused by S. haematobium could greatly outweigh
that caused by S. mansoni since chronic S. haematobium infection is associated with severe
pathological implications for bladder cancer. In Africa, the incidence rate of schistosome-
associated bladder cancer is estimated to be 7.0 per 100,000 in men and 1.8 per 100,000 in

women (Adeloye et al., 2019).

Genital schistosomiasis is also common in endemic areas of urinary manifestation of SCH in
both genders, with an estimated prevalence rate of 26 to 75% for female genital schistosomiasis
(FGS) (Van derWerf et al., 2003; Rafferty et al., 2021; Lamberti et al., 2024a) and 1 to 50% for
male genital schistosomiasis (MGS) (Kayuni et al., 2018). Genital schistosomiasis is also
considered to be a risk factor for HIV and HPV infection. The disease can therefore, have
serious sexual and reproductive health consequences in SCH endemic areas (WHO, 2023; Rossi

etal., 2024).

Furthermore, the discovery of hybrid human and animal schistosomes in West Africa adds
complexity to the situation, as these hybrid species have the potential to infect a varied range of
hosts and exhibit increased strength (Secor & Colley, 2018; Sene-Wade et al., 2018; Angora et
al., 2020). Hybridization has also already been suggested to affect the success of drug treatment
(Leger and Webster, 2017) and shapes the genetic diversity of S. haematobium (Teukeng et al.,
2022). Genetic diversity plays a crucial role in the transmission dynamics of SCH, as it can affect
the parasite‘s ability to adapt to different environments, hosts, and treatment regimens (Gower et

al., 2007; Webster et al., 2010).

In Ethiopia, while extensive research has focused on its epidemiology and treatment, there is a

critical gap in understanding the genetic makeup of Schistosoma populations and the potential



hybridization events that may influence transmission and treatment outcomes (Webster et al.,
2020). Therefore, precise identification of the species in areas where they coexist is vital to
provide accurate transmission data (Leger and Webster, 2017). In addition, the lack of
comprehensive S. haematobium epidemiological data across all age groups, particularly among
PSAC, limits the ability to design effective control strategies. Addressing these gaps is essential
for informing evidence-based policies, improving disease control programs, and ultimately
reducing the burden of UGS in Ethiopia. This study aims to bridge these gaps by assessing the
genetic profile, epidemiology, and community knowledge of S. haematobium infections in
endemic localities, providing a foundation for targeted interventions and contributing to SCH

elimination efforts in Ethiopia.



1.3 Significance of the study

The significance of this study lies in its integration of genetic analysis to deepen our
understanding of UGS. Genetic insights are crucial for monitoring shifts in parasite populations
and assessing transmission patterns. Additionally, the study highlights the high prevalence of S.
haematobium infection among PSAC, a group often neglected in SCH research and control
efforts. Epidemiological data on PSAC are vital for understanding disease dynamics and guiding
the development of age-appropriate interventions. Thus, the genetic and epidemiological findings
provide a strong foundation for future research and support the formulation of evidence based

public health policies aimed at the prevention and control of UGS.



Chapter 2: Literature Review

2.1 Epidemiology of urogenital schistosomiasis

2.1.1 Global situation

Globally, SCH affects over 220 million people, with an annual mortality rate of approximately
11,792. Sub-Saharan Africa bears the highest burden, accounting for 90.6% of individuals
requiring treatment for the disease and spread across 41 countries in the region (WHO, 2023).
The primary causative species contributing to the global disease burden are Schistosoma
mansoni, S. haematobium, and S. japonicum (Aula et al., 2021; WHO, 2022a). S. japonicum is
found in China, the Philippines, and Indonesia; S. haematobium is prevalent in Africa, the
Middle East, and the French island of Corsica; and S. mansoni is endemic in Africa, the Middle
East, the Caribbean, Brazil, Venezuela (the Bolivarian Republic of) and Suriname. Meanwhile,
the other species known to infect humans, S. guineensis and S. intercalatum (both endemic in
Central and West Africa), and S. mekongi (restricted to a short stretch of the Mekong River in
southern Lao People‘s Democratic Republic and eastern Cambodia) are of local regional

importance (WHO, 2023).

Approximately 100 million individuals are globally affected by UGS caused by S. haematobium
(WHO, 2020a). Nigeria has the highest prevalence of SCH worldwide, with over 25 million
cases, dominated by S. haematobium, followed by Tanzania with 19 million cases. The
Democratic Republic of Congo and Ghana mutually account for 15 million cases (Aula et al.,
2021; Saidu et al., 2023). Among those affected, children are disproportionately impacted, with

UGS prevalence reaching as high as 62% in some populations (Masdor et al., 2023).



The S. haematobium species group currently includes eight species, some of which have medical
importance (S. haematobium, S. intercalatum, S. guineensis) and others of veterinary relevance
(S. bovis, S. mattheii, S. curassoni) (Rollinson, 2009). Schistosoma bovis and S. haematobium are
closely related sister taxa within this group (Rollinson et al., 1990). S. bovis causes ruminant
SCH in Africa, the Mediterranean, and the Middle East. Both species utilize freshwater snails of
the same genus and their distribution overlaps in many parts of Africa (Webster, 2009). A
zoonotic hybrid between these species has been reported (Boissier et al., 2016; Angora et al.,

2020).

The distribution and transmission of S. haematobium depend on specific snail species from the
genus Bulinus, which includes approximately 36 species within four groups. Endemic regions
report variations in intermediate host species, with significant distributions across Africa,
Madagascar, the Middle East, and the Mediterranean (Rollinson et al., 2001). Notable snail
species include B. abyssinicus, B. africanus, B. tropicus, B. globosus, B. truncatus, and B.
forskalii (Rollinson, 2009; Lu et al., 2018). In Africa, Bulinus snails have been identified as key
hosts, with B. globosus exhibiting the highest prevalence of schistosome cercariae (18.4%) in

Nigeria (Hailegebriel et al., 2020).

2.1.2 Ethiopia situation

Schistosomiasis is endemic in several regions of Ethiopia and it is one of the NTDs prioritized
for control and elimination by the Ethiopian Federal Ministry of Health (FMoH, 2021). Its
prevalence varies depending on environmental conditions, sanitation, and access to clean water
(Mengistu et al., 2016). Both S. mansoni and S. haematobium have been known to be endemic

since they were first reported in a few foci during the 1950s (Kloos et al., 1988; Ali et al.,



2006; Gashaw et al., 2015). According to Woldeyohannes et al. (2021), a systemic review

among SAC, 28.9% pooled prevalence of SCH is projected.

Schistosoma haematobium is known to occur in lowland areas below 800 meters above sea level,
specifically in the Afar, Gambella, Somali, and Benishangul-Gumuz regions of Ethiopia (Deribe
et al., 2012; Negussu et al., 2013; Degarege et al., 2015; Geleta et al., 2015). Bulinus abyssinicus
and B. africanus are the two snail species that transmit S. haematobium in Ethiopia (Fig 1). In
the northeastern part of Ethiopia, particularly in Afar region and Wabe Shebelle area in the
southeast, B. abyssinicus is the primary intermediate host. Conversely, in the western region,
specifically in Kurmuk, B. africanus is responsible for transmitting the parasite (Ali et al., 2006).
However, the intermediate host species in Gambella remains unidentified (Deribew et al.,

2022D).

Figure 1: Shells of Bulinus species in Ethiopia [Source: (Garba Djirmay et al., 2024)]

Epidemiological studies indicate that UGS poses a significant health challenge in endemic

regions of Ethiopia, with SAC being the most affected population segment. In the Afar region,
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studies consistently highlight the endemic nature of UGS. Degarege et al. (2015) reported an
overall prevalence of 20.8%, ranging from 12.5% to 37.0% in the Middle Awash Valley and 0%
to 5.3% in the Lower Awash Valley among SAC. In addition, Deribew et al. (2022a) reported a
prevalence of 7% in Hassoba Buri village, while Degarege et al. (2022) reported a prevalence of

24.4% across villages such as Buri, Kusra, Hassoba, Kelhat, and Andada among SAC.

UGS is also a significant public health concern in the western Benishangul-Gumuz region,
particularly in the Kurmuk district. Mekonnen et al. (2013) reported a community prevalence of
57.8% in DulShatalo and Kurmuk towns and Deribew et al. (2022a) found a prevalence of 5.6%

among SAC in Kurmuk district.

Similarly, in high-risk areas of Gambella, Ethiopian Public Health Institute (EPHI) reported a
UGS with approximately 15% prevalence, with SAC being the most affected group (EPHI,
2021). Additional cross-sectional studies by Geleta et al. (2015) and Deribew et al. (2022a)
revealed prevalences of 35.9% and 24.2% among SAC, respectively. Limited epidemiological
studies have also been conducted in southeastern Ethiopia, specifically in the Afdera and Gode

zones of the Somali region, where Negussu et al. (2013) reported a prevalence of 16.0%.

While research on UGS predominantly focuses on SAC, other age groups remain understudied,
leaving gaps in understanding the disease's full impact across communities. Expanding research
to include adults and younger children would provide a more comprehensive picture of disease
burden and support targeted interventions. Moreover, various KAP studies in Ethiopia have
primarily assessed community awareness of intestinal SCH (Legesse et al., 2009; Nyantekyi et
al., 2014; Gebreyohanns et al., 2018; Alemu et al., 2024), often overlooking UGS in endemic

regions. This narrow focus leaves significant gaps in understanding community knowledge.
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Hence, more inclusive studies would address these gaps and inform more effective public health

strategies.

2.2. Life cycle and pathophysiology of S. haematobium infection

Schistosome parasites are multicellular organisms with a highly complex life cycle, requiring
two obligate hosts. The life cycle begins with the release of eggs into freshwater through the
urine or feces of the human host. Changes in osmolarity and light trigger the hatching of the
miracidia, which swims in the water and enters the tissue of an intermediate host (a snail). Once
inside the new host, the miracidia transform into sac-like structures called sporocysts, which
reproduce asexually to produce numerous cercariae. The mature cercariae burst through the snail
tissue and get into the water, awaiting a mammalian definitive host. Infection occurs when these
cercariae penetrate the skin, which can happen within minutes (Nelwan, 2019; Nanes Sarfati et

al., 2021).
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Figure 2: Life cycle of S. haematobium [source: (Chatterji et al., 2024)].
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Once inside the human body, the young worms embark on an incredible journey. The parasites
undergo morphological and biochemical transformations into juvenile forms called
schistosomula in the skin. These migrate into and through the dermis, eventually reaching dermal
blood vessels around 72 hours after infection (Shebel et al., 2012; Nation et al., 2020). The
schistosomula then travel through the circulation, reaching the lungs around 7-8 days post-
infection, where they may remain for up to two weeks. After this, the schistosomula migrate
from the lungs to the left side of the heart through the pulmonary veins, and from there, they
enter the abdominal aorta. From the abdominal aorta, they can reach the liver‘s portal vein via

the celiac trunk, inferior and superior mesenteric arteries, or iliac arteries (Nation et al., 2020).

Upon reaching the hepatic portal vein, the parasites experience substantial growth, elongating
their bodies toward the posterior end. Their weight doubles approximately every 2-3 days within
the first two weeks. The development of sexual reproductive organs is particularly significant
during this stage (Nanes Sarfati et al., 2021). Subsequently, the female worms seek a mate and
migrate against the blood flow from the liver to reach their preferred egg-laying sites (Mehlhorn,

2021a).

S. haematobium first enters the splenic vein and then proceeds into the inferior mesenteric vein.
This vein leads directly to the superior rectal (hemorrhoidal) vein, which connects to a network
of vessels known as the rectal venous plexus. This plexus is further interconnected with vessels
draining the reproductive organs, such as the uterine and vaginal venous plexuses in females and
the prostatic venous plexus in males. These reproductive venous plexuses, in turn, connect with
the network of vessels that drain the bladder, known as the vesical venous plexus (Nation et al.,

2020).
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The female adults lay approximately 300 round, terminally-spined eggs daily (Mehlhorn, 2021a).
These eggs are deposited in the vesical venous plexus, where they can traverse the blood vessel
bladder wall to reach the bladder lumen. To propagate the transmission cycle, only a third to half
of these eggs are excreted in the urine (Costain et al., 2019; Orish et al., 2022). The remaining
eggs become entrapped in the capillary beds of the pelvic end organs, particularly in the bladder,

ureters, and genital tract, leading to urinary and genital SCH (Santos et al., 2021).

From the liver, S. haematobium can also migrate to the superior mesenteric vein and move
towards the intestine instead of progressing to the bladder. An autopsy studies in Egypt found
adult S. haematobium worms in 47% of cases in mesenteric/portal veins and 48% in the bladder,
demonstrating their migration beyond the urinary tract (Cheever et al., 1977). They can also
enter systemic venous blood flow via the pelvic venous system or the anorectal plexus, reaching
the inferior vena cava and potentially being found in other tissue. However, eggs deposited in the
intestine and tissues are "dead-end" because they lack an efficient route to exit the host‘s body

and continue the parasite‘s transmission cycle (Nation et al., 2020).

2.3. Urogenital schistosomiasis: pathogenesis and immunological response

Schistosoma haematobium causes disease in the urinary tract, commonly called urinary
schistosomiasis, due to the migration and deposition of eggs in the bladder and urethra.
However, it has been observed that the migration of S. haematobium eggs is not confined solely
to the urinary tract. The term urogenital schistosomiasis was introduced in 2009 to describe the
condition, as S. haematobium eggs are often found in the vesical plexuses of the pelvis, which

can lead to obstructive disease in both the urinary and reproductive systems (Sturt et al., 2020a).
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The first clinical sign typically appears 10-12 weeks after infection, manifesting as haematuria
due to damage to the bladder wall, often accompanied by increased frequency of micturition and
dysuria in the later stages of the disease (Barsoum, 2013; Mawa et al., 2021). Chronic urinary
infections may lead to lesions in the bladder and ureter walls, causing fibrosis in the bladder and
lower ureters, calcification in the urinary tract, kidney damage, and, in severe cases, bladder
cancer. Furthermore, chronic infection in the genital tract can result in infertility (Mawa et al.,

2021; Santos et al., 2021).

The clinical manifestations and complications of chronic SCH are primarily due to the
inflammatory responses generated by the eggs laid by female S. haematobium in the venous
plexus of the bladder and other pelvic organs (Colley & Secor, 2014; Honeycutt et al., 2014).
The soluble antigenic glycoprotein secreted by the eggs attracts a significant immunological
response that results in granuloma formation around the eggs. These granulomas, which develop
at sites of maximal egg accumulation, aim to destroy the eggs but can also cause fibrosis in the
surrounding host tissues (Acharya et al., 2021). T-helper-2 lymphocytes primarily mediated the
formation of granulomas and the subsequent local inflammatory response (Pearce et al., 2002).
Moreover, the schistosomula and their eggs stimulate the secretion of anti-inflammatory
cytokines, promote the generation of regulatory T and B cells, and lead to elevated levels of IgE

and eosinophils (Molehin, 2020).

2.3.1. Female genital schistosomiasis

Female genital schistosomiasis (FGS) is a severe and chronic gynecological condition; estimates
suggest that 20-56 million women and girls in endemic African regions may be affected

(Kjetland et al., 2012; Kayuni et al., 2018; Nemungadi et al., 2022).
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This condition arises primarily from the deposition of S. haematobium eggs in the female genital
tract, with rare cases involving S. mansoni (Kukula et al., 2019; Nation et al., 2020). The eggs
can lodge in various parts of the genital tract (fig 6), including the cervix, uterus, vagina,
fallopian tubes, and ovaries, without any consistent predilection for a specific organ (Sturt et al.,

2020a).

The resultant granuloma formation leads to characteristic gynecological manifestations,
including grainy sandy patches, homogenous yellow sandy patches, and rubbery papules
(Randrianasolo et al., 2015; Costain et al., 2018). These lesions, accompanied by abnormal
angiogenesis, contribute to symptoms such as vaginal discharge, itching, pre-pubertal and post-

coital bleeding, and dyspareunia (Kukula et al., 2019; Nemungadi et al., 2022).
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v} fjkI ‘ A

S.hoematodium S haematoblum  Pelvic venous
egg worm pair plexus

Ovary

Fallopian tube Fallopian tube

Uterus -

g ”\. , e
//' ‘\ ¢ “‘ N

Urinary bladder

Urethra

\ 4\
Vagina — L — Anus

Figure 3: The anatomy of female genital schistosomiasis [Source: (Sturt et al., 2020b)].

FGS has been linked to adverse pregnancy outcomes, including ectopic pregnancy, miscarriages,

stillbirths, and preterm delivery (Kjetland et al., 2006; Orish et al., 2022). It may also delay
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postpartum healing and result in vesicovaginal fistula formation (Misiak et al., 2023), while
untreated cases can lead to infertility (Kjetland et al., 2010). A study in SSA reported a 44%
prevalence of sub-fertility in S. haematobium endemic regions (Miller-Fellows et al., 2017).
Moreover, a study in East Africa proved that infertility odds were higher in S. haematobium

endemic areas (Woodall & Kramer, 2018).

FGS has also been implicated in increased susceptibility to HIV. Schistosomiasis associated loss
of mucosal integrity and angiogenesis in the vagina and cervix elevate the risk of HIV
acquisition (Sturt et al., 2020b; Patel et al., 2021). Immunological changes, including elevated
CD4 receptor and chemokine co-receptor production in response to Schistosoma eggs, may

further enhance HIV transmission risk (Kleppa et al., 2014; Patel et al., 2021).

Additionally, FGS may act as a co-factor for human papillomavirus (HPV) infection and cervical
cancer through altered cervical mucosal gene expression and reduced protective cytokine levels
(Kjetland et al., 2010; Dupnik et al., 2019). However, more research is needed to confirm these

associations (Umbelino-Walker et al., 2023).

Diagnosis and management of FGS remain challenging due to limited awareness among
healthcare professionals and inadequate diagnostic resources in endemic areas (Lamberti et al.,
2024b). The clinical presentation often overlaps with sexually transmitted infections (STIs) or
cervical cancer, leading to frequent misdiagnoses (Kjetland et al., 2012; Nganda et al., 2023).
Diagnosis primarily relies on recognizing clinical features through colposcopy or pelvic
examination (Kjetland et al., 2012; Orish et al., 2022). Histological biopsy and PCR analysis of
genital specimens can confirm a diagnosis but require specialized facilities often unavailable in

endemic regions (Engels et al., 2020).
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Regular treatment with PZQ from an early age, either through MDA or test-and-treat strategies,
is effective in preventing the progression of SCH to genital damage and FGS progressing to the
granuloma stage (Kini et al., 2009; Nemungadi et al., 2022; Nganda et al., 2023). Moreover,
introducing a clinical care package at the primary healthcare level to diagnose and treat females
presenting symptoms of FGS before the age of 21 could significantly reduce sub-fertility rates
(Miller-Fellows et al., 2017) and lower HIV incidence by an estimated 9-22% (Ndeffo Mbah et
al., 2014). Furthermore, expanding the scope of healthcare services and improving the overall
delivery of care for marginalized women and girls by integrating FGS management with HIV,
STlIs, and cervical cancer prevention could greatly enhance health outcomes in endemic regions

(Engels et al., 2020).

2.3.2. Male genital schistosomiasis (MGS)

Male genital schistosomiasis (MGS) is a poorly recognized illness closely associated with
regions endemic to S. haematobium. It first came to light in Egypt (Madden, 1911) and now
affects millions of males in SSA (Kayuni et al., 2018). According to a recent report by kayuni et
al. (2024), zoonotic and hybrid schistosomes, which include mixed infections of S. mansoni and
potential hybrids of S. haematobium and S. mattheei, can lead to MGS that resembles those

caused by human schistosomes.

MGS results from the deposition of schistosome ova in various genital organs (epididymis,
prostate, seminal vesicles, vas deferens, and testes) and reproductive fluids. This can lead to a
range of symptoms, including genital or ejaculatory pain, haemospermia, abnormal ejaculate,
organ enlargement, granulomas, fibrosis, and calcifications (Stecher et al., 2015; Lang et al.,

2017; Nation et al., 2020; Kayuni et al., 2024).
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MGS is a potential cause of male infertility, although the precise incidence is unknown (Kini et
al., 2009). Male infertility resulting from SCH can be attributed to various factors, including
hormonal imbalances, damage to the testicular tissue, and partial or complete genital ductal
system obstruction resulting from granulomas and bilharzial inflammation (Abdel-Naser et al.,

2018).

MGS may also contribute to increased HIV transmission. Men with MGS exhibit elevated levels
of CD4+ lymphocytes and cytokines (e.g., IL-4, IL-6, IL-10, TNF-a) that attract HIV-infected
cells into semen, upregulate viral replication, and increase viral load (Leutscher et al., 2005;
Stecher et al., 2015). Furthermore, MGS has been linked to genital cancers, though the

mechanisms remain unclear (Figueiredo et al., 2015; Choto et al., 2020).

Diagnosing MGS remains challenging as gonadal lesions are not always detectable or specific.
Microscopic semen analysis can reveal ova, while imaging techniques such as scrotal or
transrectal ultrasonography and MRI may detect inflammation and pathologies linked to

infertility (Abdel-Naser et al., 2018).

Higher doses (60 mg/kg) of PZQ administered 2—3 times annually may be more effective in
resolving some MGS symptoms, but its ability to reverse chronic pathologies remains uncertain
(Alonso et al., 2006; Perignon et al., 2007; Lang et al., 2017). For extensive testicular or ductal
damage, hormonal replacement and assisted reproductive technologies (IVF/ICSI) may be

necessary (Abdel-Naser et al., 2018).

In general, genital schistosomiasis is underreported and underappreciated due to limited clinical
infrastructure and reliance on insensitive diagnostic methods, such as symptomatology and

microscopy (Stecher et al., 2015; Stothard et al., 2020). Low-cost molecular diagnostics and
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radiological tools like portable ultrasonography should be implemented in endemic areas to
monitor morbidity and outcomes (Kayuni et al., 2018; Engels et al., 2020). In addition, raising
awareness among healthcare providers and integrating its management with broader SCH control
programs are critical for alleviating chronic infections and associated comorbidities (Faust et al.,

2020; Orish et al., 2022).

2.3.4. Schistosoma haematobium associated bladder cancer

Schistosoma haematobium was classified as a carcinogenic parasite by the International Agency
for Research on Cancer (IARC) in 1994 and reaffirmed in 2012 (Botelho et al., 2017). It is
strongly associated with squamous cell carcinoma (SCC) of the bladder, the second leading
cause of bladder cancer globally (Saginala et al., 2020). Across Africa, in 2018 alone,
approximately 549,393 new cases of bladder cancer and 199,922 deaths were reported (Jalloh et
al., 2022). SCC in Africa is primarily linked to S. haematobium infection, though it can also arise
from other factors (Manley et al., 2017). Significant associations of SCC with S. haematobium
infection have been reported in Nigeria (41.7%) (lbrahim et al., 2015), Tanzania (73.5%)

(Rambau et al., 2013), and Senegal (29.2%) (Diao et al., 2008).

Bladder SCC linked to SCH exhibits distinct clinical features, including earlier onset, advanced
stage diagnosis, poor prognosis, and limited response to chemotherapy (Efared et al., 2022). The
disease arises when S. haematobium eggs, deposited in bladder tissues by adult worms residing
in the venous plexus, trigger chronic inflammation. This inflammation releases growth factors
and carcinogenic substances, such as cytokines TNF-a and IL-6, promoting oxidative stress,
DNA damage, cellular proliferation, and angiogenesis, key hallmarks of cancer (Honeycutt et

al., 2014; Ishida & Hsieh, 2018; Santos et al., 2021). Over time, the persistent inflammatory
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response leads to fibrosis, genetic mutations, and ultimately malignant transformation (Jalloh et

al., 2022).

In addition, chronic inflammation disrupts the local immune system, making the bladder
epithelium more vulnerable to co-infections by bacterial and viral agents, which can further
contribute to the carcinogenic process (Efared et al., 2022). Despite these findings, the specific
mechanisms by which S. haematobium infection leads to bladder cancer remain poorly

understood (Ishida & Hsieh, 2018).

The treatment of bladder cancer is typically initiated when hematuria is observed, followed by
diagnostic procedures such as cystoscopy, transabdominal ultrasound, and CT urography.
Treatment options depend on the disease stage and may include resection, chemotherapy,
cystectomy, and radiation (Saginala et al., 2020). However, in many African countries, early
diagnosis and treatment are hindered by limited access to cancer screening and diagnostic
services. As such, the most cost-effective public health response to bladder cancer in Africa is
focused on preventing SCH through effective control measures for S. haematobium infection

(Botelho et al., 2017; Adeloye et al., 2019).

2.4. Schistosomiasis control strategy and challenges

Numerous strategies and policies have been implemented to combat SCH, but despite substantial
progress, the disease continues to affect millions globally (Dioe et al., 2019). The World Health
Organization (WHO, 2022b) has updated its guidelines for controlling and eliminating human
SCH. These guidelines emphasize the importance of PC through MDA for all age groups and
stress the need to improve access to safe drinking water, enhance sanitation, control intermediate

hosts, and promote health education and behavior change.
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2.4.1. Preventive chemotherapy (PC)

Preventive chemotherapy is the periodic mass distribution of safe, quality-assured medicines to
communities and schools (WHO, 2024).The primary goal of SCH control programs is to
eliminate the morbidity associated with the disease in target populations, primarily through PC
using PZQ (Gordon et al., 2019; Faust et al., 2020). Since its development by Bayer in the
1970s, PZQ has been the first line drug for combating all species of schistosomes (Mehlhorn,
2021b). Administered at a dosage of 40 mg/kg body weight, it has demonstrated remarkable
efficacy, with cure rates up to 90% in the population (Kramer et al., 2014; Zwang & Olliaro,
2014; Andrade et al., 2017) and 92% cure rate for 1-5 year old children (Mutapi et al., 2011). Its
primary target is adult worms, reducing egg excretion and preventing the development of
morbidity (Rollinson, 2009; Kayuni et al., 2018). The mechanism of action involves interfering
with the parasite‘s muscular activity, leading to paralysis and inhibiting its binding to host tissue
(Mehlhorn, 2021b). In addition, PZQ damages the Schistosoma tegument (outer surface), which

exposes parasite antigens to strong antibody responses (Pearson et al., 2021).

Globally, PZQ, through MDA, has primarily been distributed to SAC aged 5 to 15 years, often
through school-based programs (French et al., 2018; Deol et al., 2019; Aruleba et al., 2019). In
2021, 75.3 million people received PC for SCH, of which 58.9 million were SAC, and 94% of all
treatments were delivered in the African Region (WHO, 2022a). Between 2000 and 2010 and
2015-2019, there was a significant reduction in the prevalence of SCH among SAC in SSA, with
an overall decline of 58.3%. Specifically, the prevalence of S. haematobium decreased by 67.9%,
while S. mansoni prevalence declined by 53.6% during the same period (Kokaliaris et al., 2022).
However, the existing approach has consistently failed to reach a significant portion of at-risk

individuals, including out of school children, PSAC, and women of reproductive age, and that
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could result in an age shift in the prevalence and intensity of infection (Mduluza & Mutapi.,
2017; Turner et al., 2017; Faust et al., 2020). WHO*s 2022 guidelines recognize this and
recommend expanding PC to include PSAC and high-risk adult groups, such as women of
reproductive age, pregnant and lactating women (when appropriate), and those with frequent

water contact like farmers and fishermen (WHO, 2022b).

Moreover, there is growing recognition that treatment alone will not eliminate SCH (Secor &
Colley, 2018; Santos et al., 2020). After each scheduled MDA program, within 1-2 months, the
schistosomula gives rise to a new generation of adult worms, which results in the prevalence
remaining mainly unaffected (Aruleba et al., 2019; Zacharia et al., 2020). Furthermore,
widespread use of PZQ in Africa may lead to the growth of PZQ-resistant strains (Crellen et al.,
2016; McManus et al., 2020). The long-term sustainability of PC efforts remains uncertain
without complementary interventions that address the root causes of transmission (WHO,

2022b).

In Ethiopia, according to FMoH, (2021), more than 27 million SACs have been treated through
MDA as part of broader NTD control efforts since the launch of the programs in 2016. The
campaigns are typically conducted annually or biannually in high-risk zones. According to the
health authorities of Gambella, Benishangul-Gumuz and Afar region, school-based (MDA) for
schistosomiasis and soil-transmitted helminths was conducted for years, except for the first year
of the COVID-19 pandemic. Treatment coverage rates often reach over 75.5%; effective drug
delivery is hindered by geographic barriers, logistical constraints, cultural resistance, and lack of
awareness (Chisha et al., 2020). This requires integrated control methods and an expansion of

PC to all populations in need (WHO, 2022b).
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2.4.2. Intermediate host control

The ecology of the intermediate host can influence SCH prevalence; hence, controlling the snail
can control the disease (Duarte et al., 2020; Ahamide et al., 2023). Before the focus of control
shifted to anti-schistosomiasis chemotherapy in the 1970s and early 1980s, control of
intermediate host snails was the primary strategy for managing SCH (Stothard et al., 2009;
Zheng et al., 2021), and it contributed to many successful control outcomes (Rollinson et al.,

2013; King et al., 2015).

When snail control programs are combined with MDA, the prevalence and incidence of the
disease are reduced more rapidly (Ahamide et al., 2023), and the strategy is also cost-effective
(Lo et al., 2018). Evidence from various regions shows the effectiveness of such approaches,
including a significant reduction in human prevalence in China (Li et al., 2020; Zheng et al.,
2021) and in Africa (Morocco and Tunisia) (Amarir et al., 2011; Aula et al., 2021), and its

eradication from Japan (Tanaka and Tsuji, 1997).

The primary method of snail control has traditionally involved molluscicides, with Niclosamide
being the most commonly used synthetic chemical and the only one recommended by the
WHOPE (The WHO Pesticide Evaluation Scheme) since the 1960s (WHO, 2017). However,
while effective in reducing snail populations, its use is constrained by toxicity to non-target
aquatic organisms and high operational costs, which hinder large-scale implementation (Colley
et al., 2014; Duarte et al., 2020). Efforts have been made to develop different formulations of
Niclosamide to reduce its environmental impact, but it remains problematic due to its toxicity to

fish and other aquatic life (Liu &Yang, 2021).
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In response to the drawbacks of chemical molluscicides, natural alternatives have gained
attention (Garba Djirmay et al., 2024). Natural molluscicides are less toxic and have a lower
environmental impact, making them more sustainable for long-term use in SCH control
programs, particularly in rural and environmentally sensitive areas (Lu et al., 2018; Liu &Yang,

2021).

Environmental modification has also played a crucial role in snail control. Techniques such as
vegetation removal, eliminating hiding places, and increasing water flow through mechanical
disturbance help reduce snail habitats and populations (Lu et al., 2018; King et al., 2020). In
China, several successful practices, including lining irrigation ditches with cement, converting
paddy fields, and utilizing marshland, have proven effective in controlling snail populations and

contributing to SCH control efforts (Li et al., 2016).

Biological control methods have recently gained attention as an alternative to chemical and
environmental strategies. Predatory species, such as prawns and water bugs, have been shown to
reduce snail populations effectively. A field study conducted in Senegal demonstrated that
prawns could significantly decrease snail populations and laboratory experiments on the water
bug Sphaerodema urinator have highlighted its potential as a natural predator of schistosome

intermediate hosts (Sokolow et al., 2014; Younes et al., 2017).

Despite the potential for these strategies, implementing and including snail control in MDA
efforts in Africa has proven challenging (Binder et al., 2020). The process requires extensive
training, the identification of water contact sites, and customized approaches, all of which require

significant resources and personnel (Secor & Colley, 2018).
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In Ethiopia, chemical molluscicides like niclosamide are not feasible, primarily due to budget
constraints and the high cost of these chemicals (Hailu, 2014). Hence, the FMoH strategic NTD
plan for 2021-2025 emphasizes environmental management and snail control in high-risk areas.
Key strategies include habitat modification to limit snail growth, and encouraging community

involvement in reducing snail populations and improving sanitation (FMoH, 2021).

2.4.3. Water, sanitation, and hygiene (WASH)
Efforts to control SCH transmission have increasingly emphasized the role of WASH
interventions. Reducing environmental contamination with schistosome eggs and minimizing

human contact with infested water enhance treatment outcomes and offer long-term benefits

(Evan Secor, 2014; Gordon et al., 2019).

An effective WASH strategy hinges on integrating water, sanitation, hygiene, and health
education. Monitoring and adapting these interventions to local contexts is critical, with strong
community involvement ensuring sustainability (Molyneux et al., 2017; Lopez and Fletcher,
2022). By focusing on water treatment methods such as chlorination, filtration, and UV
disinfection, as well as providing alternative safe water sources, such as piped water or protected
water points, human exposure to cercariae and other schistosome life stages can be minimized

(Braun et al., 2018).

In endemic regions, where SCH is associated with occupational or recreational water contact,
providing WASH facilities in public areas, including workplaces, is crucial (Torres-Vitolas et al.,
2023). Promoting infrastructure such as bridges and safe recreational areas could also reduce
infection risks. Achieving this requires substantial initial investment and sustained collaboration

across sectors and can lead to long-term cost savings (WHO, 2021).
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Well-maintained sanitation systems also prevent water contamination with, urine, vaginal fluids,
or stool (Grimes et al., 2014; Phillips et al., 2022). Encouraging hygiene practices, such as
handwashing with soap or “endod”, which is toxic to schistosome larvae, further strengthens

control measures (Grimes et al., 2015; Simoonga et al., 2020).

Community participation in monitoring and maintaining water quality and sanitation is essential
to ensure the sustainability of WASH programs. This involvement must include local health
workers and representatives to promote WASH adoption, maintenance, and proper use (Croll and

Rollinson, 2011).

In Ethiopia, much of the rural and small-town population relies on community-managed water
supplies and more than half (56%) of rural households use unimproved sanitation facilities
(Murungu et al., 2022). Additionally, their reliance on open water sources for domestic use,
livelihoods, and recreational activities, with common open-air defecation and urination,
highlighted the necessity of WASH facilities (Assefa et al., 2021; Phillips et al., 2022). The
Schistosomiasis Control Initiative (SCI), supported by WHO and UNICEF, began addressing
these issues in the early 2000s by scaling up WASH interventions alongside chemotherapy
programs (Jemal et al., 2019). Ethiopia has integrated WASH interventions into broader health
initiatives, significantly contributing to SCH and other NTDs control (Tchuem-Tchuente et al.,
2020). However, WASH intervention assessment is essential for tracking progress and ensuring

evidence-based decision-making (Worku, 2017; WHO, 2021).

2.4.4. Behaviour change intervention

Behavioral interventions are a key control mechanism in addressing SCH, mainly through

changing risky behaviors. These interventions focus on changing practices such as freshwater

27



contact, open defecation and promoting the use of treated water and safe hygiene practices. By
influencing behaviors, these interventions interrupt the transmission cycle of the parasite and
enhance the effectiveness of other control measures, such as MDA (Gordon et al., 2019; Torres-
Vitolas et al., 2023). A study conducted in Tigray region of Ethiopia from 2009 to 2012
combining MDA campaigns with behavioral change strategies and improved sanitation reduced
the disease prevalence from 44.7% in 2009 to 12.3% in 2010 and 2.0% by 2013 (Gal et al.,
2022). Moreover, a project integrating MDA, WASH and behavioral change interventions in

Wolita zone reports infection level reduction (Mengistu et al., 2024).

Various behavioral intervention models aim to modify human behavior, such as health education,
social-environmental, physical-environmental, and incentive-based interventions, and target
behavior change by modifying social structures and infrastructure and offering material rewards
(Torres-Vitolas et al., 2023). Health education is one of the most widely used strategies and has

aided SCH control in China (Gordon et al., 2019).

Health education messages can be disseminated through various channels, such as radio,
television, film, drama, traditional opera, and print media, including posters, magazines, and
daily items like shirts and umbrellas. Community Health Workers (CHWSs), students, teachers,
village leaders, and parents also can help spread information within the community. These
methods can be tailored to fit local contexts, cultural practices, and available resources (Stewart

& Franks, 2009).

In Ethiopia, the health extension program, launched in 2003, became a key platform for

delivering health education in rural communities. By 2015, school-based health education was
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integrated into national efforts to control SCH and linked to MDA campaigns to raise awareness

about the benefits of PZQ treatment (Molla et al., 2018; Tchuem-Tchuente, 2020).

Generally, behavior change interventions that focus on water-related behaviors, sanitation,
hygiene, and safe water use are essential for controlling SCH and are most effective when

integrated with other health measures.

2.4.5. Vaccine

Currently, no commercial vaccine is available against human schistosomes (Yamey et al., 2024).
However, vaccines could be crucial for long-term, sustainable control and elimination of SCH.
Even a partially protective vaccine, in combination with MDA, could help reduce schistosome

infections and interrupt transmission (McManus et al., 2020).

Despite discovering several promising vaccine candidates, only four—Sh28GST, Sm-14, Sm-
TSP-2, and Sm-P80 advanced to human clinical trials (Anisuzzaman et al., 2020). Of these, the
recombinant 28-kDa glutathione S-transferase (rSh28GST), presented with Alhydrogel

(Bilhvax), has shown promise in clinical studies for S. haematobium (Naseri et al., 2021).

This antigen, expressed in the tegument and sub-tegument of both adult and larval schistosomes,
is safe and immunogenic in Phase 1 and 2 trials, generating a TH2-type immune response.
However, a Phase 3 trial revealed insufficient protection, underscoring the need for continued
development of alternative candidates (Riveau et al., 2018; Anisuzzaman et al., 2020; Naseri et

al., 2021; Hotez & Bottazzi, 2023).

In conclusion, integrated, multi-component approaches targeting various points in the
schistosome life cycle are essential for controlling and ultimately eliminating SCH (Gordon et

al., 2019). The ongoing reliance on PC must be supplemented with improved access to clean
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water, better sanitation and hygiene, health education to support behavior change,
environmentally friendly snail control, and the development of a viable vaccine. Achieving these
goals will require substantial financial investment, human resources, and long-term political

commitment (Chitsulo et al., 2000; French et al., 2018).

2.5. Molecular characterization of Schistosoma haematobium

Sophisticated molecular tools have facilitated a greater understanding of the relationships
between many of the 24 recognized species of Schistosoma (Lockyer et al., 2003; Webster et al.,
2006; Loker and Brant, 2006). Because of their complex, indirectly transmitted life cycle, size,
and location within the human, interpreting the patterns of transmission and reproductive patterns
of schistosomes requires indirect methods such as population genetic analyses using tools of
molecular markers (Webster et al., 2020). Molecular characterizations enabled the study of the
genetic diversity of schistosome and snail populations as well as the detection of the different
hybridizations between Schistosoma species. This leads to opportunities to investigate many
important topics such as the contribution of parasite genetics to variation in disease burden and
pathology, the genetic consequences of various control activities for parasite populations,
patterns of recruitment and transmission in endemic areas, and the likely evolution and spread of

drug resistance (Rollinson et al., 2009; Webster et al., 2020).

2.5.1. Genetic markers used in molecular characterization

Microsatellite analyses and mitochondrial DNA sequencing methods have been developed and
are contributing to a better understanding of the genetic structure of schistosoma and snail

populations (Rollinson et al., 2009). Advances in the molecular characterization of schistosomes
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and their genomes have provided several molecular diagnostic markers for different species

(Webster et al., 2010).

Mitochondrial cox1 and nuclear ITS1 are used in different hybridization and genetic diversity
tests. Sequence variation in the cox1 gene is commonly compared between specimens to identify
evolutionary differences and similarities. It was expected that such DNA data would reveal any
geographical structuring of the parasite populations and the extent of the genetic diversity within
and between populations (Webster et al., 2012). On the other hand, nuclear ITS data is a
powerful marker for introgression detection and confirming species identity (Webster, 2009;
Leger and Webster, 2017). Hence, in most molecular studies, multi-locus approaches, combining

nuclear and mitochondrial DNA markers are applied.

Microsatellite analysis has been seen as a promising method to acquire a more detailed
characterization of genetic variation and schistosome population structure. Microsatellite loci are
highly variable DNA markers widely used to investigate how parasite populations change over
time and space, bottleneck effects and historical and contemporary population level changes
(Webster et al., 2015). Several Schistosoma species-specific microsatellite markers have thus
been developed and evaluated. One of the first attempts to isolate microsatellite markers for S.
haematobium was that of Golan et al. (2008), who identified 9 polymorphic loci with the number
of allelic diversity and gene diversity ranging from two to seven. And another 16 microsatellite
loci have been developed by Gower et al. (2011). Similarly, Glenn et al. (2013) identified 15
polymorphic microsatellite markers for S. haematobium that showed high variability in
individuals and populations. To reduce cost and time, Webster et al. (2015) developed novel
multiplex microsatellite polymerase chain reactions using 18 existing S. haematobium
microsatellite loci, which enable simultaneous amplification across two multiplex
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microsatellite PCRs. The principal drawback of microsatellite markers has been the cost and

labor associated with the need to genotype multiple loci.

Now whole genome sequences of the three principal schistosome species infecting humans are
available, which facilitates the transition from population genetics using limited numbers of
markers to population genomics using genome wide marker information, but these are large
(363-400 Mb) and prohibitively expensive (Berriman et al., 2009; Young et al., 2012; Luo et al.,
2019). To overcome that, exome capture methods are developed, utilizing RNA baits that
hybridize with the targeted exome sequences and are isolated from non-coding DNA. The
attractive features of exome sequencing for schistosome: (i) this approach is scalable to work
with hundreds of individual miracidia, (ii) repetitive regions of the genome that are problematic
to align are removed, (iii) contaminating sequences amplified from FTA cards (e.g. bacteria from
fecal matter and water) are eliminated, and (iv) reducing the genome size from 363 Mb to 15 Mb
allows sequencing to high depth read, providing robust scoring of variable sites (Le Clec‘h et al.,

2018).

2.5.2. Adifferent stage of the parasite used for DNA detection

In the past, molecular studies involved using adult worms for epidemiological studies; however,
adult worms are not available for direct sampling due to their location in the mesenteric system
surrounding the intestine or bladder. Getting adults depends on infecting laboratory snails with
miracidia and exposing laboratory rodents to cercariae from the infected snails (Webster et al.,
2010). The inherent problem of laboratory passage is that it is time-consuming and introduces
sampling error, bottlenecks and selection biases, such that the resulting isolates may not be
representative of genetic variation in the original population (Shrivastava et al., 2005; Gower et

al., 2007).
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Later, PCR amplification becomes possible from the larval stage of the parasite. This
methodology, first described by Shrivastava et al. (2005), enabled the genotyping of
individual S. japonicum larval samples that require storage by freezing, which does not apply to
field conditions. Afterward, further improved into simple, long-term, room-temperature storage
of field-collected larval schistosome samples on cards and for multiplex PCR analysis, leading to
multilocus genotyping of single larval samples by Gower et al. (2007). Even now, whole genome

sequencing from this stage becomes possible (Le Clec‘et al., 2018).

Another approach to molecularly characterize Schistosoma parasites involves extracting DNA
from the egg stage, as noted by Webster et al. (2019). However, working with eggs presents
challenges due to their immature and small size, which limits the available DNA for analysis.
Additionally, the egg‘s tough shell further complicates DNA extraction. Eggs isolated from host
feces or urine is also vulnerable to contamination, whether from bacteria or residual host DNA,

complicating the purity of the sample and the accuracy of molecular assays (Doyle et al., 2019).

An advanced preservation method was developed to preserve the egg, miracidia and cercarial
stages, allowing laboratory and epidemiological investigation without relying on live laboratory
animals. Whatman FTA cards were introduced by Gower et al. (2007) and Webster (2009)
recommended RNAlater as an effective preservation method for these stages. These preservative
methods enabled DNA marker analysis by stabilizing parasite samples directly from naturally
infected hosts, facilitating more detailed and ethically advantageous studies on parasite

heterogeneity (Webster, 2009).
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2.5.3. Genomic structure of schistosoma species

Schistosoma haematobium, S. mansoni, and S. bovis have a diploid set of eight chromosomes,
consisting of seven autosomes and a pair of sex chromosomes (ZW system). Males have
identical sex chromosomes (ZZ), while females have different ones (ZW) (Buddenborg et al.,
2021; Nikolakis et al., 2022; Stroehlein et al., 2022). The genome size of S. haematobium is 385
Mb (Young et al., 2012), while S. mansoni and S. bovis have estimated genome sizes of 363 Mb
and 374 Mb, respectively (Berriman et al., 2009; Oey et al., 2019). The cox1 gene is found in the
mitochondrial genome, spanning about 14-18 kilobase pairs and including 12—13 protein-coding
genes, including cox1 ( Le et al., 2000; Lockyer et al., 2003). ITS2 sequences are located in the
nuclear genome within the rDNA repeat unit located in chromosome 3, which contains the 18S,
5.8S, and 28S rRNA genes. These sequences are typically arranged in tandem on one or more
autosomes, but their exact chromosomal locations in schistosomes may vary and are often poorly

mapped (Hirai et al., 1889; Stroehlein et al., 2022).

2.5.4. Population genetic analyses of S. haematobium
The increasing use of molecular techniques and advancements in the tools resulted in a growing
number of reports on genetic diversity, hybridization and introgression of S. haematobium (Leger

and Webster, 2017).

2.5.4.1 Genetic diversity of S. haematobium

Genetic variability among parasite populations is an imperative factor in their potential for
producing harmful effects on human populations. The diversity of this infection may play an
important role in pathology, with heterogeneous versus homogeneous infections resulting in

different clinical outcomes (Rollinson et al., 2009).
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There is preliminary evidence of an association of specific parasite genotypes with more intense
pathology in S. haematobium (Brouwer et al., 2003). Various factors can influence the genetic
diversity of schistosome populations. Overlapping contact sites and snail and human movements
may support the coexistence of many genotypes in a given area. They can also engender the
development of new parasitic strains or families through genetic interchange and recombination

between local and introduced genotypes (Gower et al., 2013; Glenn et al., 2013).

Knowledge of the genetic diversity of schistosome and snail populations adds a further
dimension to the monitoring and surveillance of disease (Curtis et al., 2002; Rollinson et al.,
2009). S. haematobium population genetics investigation is important for understanding its
variable disease manifestations, epidemiology, if any development of drug resistance, and for

developing new strategies for treatment, vaccination, and diagnosis (Webster et al., 2012).

Several studies have shown genetic variation within and between populations of S. haematobium

in various African countries using microsatellite foci (Table 1). Across 6/5 SSA countries, high

levels of genetic diversity were detected in S. mansoni and S. haematobium populations at the
country level (Gower et al., 2013). In another study, in Africa's six locations, Glenn et al. (2013)
detected significant variance in genetic diversity and differentiation of S. haematobium with
51%-70% heterozygosity from five sampling locations. The study done in the 2 major African
endemic countries, Mali and Nigeria, by Ezeh et al. (2015) also demonstrated the significant

difference in the genetic variation of the parasite.

On the other hand, a study done on 41 localities representing 18 countries across Africa and the
Indian Ocean Islands, using microsatellite and cox1 markers, shows the low polymorphism of S.

haematobium.
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Only two groups can be identified across the parasite‘s range in SSA: Group 1clusters parasites

from mainland Africa, while Group 2 clusters parasites exclusively from the Indian Ocean

islands and the neighboring African coastal regions (Webster et al., 2012). This is also supported

by other studies done in different areas (Sady et al., 2015a; Quan et al., 2015).

Table 1: Genetic diversity of S. haematobium across Africa.

Country Level of diversity Markers used Reference (year)
Cameron Low Microsatellite loci Teukeng et al., 2022
Nigeria no genetic diversity Microsatellite loci Onyekwere et al., 2022

Cote d‘Ivoire

Significant genetic

Diversity

Microsatellite loci

Angora et al., 2022

Egypt

High

Randomly
amplified
polymorphic DNA

Markers

El-Kady et al., 2020

Egypt, Zimbabwe and

A moderate to high

Afifi et al., 2016

South Africa Level

Yemen Low mitochondrial Sady et al., 2015a
(cox1)

Sudan Low Nuclear (ITS 2) and | Quan et al., 2015
mitochondrial
(cox1)

Mali and Nigeria High level microsatellite loci Ezeh et al., 2015
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Zanzibar High Cox1 and the Webster et al., 2013
NADH-
dehydrogenase
subunit 1 (nadl)
Mali, Niger High levels Microsatellite loci Gower et al., 2013
Cameroon Intermediate

Kenya and Tanzania

Low level

Zanzibar

Malawi, Mauritius

Highest levels of

Diversity

Nigeria and Senegal

Were nearly as diverse

South Africa

Much low diversity

Microsatellite loci

Glenn et al., 2013

Mali

High

Microsatellite loci

Gower et al., 2011

2.5.4.2. Hybridization and introgression of Schistosoma haematobium

Hybridization and genome introgression in parasites and pathogens can have major impacts on

the host and the epidemiology and evolution of disease (Leger and Webster, 2017). New gene

acquisition through introgressive hybridization can lead to phenotypic innovation that can

profoundly influence disease evolution (Husey et al., 2009).

In nature, the distribution of schistosome species and their intermediate snail hosts and definitive
host specificity are believed to restrict these hybridization events from occurring. However, the
ecological barriers between species can be lost due to natural and anthropogenic changes (Husey
et al., 2009). Anthropogenic changes, such as dam construction, human and animal migration,

and altered agricultural practices, increasing global trade, and climate change, are predicted to
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increase opportunities for interspecific exposure and co-infection and, therefore, hybridization
(Leger and Webster, 2017). Moreover, allelic exchange among gene pools of sympatric,

interbreeding species leads to instant large genetic diversity (Panzner & Boissier, 2021).

Schistosomes undergo a sexual reproductive stage within their mammalian host, enabling
interactions between different species (heterospecific crosses), which may result in either
parthenogenesis or hybridization depending on the phylogenetic distance of the species involved
(Webster et al., 2013; Sene-Wade et al., 2018). As a result, human populations encounter new
infections more frequently, and co-infection by multiple parasites from different lineages or

species within individual hosts can occur (Webster et al., 2013).

The different Hybridizations that occur between schistosomes have already been identified using
molecular tools between different human specific schistosome species (e.g S. mansoni and
S.haematobium), different animal-specific schistosome species (e.g S. bovis x S. curassoni
hybrids ), and between human specific and animal specific schistosome species (e,g S.haematobium
x S. bovis and S.haematobium x S. mattheei) (Webster et al., 2010; Webster et al., 2013; Moné et
al., 2015; Leger and Webster, 2017). Studies have highlighted the existence of introgressive
hybridization between human-specific and animal-specific schistosome species as a possible
emerging public health problem that may pose a serious challenge for disease control and
elimination programs. Since then, hybridization between schistosomes has been known to
influence the disease epidemiology and enhance phenotypic characteristics affecting
transmission, morbidity and drug sensitivity (Webster et al., 2013; Leger and Webster, 2017). In
addition, the hybrid status of the parasite may impair the parasitological, serological, and

molecular diagnostic (Fernandez-Soto et al., 2020).
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In many endemic areas, S. haematobium is sympatric with S. bovis, S. mattheei, S. curassoni, S.
intercalatum, and S. magrebowiei, a closely related species that shares certain characteristics. In
such closely related species, when co-infecting a host, introgression can result and whole
genome admixture can occur through hybridization (Leger and Webster, 2017). Most studies
focus on S. haematobium and S. bovis hybridizations, since from the other S. haematobium group
species S. bovis, is the most abundant, potentially having the widest geographical overlap
(Webster et al., 2010). Certain members within the group's ability to hybridize and form viable
offspring, especially emphasized in S. haematobium and S. bovis, had been proved. This is
evidenced by hybridization events detected in the laboratory by Taylor (1970) and Webster et al.
(2013) and hybridization in humans and snails in nature (Table 2). Moreover, according to Platt
et al. (2019), S. bovis/S. haematobium hybridization demonstrates profound consequences of
ancient introgression, at least occurring 108-613 generations ago,from a livestock parasite into
the genome of S.haematobium.And such introgression is unidirectional from S.bovis with in

S.haematobium (Rey et al., 2021).

According to Mathieu-Bégné et al. (2024), hybrid schistosomes could exploit traits from both S.
haematobium and S. bovis, potentially improving their survival, infectivity, and ability to adapt

to diverse immune environments in humans and livestock.

Table 2: Hybridization between Schistosoma species

Host species Species Country Genetic markers used Reference

detected in (year)

From human S.haematobiumand | Mali Cox1 and ITS2 Agniwo et al.,
S.bovis 2023
S.haematobium and | Cameron nuclear (ITS2) and Teukeng et al.,
S.bovis 2022

mitochondrial (cox1)

S.haematobium and | Nigeria Cox1l and ITS2 Onyekwere et
S.bovis al., 2022
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S.haematobium and | C6te d‘Ivoire | Cox1 and ITS2 Angora et al.,
S.bovis 2020
S.haematobium and | Malawi Cox1 and ITS2 Webster et al.,
S.bovis 2019
From human S.haematobiumand | Senegal River| Microsatellite, Cox1 and Boon
(Senegal) S.bovis Basin ITS?2 et al., 2018;
Boon et al.,
2019
S.haematobiumand | Richard-Toll | Cox1 and ITS2 Webster et al.,
S.bovis
2013;Sene-
Wade et al.,
2018
S.haematobium and | Delta of the | Cox1 and ITS2 Husey et al.,
S.bovis Senegal 2009
River
S.haematobiumand | Mali Soentjens et al.,
S.bovis 2016
S.haematobium and Corsica, Coxl and ITS2 Boissier et al.,
S.bovis France 2015
S.haematobium and Cox1l and ITS2 Moné et al.,
S.bovis 2015
S.haematobium and Le Govic et al.,
S.mansoni France 2019
From snail S.haematobiumand | Niger Microsatellite, Cox1 and Pennance et al.,

S.bovis

ITS2 and 18S DNA

Regions

2020

S.haematobium and
S.bovis

Cote d‘Ivoire

Cox1 and ITS2

Tian bi et al.,
2019

Furthermore, S. haematobium hybridizations with other animal and main human schistosome

species were also reported in different areas. S. haematobium—mattheei hybrid was detected in

Malawi (Webster et al., 2019) and hybrids resulting from S. mansoni and S. haematobium
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schistosome cross-breeding have been documented in northern Senegal (Husey et al., 2013) and

from a migrant boy in France (Le Govic et al., 2019).

There is also a report of an infection cluster of prepatent S. haematobium x S. mattheei hybrids,
with evidence of S. mansoni infection, as detected in returned Belgium travelers from South
Africa (Cnops et al., 2021). These multi-species co-infection and new hybrids may indicate
zygotic species barriers are breaking down, allowing perhaps even broader schistosome species

barriers to become eroded (Stothard et al., 2020).

The biological, epidemiological, or pathological consequences of this hybridization are yet
unknown but certainly warrant further investigation due to the potential risk of zoonotic
transmission, reservoirs of infection, increased transmission and pathology related to hybrid

vigor (Sene-Wade et al., 2018).
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Chapter 3: Research Questions and Objectives

3.1. Research questions

Based on the review of the literature, the following research questions were proposed:

i) What was the genetic profile of Schistosoma species circulating in Afar and Gambella

endemic regions of Ethiopia?

i) What were the prevalence, infection intensity, and associated risk factors of S. haematobium
infections among PSAC in Abobo, Gambella, Ethiopia?

iii) What were the prevalence, infection intensity, and factors associated with S. haematobium
infections among community members in Kurmuk, Benishangul-Gumuz, Ethiopia?

iIvV) What was KAP levels regarding UGS among community members in Abobo, Gambella,

Ethiopia?

42



3.2. Objectives

3.2.1. General objective

The general objective of the study was to assess the genetic profile, epidemiology, and
community knowledge of S. haematobium infections in UGS endemic localities in Ethiopia.

3.2.2. Specific objective

i) To molecularly characterize the genetic profile of Schistosoma species isolated from human
hosts in Afar and Gambella regions of Ethiopia.

ii) To determine the prevalence, intensity and associated factors of S. haematobium
infection among PSAC in Abobo, Gambella, Ethiopia.

iii) To determine the prevalence and infection intensity of S. haematobium among community

members in Kurmuk, Benishangul-Gumuz, Ethiopia.

iv) To assess the levels of KAP related to UGS among community members in Abobo,

Gambella, Ethiopia.
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Chapter 4: Materials and Methods

4.1. Study area and population

The study was conducted in three UGS endemic areas of Ethiopia (Gambella, Afar and
Benishangul- Gumuz), which differ in climate and geographical profiles but share common risk
factors for transmission, including limited access to safe drinking water, improved sanitation,

and inadequate health infrastructure (Leta et al., 2020; FMoH, 2021).

The study was conducted in three regions of Ethiopia, each with a specific focus. In the
Gambella Region (Abobo District), the research focused on the molecular characterization of
Schistosoma species, assessing the prevalence, intensity, and associated risk factors of S.
haematobium infections among PSAC, as well as evaluating community KAP regarding UGS.
In the Afar Region (Haruka District), the study primarily focused on the molecular
characterization of Schistosoma species. Meanwhile, in the Benishangul-Gumuz Region
(Kurmuk District), the research aimed to determine the prevalence, intensity, and risk factors of

S. haematobium infections among the community.

Gambela is located in southwestern Ethiopia, bordering South Sudan to the west, the Oromia
Region to the northeast, and the Southwest Ethiopia Peoples’ Region to the southeast. The region
is divided into four administrative zones. Abobo Wereda, part of the Anywaa Zone, is situated at
7°51'0" North, 34°33'0" East, approximately 822 kilometers southwest of Addis Ababa. Its
altitude ranges from 650 to 1,337 meters above sea level. According to 2022 demographic data
from the regional office, Abobo Wereda had a population of 28,661, with 14,043 males and
14,618 females in 19 kebeles. The primary economic activities in the area are agriculture and

fishing. The Alwero River that flows through Abobo town is a vital resource for domestic,
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occupational, and recreational purposes. There is only one catholic health center.

The Afar Region is located in northeastern Ethiopia, spanning coordinates 39°34'—42°28'E and
8°49'-14°30'N. It shares regional borders with the Tigray Region to the northwest, the Amhara
Region to the southwest, the Oromia Region to the south, and the Somali Region to the
southeast. Internationally, it borders Djibouti to the east and Eritrea to the northeast (CSA, 2021).
The region is subdivided into six administrative zones and one special woreda. Haruka District,
located in Zone 3 of the Afar Region, lies in the Middle Awash Basin (Haldane river and Belean
stream), approximately 300 kilometers northeast of Addis Ababa. The district comprises nine
kebeles and has a population of 20,146, most of whom are pastoralists. Livestock, such as cattle,
goats, sheep, camels, and donkeys, play a vital role in the district’'s economy, providing the
primary source of livelihood for many households. The district's pastoralist communities are
heavily dependent on the seasonal movement of livestock, which is influenced by the availability
of grazing land and water resources (Megenas et al., 2024). There is no governmental health

center.

Benishangul-Gumuz is one of the eleven regional states in Ethiopia, subdivided into three
administrative zones. Kurmuk is one of the seven districts in the Assosa Zone of Benishangul -
Gumuz Regional State, located approximately 762 kilometers west of Addis Ababa. Kurmuk
district is bordered by Menge district to the east, Sudan and South Sudan to the west, Sherkolle
district to the north, and Komosha district to the southeast. Kurmuk experiences arid and semi-
arid desert climatic conditions, with an annual rainfall ranging from 1,000 to 1,500 millimeters
and temperatures between 28°C and 42°C. The altitude of the district varies from 650 to 1,337
meters above sea level. According to the 2020 local health office demographic, the population of

the Kurmuk district was 24,346, comprising 12,051 males and 12,295 females in 19 kebeles.
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The primary economic activities in Kurmuk include traditional gold mining, trade, and
agriculture. The community relies heavily on seasonal streams (Shamade and Dinchaba river)
and Kurmuk dam for domestic and occupational activities. The district is served by three

health centers: Horazhabe, Dull-Shitalo, and Famatsera.
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Figure 4: Map of the study areas

4.2. Study design and period

Between June 2021 and July 2024, community-based cross-sectional studies were conducted to
assess the prevalence and infection intensity of S. haematobium, evaluate KAP and perform

miracidia genotyping.
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4.3. Source of population and study participants

Source population and study participants for each objective

Molecular characterization of Schistosoma (Afar and Gambella)

o Source population: All circulating Schistosoma genetic profiles in Afar and
Gambella regions during the study period.

o Study participants: Were purposively selected children aged 5 to 15 years,
residing in Haruka and Abobo districts.

e Inclusion criteria:

+ Children aged 5 to 15 years

Volunteered to participate in the study

Tested positive for hematuria (> +2) using a urine dipstick test

Had hatched miracidia

Residing in Haruka or Abobo districts
o Exclusion criteria:
+ Children outside the age range of 5 to 15 years
» Those who did not volunteer to participate
» Hematuria negative or hematuria score less than +2 by dipstick test

» Unsuccessful hatched miracidia

Prevalence, infection intensity, and risk factors of S. haematobium among PSAC (Abobo,

Gambella)

e Source population: All healthy PSAC aged 1-5 years living in Abobo district

during the study period.
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o Study participants: From four purposively selected kebeles/villages (Abaro,
Tagni, Mender 17, and Wankak), randomly selected PSAC were included in

the study.

Inclusion criteria:

e PSAC aged 1to 5 years

e Living in the study area

e One child per household

o Mothers /caregivers were available and willing to participate in an interview
Exclusion criteria:

o Children outside the age range of 1 to 5 years

« Not residing in one of the selected kebeles

o More than one eligible child per household

o Urine sample less than 10ml

e Mothers or caregivers who were unavailable or refused the interview

Prevalence and infection intensity of S. haematobium among community members

(Kurmuk, Benishangul-Gumuz)

o Source population: All individuals residing in Kurmuk district during the study period.
e Study participants: From purposively selected four kebles\villages
(Dulshatalo, Belehu- jibla, Ogendu, and Kurmuk), randomly selected
individuals aged 5 years and above who volunteered participated in the study.
Inclusion criteria

¢ Individuals aged less than five years
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¢ Residents of Dulshatalo, Belehu-Jibla, Ogendu, or Kurmuk kebeles
e Volunteered and provided informed consent (or assent for minors with
parental/guardian consent)
Exclusion criteria
e Individuals who are temporarily visiting the selected kebeles
e Individuals with severe disease

e Individuals unwilling to provide consent/assent

KAP related to UGS (Abobo, Gambella)

e Source population: All community members residing in Abobo district during
the study period.
o Study participants: From purposively selected Abobo town and mender 4 and
5 kebele, household heads and household members were the study participants
Inclusion criteria:
o Residents of Abobo Town and Mender 4 and 5 kebeles
« Household heads or household members aged 12 years or older
o Volunteered to participate in the study
Exclusion criteria:
 Individuals younger than 12 years
o Not residing in the study kebeles
o Unwilling to participate
4.4. Sample size estimation
The sample size for estimating the prevalence of S. haematobium infection and KAP study was
calculated using the following formula (Charan & Biswas, 2013):
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n=(Za/2)*-p(1-p)
d2

Where:

N is the sample size.

e Za/2is the Z-score corresponding to the desired confidence level (for a 95% confidence
level, Zo/2=1.96).

e P is the estimated prevalence, as no recent population-based study exists (50% (or
p=0.5))

o D isthe desired absolute precision or margin of error (5%).

n=(1.96)%0.5. (1-0.5)

(0.05)

n=(3.8416) -0.25
0.0025

n=(0.9604)

0.0025

n= 384

A 5% non-response rate was added to the initial sample size. Thus, the final sample size was

403.
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4.5. Sampling technique

The study areas (districts and kebeles) were selected purposively from Gambella, Afar and
Benishangul-Gumuz regions of Ethiopia based on the endemicity of UGS (Birrie et al., 1995;
Mekonnen et al., 2013; Geleta et al., 2015; Degarege et al., 2022) and proximity to water
sources. The study targeted Abobo Wereda (Gambella) near the Alwero River, Kurmuk District
(Benishangul-Gumuz) near seasonal streams (Shamade and Dinchaba River) and dam, and

Haruka District (Afar) in the Middle Awash Basin, where S. haematobium is prevalent.

Molecular characterization study

e Two districts purposively nominated from Afar and Gambella regions and again study
participants purposively chosen based on having hatched miracidia.

Prevalence studies (Abobo and kurmuk Districts)

e The study districts were stratified by kebeles based on their administrative boundaries.

The sample size was allocated proportionally to each kebele according to its population

size. Study participants were randomly selected from each kebele using a simple random
sampling technique.
KAP study (Abobo district)

e A list of all households in the selected kebeles of Abobo district was obtained from the
respective kebele leaders. The total sample size (n=403) was proportionally distributed
among the kebeles (323 particpants from abobo town and 80 participants from Mender 4
and 5) based on the number of households (1043 vs 260) in each study site. Households
were then selected using a systematic random sampling technique. The study participants
from each selected household were recruited using a simple random sampling technique

(one person from each household).
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4.6. Sample collection and investigation

4.6.1. Sample collection and processing for molecular characterization (Afar and Gambella)
4.6.1.1. Collection and preservation of miracidia on Whatman FTA cards

Urine samples were first filtered. After thorough mixing, 10 ml urine was taken by syringe and
pushed gently through the filter (polycarbonate filter with a 12 um pore size and Swinnex
polypropylene filter holder (SterliTech corporation, USA). To facilitate miracidia hatching, the
filter was removed with forceps, placed in a petri dish filled with bottled water and exposed to

sunlight for 30 minutes (Webster et al., 2010).

Once miracidia hatched, 10 to 20 miracidia were carefully collected from each child using a
micropipette under a dissecting microscope to ensure precise collection. Each miracidium was
placed onto a separate area of the Whatman FTA card (QIAGEN, Germany), allowing for proper
absorption and preventing sample mixing. The FTA card was left to air-dry for one hour to

stabilize the genetic material before storage. Once dried, the FTA cards were labeled with

essential sample information, including the collection date, location, and number of miracidia.
The labeled cards were then placed in a sealed plastic bag to protect them from moisture and
contamination (Gower et al., 2011). The sealed bags were stored at room temperature until

further molecular analysis.

4.6.1.2. DNA extraction and quality control

DNA extraction from each miracidium was carried out using the protocol outlined by Beltran et
al. (2008) with a little modification. A 4-mm Harris Uni-core micro-punch (Qiagen, Hilden,
Germany) was used to excise the specific area on the Whatman FTA card where each

miracidium had been deposited. The punch was then placed into a 1.5-ml Eppendorf tube
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containing 20 pl of 250 mM NaOH. The tube was left at room temperature for 1 hour to

facilitate cell lysis and DNA release.

Following this, the sample was incubated at 99°C for at least 8 minutes without agitation to
ensure proper cell disruption. Afterward, 10 pl of 250 mM HCI, 5 pl of 500 mM Tris-HCI, and 5
pl of 2% Triton X-100 were added and then incubated at 99°C for an additional 8 minutes with
agitation at 12,000 rpm to extract the DNA. Finally, the DNA was eluted with 50 pl of nuclease-

free water and stored at -20 °C until further analysis.

The quality of the DNA was assessed through two quality control steps to ensure its suitability
for downstream molecular analyses. The concentration of the DNA was measured using the
Qubit 4 Fluorometer (Thermo Fisher Scientific, USA), which provided accurate quantification
based on fluorescent dyes that specifically bind to nucleic acids. The integrity and purity of the

DNA were further evaluated using gel electrophoresis. The extracted DNA and molecular weight

ladder were loaded in a 2% agarose gel, then visualized under UV light for clear, distinct bands

and the absence of smearing, indicating high-quality DNA suitable for molecular applications.

4.6.1.3. PCR amplification

1. Cox1 genotyping
DNA from each miracidium was molecularly characterized by rapid diagnostic multiplex PCR
(RD-PCR) on cox1 (Webster et al.,, 2010). For each Schistosoma species, species-specific
primers (Table 3) were used (S. haematobium 120 bp, S. mansoni 215 bp, and S. bovis 260 bp)

(Angora et al., 2020) (Table 3).
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Table 3: Primer Sequences for species identification

Primer type Primer name | Sequence
Universal reverse Shmb.R 5'-CAA GTATCA TGA AAY ART ATR TCT
AA -3’
Species-specific Sh.F 5'-GTT TAG GTAGTG TAGTTT GGG CTC
forward primers AC-3'
Sm.F 5-CTT TGATTC GTT AAC TGG AGT G-3'
Sh.F 5'-GGT CTC GTG TAT GAG ATC CTATAG
TTT G-3'

2. Nuclear internal transcribed spacer 11 (ITS2) genotyping

ITS2 genotyping on a randomly selected sample of 24 miracidia was assessed for all sites using a
previously described PCR protocol (Webster et al., 2013; Webster et al., 2010).

Schistosoma genus-specific primers amplifying a 505 bp fragment of the internal transcribed

spacer-2 (ITS2) sub-unit consisting of using one set of primers, namely ITS2F (5'-

GGCTGCAGCGTTAACCATTA-3"and ITS2R: (5'-"ACACACACCATCGGTACAAA-3").

Each PCR was carried out in a total volume reaction of 20 pl. The reaction mix included 10 pL
of 2X Platinum™ SuperFi II PCR Master Mix (Thermo Fisher Scientific, USA), 3 pL of
extracted DNA, 2 pL of 1X primer mix (comprising 1 pL of 10 uM reverse primer and 1 pL of
10 puM forward primer), and 5 pL of nuclease-free water. After gently mixing the components
and briefly spinning them down to ensure they were at the bottom of the tube, the tubes were

placed into the thermal cycler.
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The thermal cycling conditions were as follows: an initial denaturation step at 98°C for 30
seconds to denature the DNA, followed by 30 cycles of denaturation at 98°C for 10 seconds,
primer annealing at 52°C for 30 seconds, and extension at 72°C for 2 minutes. After
amplification, a final extension was performed at 72°C for 5 minutes, followed by holding the
reactions at 4°C. The PCR reactions were run on a GeneAmp PCR System 9700 (Applied

Biosystems, USA).

After amplification, 5 pL of the PCR product, a positive control and a ladder (100bp) were
loaded onto a 2% agarose gel stained with 10 puL of GelRed dye. The gel was then subjected to
electrophoresis at 130 V for 45 minutes. Following electrophoresis, the gel was visualized under

a UV transilluminator, and an image was captured for analysis (Onyekwere et al., 2022).

The COX1 and ITS2 gene amplified fragment size was compared with the molecular weight
marker, and the expected amplicon size was confirmed based on the primers used and the

organism's genetic profile. The PCR products were stored at -20°C for future further genotyping.

Quality control measures were implemented, using negative control to prevent contamination

and a positive control to ensure the PCR reaction was functioning correctly.

4.6.2. Data collection and laboratory examination for the prevalence studies (Abobo and

Kurmuk Districts)

4.6.2.1. Urine sample collection

A community announcement about urine examinations was made by kebele leaders (local
authorities), health extension workers and instructors before the start of the sample collection.
Then, in the following days, the objectives of the study were explained and consent obtained,

and using a structured format first, socio-demographic information and water contact behavior
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data were collected from study participants with the help of NTD nurses and health extension
workers, who know the local language (Aguak, Kenbata and Berta). Then, at the end of the
interview, the participants brought urine samples between 10:00 am and 2:00 pm in 50ml
containers. The containers were checked for at least 10 ml; if insufficient, the participants drank
water and tried again. The presence of blood in the urine was tested by using urinalysis reagent
strips (LABOQUICK Urine Testing Strips, 10 Parameter Urinalysis Test Strips, Turkey),
afterward, the sample was preserved using formalin (0.1ml for 10ml of urine) and transported to

Aklilu Lemma Institute of Health Research (ALIHR) laboratory for microscopic examination.

4.6.2.2. Questionnaire survey

Socio-demographic and water contact behavior information was collected through close-ended
questionnaires. Following demographic information, taking the PSAC to water source, PSAC
bathing or playing and urinating in water, and warming water to wash the child at home were
among water contact practice questions forwarded for mothers/caregivers in Abobo district. In
Kurmuk district, for the communities® prevalence study, swimming, playing and washing habits

in open water were the questions raised.

4.6.2.3. Macro and microhaematuria detection

In this study, macrohaematuria refers to visible blood in urine, while microhaematuria indicates
red blood cell (RBC) detection through urinalysis (Leslie et al., 2024). First, a visual inspection
of the urine was done to see a red or pink discoloration in the urine sample then further
investigated by using urinalysis strip test by briefly immersing the complete area of the strip into
the urine sample (upto 5 seconds), the strip removed and hold in horizontal position for about a

minute. Then the reagent strip was compared with corresponding color blocks and the intensity
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of microhaematuria was recorded according to the manufacturers instruction (LABOQUICK 10
parameter Urinalysis Test Strips, Turkey, bach No. LURS.021.004), (negative; trace; +; ++; and

+++).

4.6.2.4. Urine filtration and microscopy

The urine filtration technique was used to identify S. haematobium eggs in urine samples. The
urine sample was drawn into a 10 ml disposable syringe, and a polycarbonate filter with a 12 um
pore size (SterliTech corporation, USA) was attached to the syringe using a Swinnex
polypropylene filter holder (SterliTech corporation, USA). The urine was gently pushed through
the filter using the syringe plunger to avoid damaging the filter or losing eggs. After filtration,
the filter was removed using forceps and placed on a clean microscope slide (Ahmed, 2015). The
slide was then examined under a light microscope, with the 10x objective, by trained laboratory
technicians and quality control was performed on 10% of the slides. The S. haematobium eggs
were identified based on their characteristic oval shape and terminal spine. The number of eggs

is counted, and the level and intensity were determined per 10ml of urine and categorized as light

(< 50 egg) and heavy infections (> 50 egg) (WHO, 1991). In this study, S. haematobium

infection and UGS were defined as the presence of S. haematobium eggs in urine.

4.6.3. Data collection and processing for assessing KAPs (Abobo district, Gambella)

Data were collected using structured and some open-ended questionnaires. The questionnaire
developed through conducting a scoping review of existing literature and evaluating similar
questionnaires (Kabatereine et al., 2014; Sady et al., 2015; Koffi et al., 2018; Dejon- Agobe et
al., 2021; Essien-Baidoo et al., 2023). Questionnaire includes a structured introduction and
sequenced logically, starting with general socio demographic questions to more specific ones

(Boynton et al., 2004; Ranganathan & Caduff, 2023).
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The questionnaire was designed to assess various aspects of participants, knowledge (on
symptoms, mode of transmission, prevention, and control), attitudes (toward its severity,
prevention and sanitation practice), and practices (health-seeking behavior and risky practice)
toward UGS. Most questions were structured, offering single or multiple response options. "I
don‘t know" and "Other" options were included in the questionnaire to minimize guessing. In
addition, the questionnaire featured open-ended questions to capture participants' perspectives
and thoughts regarding the prevention and treatment of UGS. The questionnaire was initially
developed in English, translated into Amharic and pre-tested for clarity and acceptability in the
study districts. Through a house-to-house visit, each interview was done by trained NTD nurses
fluent in the local language and selected from each of the study kebeles. To complement the
questionnaires, direct observations were made regarding the participants' behaviors related to
open-water contact, the presence of Bulinus snails, and human waste near the dam. Each correct
answer on the questionnaire was assigned one point, while incorrect or —I don‘t knowl
responses received zero points (Dejon- Agobe et al., 2021). The total score for each participant
was calculated by summing up the points across various sections of the questionnaire, amounting
to 24, 2, 2 and 5 points for knowledge, attitudes, for treatment-seeking practice, and risky
practice (open water contact practice and urinating in an open field/ bush/by open water),

respectively.

4.7. Dependent and independent variables

For molecular characterization of Schistosoma Species (Afar and Gambella)

o Dependent variable:
o Genetic profile of Schistosoma miracidia

e Independent variables:

58



o Geographic location (Afar and Gambella)
o Age and sex of participants

For prevalence of S. haematobium among PSAC (Abobo, Gambella)

« Dependent variables:
o Prevalence of S. haematobium infection
o Infection intensity (mean egg count per 10 mL of urine)
o Independent variables:
o Socio-demographic factors: sex, age, education, occupation, residing village
o Water contact behavior
For prevalence of S. haematobium among community members (Kurmuk, Benishangul-

Gumuz)

o Dependent variables:
o Prevalence of S. haematobium infection

o Infection intensity (mean egg count per 10 mL of urine)

e Independent variables:
o Socio-demographic factors: Age, gender, education level, occupation, and
kebelelvillages.
o Water contact behavior

For KAP related to UGS (Abobo, Gambella)

o Dependent variables:
o Knowledge about UGS
o Attitude towards UGS

o practices related to UGS
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e Independent variables:
o Socio-demographic factors: sex, age, education, occupation

o History of UGS (yes/no)

4.8. Data analysis

Data were analyzed using Statistical Package for Social Sciences (SPSS) software version 23.0
after the completion of data collection, cleaning, editing, and coding. The descriptive statistics
(mean, percentages, or frequency) were calculated and summarized in tables and figures.
Bivariate and multivariate logistic regressions were used to determine the associations as well as
the strength of associations of the outcome variable of interest with the independent variable.
Variables with P- values less than0.25 in the binary logistic test were included in the
multivariable model to determine the key correlates of S. haematobium infections. Odds ratios
(OR) at 95% confidence intervals (CI) were computed to measure the strength of association
between different exposure variables and the outcome variable of interest. A p-values of less
than 0.05 was considered statistically significant. Mean egg count association with independent
variables was analyzed using the Mann-Whitney U and Kruskal-Wallis non- parametric test.
Agreement between microscopic examination and urine dipstick test results was determined

using Kappa statistic.

4.9. Quality control

Various measures were taken to ensure that data collected from the study subjects was accurate
and reliable. The data collectors received a thorough orientation on the study's objectives, which
helped them understand the importance of maintaining data integrity. Any errors discovered

during the pre-analytical, analytical, and post-analytical processes were promptly corrected. The
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investigators closely monitored the analytical procedures throughout the data collection period,
including laboratory investigations, to ensure consistent and valid results. Standard operating
procedures (SOPs) were developed for each task and strictly followed to guarantee the quality of

all activities described in this study.

4.10. Ethical consideration

The protocol was reviewed and ethically approved (Ref No: ALIPB IRB/13/2019/20) by the
Institutional Review Board (IRB) of former Aklilu Lemma Institute of Pathobiology, Addis
Ababa University (ALIPB) presently Aklilu Lemma Institute of Health Research (ALIHR).
Permission to conduct the study was obtained from the regional, the head of the district health
offices and from the kebele authority. The participants were informed in the local language about
the aim of the research and assured that they had full right to participate or withdraw from the
study. Urine samples were collected after obtaining informed written consent and assent from all

potential candidates or their parents/caregivers. Participants who were positive for UGS were

treated with praziquantel (at 40 mg/kg body weight). Confidentiality was ensured by
anonymizing data, removing personal names, and securely storing information in password-
protected files. Data were used solely for study purposes, and results were presented without

identifying study participants.
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Chapter 5: Results

5.1. Characteristics of study participants involved in molecular analysis

The study included 44 participants aged 5-15 years, all microscopy positive. Among them, 28
(63.6 %) showed +3 haematuria and 16 (36.4%) had +2 haematuria. Most study participants
were males (68.2%) and 9-13 years old (43.2 %). Participants were nearly evenly distributed

between Afar (47.7%) and Gambella (52.3%) (Table 4).

Table 4: Socio-demographic characteristics of participants involved in molecular analysis

Variables Categories No. Percent

Age (yrs) 5-8 13 29.5
9-13 19 43.2
14-15 12 217.3

Sex Male 30 68.2
Female 14 318

Region Afar 21 47.7
Gambella 23 52.3

5.2. Genotyping of Schistosoma using the Cox1 and ITS2 gene

Two hundred eighty samples were genotyped, from which only 177 gave consistent results using
the RD-PCR, targeting the COX1 mitochondrial gene. In addition, 24 (12 from Afar and 12 from

Gambella) Schistosoma miracidia genotyped targeting 1TS2 nuclear gene (Table 5).
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Table 5: Number of Miracidia collected from participants and analyzed

Region Villages Altitude/longitude No of children | Miracidia
genotyped (N)
Gambella Abobo N 7°51'0, 34°33'0" E | 23 81
Afar Kelati Buri N 09 28.691, E 8 53
04015.993,
Altitude 726mt
Buri N 09 29.866 E 040 5 19
18.549, Altitude
731mt
Kusra N 09 32.421, E 040 8 24

23.441, Altitude
700mt

None of the miracidia analyzed exhibited the COX1 and ITS2 profile characteristic of S.

mansoni or S. bovis, suggesting that these species were absent within the sample. Instead, all

miracidia displayed the COX1 and ITS2 profile specific to S. haematobium (Fig. 5&6),

indicating that the entire sample was composed exclusively of this species and the absence of

mixed infection.

Figure 5: Mithochondrial COX1 gel image; molecular weight marker (L) Positive control of S.

haematobium (PC), Negative control (NC), S. haematobium (120 bp).
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Figure 6: Nuclear ITS2 gel image; 100bp molecular weight marker (L), Positive control (PC),

Negative control (NC), S. haematobium (505bp).

5.3. Characteristics of study participants involved in PSAC prevalence study

A total of 390 PSAC provided urine samples, and 390 mothers participated in interviews,
resulting in a 2% non-response rate. The mean (standard deviation, SD) age of the PSAC was 3.8
(1.2) and this study included 209 (53.3) male and 181 (46.4) female PSAC. The majority of
mothers/caregivers were non-educated (67.9%), housewives (53.3%), and used freshwater for

bathing and washing clothes (97.2%) (Table 6).

Table 6: Characteristics of the study participants involved in PSAC prevalence study, Abobo

district, Gambella

Variables Categories Frequency Percent
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Age of PSAC inyears | 1 11 2.8
2 54 13.8
3 74 19.0
4 105 26.9
5 146 374
Sex of PSAC Male 209 53.6
Female 181 46.4
Villages/residence Abaro 137 35.1
Mender 17 119 30.5
Wankak 91 23.3
Tagni 43 11.0
Marital status of Married 383 98.2
parents Single 4 1.0
Window 2 05
Divorced 1 0.3
Parents education No formal education | 265 67.9
Primary 70 17.9
Secondary 38 9.7
Higher education 17 4.3
Parents occupation Farmer 137 35.3
Housewife 208 53.5
Employed 24 6.2
Merchants 21 54
Presence of toilet at Yes 243 62.3
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Home No 147 37.7

Washing and bathing in | Yes 379 97.2

open water No 11 2.8

5.4. Prevalence and intensity of S. haematobium infection

The overall prevalence of S. haematobium infection, macro and microhaematuria was 16.7%,
7.9%, and 26.2%, respectively (Table 7). Microscopic prevalence was varied among the study
villages with high prevalence shown in Abaro (27.7%; 38/137) followed by Tagni village
(20.9%; 9/43) (Table 8). Of those S.haematobium infected, 32.3% (21/65) exhibited
macrohaematuria, while 73.8% (48/65) presented with microhaematuria. A significant

association (P =0.000) was observed between the infection and haematuria.

Table 7: Prevalence of S. haematobium infection determined by macrohaematuria,

microhaematuria and urine filtration among preschool children, Gambella, Ethiopia, 2024

Prevalence N/% 95 % CI
S. haematobium infection by | 65 (16.7) 13.1-20.3
microscopy

Microhaematuria 102 (26.2) 21.8-30.8
Macroheamaturia 31(7.9) 5.4-105
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Of the 65 PSAC who were positive for S. haematobium infection, 52 (80%) had light-intensity
infection (< 50 egg counts/10 ml of urine) and 13 (20%) had heavy-intensity infections (> 50 egg
counts/10 ml of urine). The heavy intensity of infection was higher among females (69.2%; 9/13)
and among five years old (46.2%; 6/13) (both genders combined). Moreover, the intensity of
infection was higher among PSAC who lived in Abaro village than those in Mender 16, Tagni

and Wankak villages (Fig.7).
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Figure 7: Prevalence and intensity of S. haematobium infection by study sites, Abobo, Gambella,

2024.

The mean (SD ) count of eggs (MCE) per 10 ml of urine was 5.64 (34.04) and ranged from 1 to

504. The MEC was significantly greater among PSAC with parent who had no formal education
(P = 0.004) than those with parents who had formal education. Additionally, MEC was higher
among PSAC who had visited (P < 0.000), played and bathed (P= 0.005) and urinated (P=
0.002) in freshwater, compared to those who did not engage in open water-related risky activities

(Table 8).
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Table 8: Mean egg count and associated factors in Abobo district, Gambella, Ethiopia (2024)

Variables Categories | Mean | 95% CI | P —value
€gg
Count
Age in years 0.825°
1 0.6 0.0-1.7
2 3.2 0.2-7.1
3 29 0.4-74
4 4.6 0.9-9.6
5 9.1 2.3-19.0
Sex 0.561°
Male 2.5 1.3-39

Female 9.3 3.4-16.8

Kebeles 0.000?

Abaro 10.5 4.4-20.7

Mender 17| 3.9 0.3-10.3

Tagni 6.5 1.5-12.8

Wankak | 0.1 0.0-0.2

Mothers/caregivers education status 0.004"

Formal 0.6 0.2-14

education

No formal | 8.0 3.8-13.9

education

Presence of latrine at home 0.000°
No 11.0 5.0-20.0
Yes 24 0.4-5.8
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Mothers taking the child when going to open water

0.000°%

Yes 10.5 4.8-19.7
Always
Yes 3.5 0.4-8.7
sometimes
No 13 0.0-39
PSAC playing and bathing in open water 0.005°
Yes 74 2.8-13.0
Always
Yes 35 0.4-8.7
sometimes
No 13 0.0-39
PSAC urinating in the water 0.002°
Yes 7.2 34-12.2
No 13 0.1-3.8
Source of water for bathing the PSAC at home 0.000°%
open water | 9.0 3.5-15.7
open and 10.7 3.0-24.5
pump
Safe water | 2.2 0.3-5.6
Habit of boiling water for bathing the child 0.766"
Yes 0.6 0.0-1.5
sometimes
No 5.8 2.9-98
Mother/caregiver place of urination while in open water 0.028"
Source
Open field | 6.1 3.3-9.1
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Toilet at 0.0 0.0-0.1

Home

¢ Kruskal-Wallis test

® Whitney U Test

5.5. Risk factors associated with S. haematobium infection in Abobo district

Open water contact and sanitation practices of the mothers/caregivers and PSAC were among the
possible risk factors identified. In this study, 74.9% of PSACs frequently visited open water,
while 74.1% played or bathed in it, and the same percentage urinated in open water. Only 55.9%
of mothers or caregivers consistently used safe water to wash their children at home, while 91.8

% reported urinating in an open field near water sources.

In the univariate analysis, villages, absence of toilet at home, PSAC visiting the freshwater
bodies, bathing/playing and urinating by water and bath by open water at home, and education
status of the mother/caregiver were among the variables that were significantly associated with

the prevalence of S. haematobium infection (Table 9).

After entering those chosen variables (p < 0.25) into the multivariable logistic regression model,
to control confounding variables, residence (AOR = 3.7, 95% CI: 1.1 — 12.4) was significant

explanatory risk factor for S. haematobium infection.

The young children who bathed and played in open water were 89% more likely to have S.
haematobium parasites as compared with PSAC that did not get into the water. PSAC living in
Abaro village were four times more likely to be infected by the parasite compared to those living in

Wankak village, with a P-value of 0.005 (Table 9).
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Table 9: S. haematobium infection and associated factors in Abobo District, Gambella

Variables Catagories|S. haematobiunj COR (95% | P- AOR P*-
infection ClI) value | (95%CI) value
Age (years)
1 18.2 (2/11) Ref
2 16.7 (9/54) 0.9 (0.2-4.9) 0.903
3 13.5(10/74) | 0.7 (0.1-3.7) 0.679
4 15.2 (16/105) | 0.8 (0.2-4.1) 0.798
5 19.2 (28/146) | 1.1 (0.2-5.2) 0.935
Sex
Male 15.8 (33/209) | 0.9 (0.5-1.5) 0.618
Female 17.7 (32/181) | Ref
Villages
Abaro 27.7 (38/137) | 6.6 (2.5-17.5) | 0.000 | 4.3 (1.6- 0.005
* 1.9)
Mender 10.9 (13/119) | 2.1 (0.7-6.2) 0.172
17
Teigni 20.9 (9/43) 45 (1.4-14.6) |0.011
Wankak 5.5 (5/91) Ref
Mothers/caregivers
education status
Formal 9.6 (12/125) | 0.4 (0.2-0.8) * | 0.006
education
No formal | 20 (53/265) Ref
education
Presence of toilet at
home
No 27.2 (40/147) | 3.3(1.9-5.7)* | 0.000
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Yes 10.3 (25/243) | Ref

mothers taking the

child when going to

open water
Yes 27.2 (41/151) |5.7(2.3-14.1) * | 0.000
always
Yes 12.8(18/141) | 2.2(0.9-5.9) 0.100
sometimes
No 6.1 (6/98) Ref

PSAC playing and

bathing in open

water
Yes 18.1(27/149) |3.0(1.2-7.1)* |0.015 | 2.9 (1.0- 0.041
always 1)
Yes 22.1(31/140) |3.8(1.6-9.1)* |0.002 | 2.6 (1.1- 0.037
sometimes .5)
No 6.9 (7/101) Ref

PSAC urinating in

the water
Yes 20.1 (58/289) | 3.4 (1.5-7.7)* | 0.004
No 6.9 (7/101) Ref

Source of water for

bathing the PSAC

at home
open 22.4 (17/76) 2.6 (1.3-5.2)* | 0.011
water
openand | 27.1(26/96) |3.3(1.8-6.2)* | 0.001
pump
Safe water | 10.1 (22/218) | Ref

Habit of boiling

water for bathing
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the child

Yes 14.3 (2/14) 1.8 (0.2-3.8) 0.808
sometimes
No 16.8 (63/376) | Ref

Mother/caregiver
place of urination
while in open water

source

Open field | 17.9 (64/358) | 6.7 (0.9-50.3) | 0.063

Toilet at 3.1(1/32) Ref

home

* Significance in the final model was set and reported at p* < 0.05
AOR, adjusted odds ratio; COR, crude odds ratio

5.6. Socio-demographic characteristics of study participants in Kurmuk district,

Benishangul-Gumz Regional State, Ethiopia

A total of 403 participants older than 5 years were included in the study. Of these, 296 (73.4%)
were males and 107 (26.6%) were females. The majority of them were Berta by ethnicity (71.7)
followed by Amhara (13.6%) and Oromo (10.2%). Also, most of the participants were students

(62.3%) (Table 9).

5.7. Prevalence and risk factors of S. haematobium infection in Kurmuk District,

Benishangul-Gumz Regional State, Ethiopia

The overall prevalence of S. haematobium infection, as determined by the urine filtration
technique was 34.2% (138 out of 403 samples). Infection rates varied across villages, with the
highest prevalence in DulShatalo at 43% (COR = 1.95, 95% CI: 1.06-3.59) and the lowest in

Kurmuk at 27.8%.
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In the univariate analysis, the age group 5-12 years had the highest prevalence of 45.4% (COR =
4.16, 95% CI. 1.36-12.67), followed by the 13-20 years age group (COR = 3.23, 95% CI:
1.01-10.35). Students and those who swam or played and washed clothes in open water had a

higher chance of infection.

In multivariable analysis, when adjusting for confounding factors, swimming in open water
remained significantly associated with infection, with an AOR of 2.43 (95% CI: 1.19-4.94).
However, while washing clothes in open water showed a significant association in the bivariate
analysis (COR=1.95, 95% CI. 1.07-3.56), this association became non-significant in the

multivariable model (AOR = 1.05, 95% CI: 0.51-2.17) (Table 10).

These findings showed that swimming in open water is a key factor contributing to S.

haematobium infection in the study population.

Table 10: Prevalence and risk factors of S. haematobium infection in Kurmuk District, Ethiopia:

Univariate and multivariable analysis

Variables Participants Positive| COR (1C95%) | AOR P —values
(1C95%)
403 138
(34.2%)
Sex Female 107 40 1.21(0.76-1.91) | 1.48 (0. 89- 0.211
(37.4%) 2.46)
Male 296 98 Reference Reference
(33.1%)
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Age (yrs) 5-12 174 79 4.16 (1.36- 1.07 (0.59- 0.607
(45.4%) 12.67) * 1.94)
13-20 79 31 3.23 (1.01- 0.59 (0.24- 0.638
(39.2%) 10.35) * 1.46)
21-28 72 13 1.10 (0. 32-3.77)| 0.81 (0.27- 0.635
(18.3%) 2.39)
29-36 36 8 1.43 (0. 38-5.40)| 0.44 (0. 10-
(22.2%) 1.85) 0.875
37-44 18 3 1.00 (0. 19-5.15)| 0.56 (0.16- 0.798
(16.7%) 1.97)
>45 24 4 Reference Reference
(16.7%)
Villages Ogendu 87 26 1.10(0.56-2.16) | 1.02 (0. .49- | 0.882
(29.9%) 2.10)
Belehu-j 116 38 1.26 (0.68-2.36) | 1.20 (0. .61- | 0.534
(32.8%) 2.38)
DulShatalo | 121 52 1.95(1.06-3.59) | 1.84 (0.96- 0.051
(43%) |* 3.52)
Kurmuk 79 22 Reference Reference
(27.8%)
Occupation | Student 251 110 11.7 (1.52- 6.63 (0.75- 0.063
(43.8%) 89.96) * 58.84)
Farmer 71 10 2.46 (0.29- 2.24 (0.25- 0.390
(14.1%) 20.73) 20.01)
Daily 25 9 8.44 (0. 95- 6.41 (0.71- 0.067
laborer (36.0%) | 74.85) 57.84)
Merchant | 22 5 4.41 (0. 46- 3.23(0.32- 0.204
(22.7%) | 42.13) 32.38)
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Unemployed 18 3 3.00 (0. 28- 1.99(0.17- 0.470
(16.7%)| 32.21) 22.98)
Employed | 16 1 Reference Reference
(6.3%)
Swimming Yes 247 110 3.67 (2.27-5.93) | 2.43 (1.19- 0.023
445%)| 4.94) *
No 156 28 Reference Reference
(17.9%)
Washing Yes 333 122 1.05 (0.51- 0.858
1.95 (1.07-3.56)
clothes (36.6%) | » 2.17)
No 70 16 Reference Reference
(22.9%)

COR: Crude Odds Ratio; AOR: Adjusted Odds Ratio; Cl: Confidence Interval. * Significant

association

5.8. Intensity of S. haematobium infection in Kurmuk

The study on the intensity of S. haematobium infection revealed significant findings across
different demographic and behavioral factors. The mean egg count (MEC) recorded for the study
participants was 7.33 (95% CI: 4.35-10.31), with a standard deviation (SD) of 30.45 in 10 ml of
urine. Out of 138 participants infected with S. haematobium, 89.1% displayed a light infection,
while only 10.9% exhibited a heavy infection. The number of eggs found per 10 ml of urine
varied from a minimum of 1 to a maximum of 500. Participants who swam had a higher heavy

infection rate (P < .005) than those without swimming habits, who recorded zero of heavy

infection (>50 egg/ml).
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A statistically significant difference in MEC was observed between villages (P = .028), ranging
from 2.39 CI; 1.05 to 3.72 in Ogendu village to 14.1 CI: 4.98 to 23.12 in Dulshatalo village.
When categorized by age group, the highest MEC was noted in the 5-to-12-years age group,

followed by the 13-to-20-years group (P < .001).

Furthermore, the mean egg count varied significantly based on occupation, swimming, and
washing habits. In contrast, the MEC and intensity levels were similar for females, averaging
9.98 (CI: 0.38-19.59), and males, averaging 6.38 (Cl: 4.21-8.54), as summarized in Table 3 of

paper 1 (annex 4).

5.9. Prevalence of haematuria and its associations with demographic factors and

water contact behaviors

The prevalence of microhematuria, as detected by dipstick testing, was 38.5% in males and 41.1%
in females. The highest rates were in the 13-20 years age group (48.1%) and among students
(45.0%), with Dulshatalo village having the highest prevalence (56.2%). Infection was more

common in those who swam in open water (46.2%) than in those who did not (28.2%).

Sex, age, and occupation were not significantly associated with infection prevalence. However,
residents of Dulshatalo had higher odds of infection than those in Kurmuk (COR = 2.34, 95% ClI:

1.304.19; AOR = 2.64, 95% CI: 1.43-4.87).

Swimming in open water was significantly associated with higher odds of haematuria (COR =
2.18, 95% ClI: 1.42-3.35; AOR = 2.79, 95% CI: 1.43-5.45), even after adjusting for confounders.
However, washing clothes in open water showed no significant association with haematuria

prevalence (COR = 1.04, 95% CI: 0.61-1.75; AOR = 0.61, 95% CI: 0.32-1.17) (Table 11).
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Table 11: Prevalence of microhaematuria and its association with demographic characteristics and

water contact practices among participants in Kurmuk District, Ethiopia

Variables Prevalence | COR (95CI) AOR (95%CI | p-value
(N\%)

Sex Female 44 (41.1) 1.2 (0.76-1.91) 1.4 (0.8-2.4) 0.919
Male 114 (38.5) Reference Reference

Age Group 5-12 74 (42.5) 1.48 (0.60-3.64) | 0.56 (0.19-1.67) | 0.030

(Years) 13-20 38 (48.1) 1.85(0.71-4.83) | 1.00 (0.35-2.86) | 0.196
21-28 21 (29.2) 0.82(0.31-2.22) | 0.78(0.28-2.19) | 0.358
29-36 11 (30.6) 0.88(0.29-2.66) | 1.07 (0.34-3.41) | 0.786
3744 6 (33.3) 1.00 (0.27-3.66) | 0.87 (0.22-3.48) | 0.814
>45 8 (33.3) Reference Reference

Villages Ogendu 30 (34.5) 0.96 (0.50-1.81) | 0.99(0.51-1.92) | .985
Belehu-j 32 (27.6) 0.69(0.38-1.28) | 0.68(0.36-1.31) | .223
DulShatalo 68 (56.2) 2.34(01.30-4.19) *| 2.64(1.43-4.87) | .005

*

Kurmuk 28 (35.4) Reference Reference

Occupation Student 113 (45.0) | 1.80(0.61-5.34) | 1.87(0.51-6.92) | 0.108
Farmer 19 (26.8) 0.80(0.25-2.62) | 0.61(0.17-2.19) | 0.773
Daily laborer | 11 (44.0) 1.73(0.46-6.47) | 1.34(0.35-5.15) | 0.252
Merchant 5(22.7) 0.65 (0.15-2.77) | 0.52(0.11-2.40) | 0.950
Unemployed | 5 (27.8) 0.85(0.19-3.71) | 0.59(0.12-2.94) | 0.950
Employed 5(31.3) Reference Reference

Swimming Yes 114 (46.2) | 2.18(1.42-3.35) *| 2.79 (1.43-5.45) | 0.001

*
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No 44 (28.2) Reference Reference
\Washing clothes |Yes 131 (39.3) 1.039 (0.61-1.75) (0.61 (0.32-1.17) [0.267
No 27 (38.6) Reference Reference

5.10. Prevalence of microhematuria and diagnostic agreement between microscope

and urine reagent strip

Among the 403 participants tested, the prevalence of microhematuria detected by the dipstick test

was 39.2% (158/403). In microscopy-negative samples, 18.9% (50/265) tested positive for

hematuria by dipstick, while 76.4% (94/123) of those with light infection and 93.3% (14/15) of

those with heavy infection were positive for hematuria.

There was a significant association between hematuria and the presence of schistosome eggs in

urine (P <0.001). Of the participants with detectable S. haematobium eggs in their urine, 108

showed hematuria, resulting in a positive predictive value of 68.4%, with a sensitivity of 78.3%

and a specificity of 81.1%. The agreement between dipstick and microscopy diagnosing was

moderate, with a Kappa value of 0.57 (Landis and Koch, 1977) (Tablel2).

Table 12: Association between hematuria and Schistosoma haematobium infection among

participants in Kurmuk District, Ethiopia

Microscope Dipstick result

Result Positive Negative Total
Negative 50 (18.9%) 215 (81.1%) 265
1-49egg/10ml | 94 (76.4%) 29 (23.6%) 123
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>50egg/10ml

14 (93.3%)

1 (6.7%)

15

Total

158 (39.2%)

245 (60.8%)

403

5.11. Characteristics of study participants involved in the KAP study in Abobo

district, Gambella

A total of 403 participants were enrolled in the study, with 308 (76.4%) males and 95 (23.6%)
females. Most participants were between 21 and 30 years (43.7%), and the average age was 35.1
years (SD = 11.88), with a median age of 32.0. The survey was conducted through household
interviews, mainly targeting household heads, resulting in higher male participation. A significant
proportion of participants were farmers (44.2%), followed by government/private employees

(33.7%). Atotal of 239 participants (59.3%) had attended school at various levels, including

primary (23.8%), secondary (28.5%), and college/university (60.3%).

Regarding housing conditions, most participants (73.9%) lived in homes with tin roofs, cement
walls, and cement floors, while 23.6% lived with thatched roofs, mud walls, and floors. Most
participants (93.3%) had access to toilets, with 77.1% using private toilets and 22.9% relying on

public toilets. Nearly all participants (93.5%) used public hand pumps for drinking water, while

the remaining 6.5% depended on open water sources. Additionally, over half of the households

reported a history of UGS affecting at least one household member (Table 13).

Table 13: Socio-demographic and environmental characteristics of participants in Abobo District,

Ethiopia
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Variables Categories N (%)
Age (Year) 12-20 12 (3.0)
21-30 176 (43.7)
31-40 127 (31.5)
41-50 63 (15.6)
51-60 13 (3.2)
> 60 12 (3.0)
Sex Female 95 (23.6)
Male 308 (76.4)
Education level
Iliterate 164 (40.6)
Primary level 57 (14.1)
Secondary level 68 (16.9)
College /university 114 (28.3)
Occupation Farmer 178 (44.2)
Merchant 15 (3.7)
Daily laborer 43 (10.7)
Employee 136 (33.7)
Housewives 18 (4.5)
Other 13 (3.1)
Drinking water source pump water 377 (93.5)
open water 28 (6.5)
Housing conditions Grass roof, mud wall, and floor 95 (23.6)
Tin roof, cement wall, and floor 298 (73.9)
Other 10 (2.5)
presence and use of toilet Private toilet 290 (77.1)
Public/communal toilet 86 (22.9)
Nearby /dam /river/bush/ open field | 31(7.7)
History of UGS Yes 302 (74.9)
No 101 (25.1)
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5.12. Knowledge, attitudes, and practices on UGS (Abobo district, Gambella)

Awareness of UGS

Out of 403 participants, the majority of respondents (90.6%) had heard of UGS, with health
institutions being the primary source of information (52.1%), followed by family (16.2%) and

friends (15.3%) (Table 14).
Knowledge of symptoms

Most participants (96%) mentioned at least one symptom of UGS. The crucial symptom
mentioned by the participants is bloody urine (81.9%), while fewer participants identified
difficulty or burning sensation during urination (13.2%). A small proportion (1.1%) was unaware

of the symptoms (Table 14).
Knowledge of transmission routes

Regarding the transmission pathways, only 107(28.7%) respondents knew skin penetration as a
means of infection. Over half of the participants, 59.6%, pointed out drinking unclean water as a
source of infection, and 8.6% thought other routes were involved. The awareness of transmission
through various water contact activities, such as swimming (33.4%), bathing (42.5%), and
washing clothes (9.6%), indicated some understanding of the risk associated with open water
contact. However, only 0.3% of participants knew that all forms of infested water contact

practice were a source of infection (Table 14).
Knowledge of intermediate host

Over half of the participants (54.0%) did not know intermediate host involvement in the infectious
process. Among those who were aware, 19.5% correctly identified the snail, while fewer

mentioned mosquitoes (18.6%) and houseflies (8.5%) (Table 14).
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Knowledge of treatment and prevention

Over 97% of participants believed that UGS is treatable, with 84.2% identifying modern medicine
(seeking treatment at a health facility) as the primary method. However, only two participants
mentioned MDA as a preventive strategy. Regarding prevention, 92.6% believed UGS is
preventable, with the most commonly mentioned prevention measure being treatment (32.9%),
followed by avoiding open water contact (26.8%). However, 5.2% of respondents had

misconceptions about prevention methods (Table 14).

School-based MDA awareness and participation

Regarding community-level interventions, over 81% of participants had heard of school-based

MDA programs, and 66.5% reported that children in their households participated (Table 14).

Table 14: Participants' knowledge of UGS symptoms, transmission, prevention, and control

measures
Knowledge area Response Number
(%)

Have you ever heard about bilharzia? Yes 365 (90.6)
No 38 (9.4)

From where have you heard Media (TV/radio/magazine) 25 (6.8)
Friends 56 (15.3)
School 41 (11.2)
Family 59 (16.2)
Health institution 190 (52.1)
Other 1(0.3)

Symptoms ® Bloody urine 298 (81.6)
Stomach pain 17 (4.7)
Burning/difficulty in 48 (13.2)
Urination
Other symptoms 7(2.0)
| don‘t know 4(1.1)

Transmission Route * Skin penetration 108 (26.8)
Drinking contaminated water | 222 (59.5)
Other ® 32 (8.6)
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| don‘t know 12 (3.2)
What practices involving open water contact are UGS Washing clothes 35 (9.6)
transmission routes Crossing the river barefoot 90 (22.3)
Swimming 122 (33.4)
Bathing 155 (42.5)
Any open water contact 11 (3.0)
I don‘t know 3(0.8)
Others® 9 (2.4)
Vector/intermediate host Mosquitoes 68 (18.6)
House fly 31 (8.5)
Snail 71 (19.5)
| don‘t know 197 (54.0)
UGS is treatable Yes 355 (97.3)
No 10 (2.7)
Ways of treatment *(N355) Traditional 18 (4.6)
medicine/treatment
modern medicine 325 (84.2)
Buying drugs from a 42 (10.9)
Pharmacy
Other 1(0.3)
UGS is preventable Yes 338 (92.6)
No 27 (7.4)
Means of prevention?® (N338) Getting treatment 120 (32.9)
Health education 32 (8.8)
Hygiene 58 (15.9)
Avoid contact /use of open 99 (26.8)
Water
Misconception 19 (5.2)
Heard about school-based MDA (N403) Yes 327 (81.1)
No 38 (18.9)
Children participate/take drugs from the MDA program Yes 268 (66.5)
(N403) No 97 (33.5)

Other  Ingestion of spoiled food, Contaminated soil and Unhygienic hand

Other ° drinking dam/river water and nothing
# more than one answer is possible

5.13. Participants attitudes and practices towards UGS

Nearly two-thirds of the participants (64.7%) believed UGS could be fatal. Less than half (45.7%)

correctly identified and agreed that urinating in open fields or near open water is a key

transmission route.
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While a significant portion, (31.2%) did not believe this was a valid transmission method.

In terms of risky practices, most participants (92.3%) reported using toilets for defecation and

urination, but 7.7% still practiced open defecation nearby dams, rivers, bushes, or open fields.

Regarding swimming, 32.9% of participants swam regularly in river or dam water, while a small

proportion (13.9%) never swam in open water. Many participants also used dam water for

washing clothes (52.1%) and bathing (36.5%).

Regarding health-seeking behaviors, most participants (86.0%) with a history of UGS preferred

modern medicine as their treatment method, 12.8% bought medicine from a pharmacy, and 1.5%

used traditional medicine (Table 15).

Table 15: Attitudes, risky practices, and health-seeking behaviors related to UGS

Variables Frequency | Percent
UGS could kill (N=365)

Yes 236 64.7
No 60 16.4
I don‘t know 69 18.9
Urinating in an open field or near open water is a means of transmission

(N=365)

Yes 184 45.7
No 114 31.2
I don‘t know 69 18.9
Risky practices (N 403)

Frequently used means of defecation/urination (N403) ®

Toilet 376 92.3

85



Nearby, dam/river/ bush/ open field 31 7.7

Swimming habit in a river/dam water

Yes always 114 329
Yes sometimes 233 67.1
No 56 13.9

Use of dam water ?

Bathing 147 36.5
Swimming 64 15.9
Washing clothes 210 52.1

Health-seeking practice

Treatment preference among respondents who have a history of infection (N264)

Traditional medicine 4 15
Modern medicine 227 86.0
Buying medicine from a pharmacy 34 12.8
Other 2 0.8

2 more than one answer is

possible N number of respondents

5.14. Level of knowledge, attitude and risky practice

The mean score for knowledge was 8.19 out of 24 points, or 34.1% level of knowledge, with a
minimum score of 4 and a maximum score of 15. The most frequent score (mode) was 9. The
attitude mean score was 1.04 out of 2 points. The mean score on risky practice was 1.97 out of 5
points. Of the 403 individuals, 324 (80.4%) were involved in at least 2 risky practices (ie,

mode =2).
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5.15. Assocation between participants’ KAP on UGS with sex and age

Univariate analysis result: Male participants were more likely to be informed about UGS (P =
0.046) and less likely to engage in indiscriminate urination or defecation (COR: 0.5, Cl: 0.2-0.9).
However, males were also more inclined to swim or play in open water (COR: 2.4, CI: 1.3-4.4)
and less likely to recognize that all forms of open water contact, such as washing, swimming,
bathing, and crossing the river barefoot, could lead to contracting the disease (COR: 0.2, CI: 0.1-
0.8). Regarding age, participants aged over 40 years were more likely to identify snails as
intermediate hosts (COR: 2.5, CI: 1.4-4.4) but less likely to consider UGS a fatal disease (COR:

0.5, CI: 0.3-0.9) compared to those aged 40 years or younger.

Multivariable analysis results: The multivariable analysis adjusted for occupation status,
education, and history of UGS revealed several significant associations. Older participants (aged
>40 years) were more likely to recognize snails as intermediate hosts and less likely to believe
that SCH is a deadly disease, with an AOR of 0.5 (95% CI: 0.3-1.0; p=0.043). compared to
younger participants (AOR=2.3, 95% CI: 1.3-4.2; p=0.007). On the other hand, being male (sex)
continued to be the key predictor for lack of understanding about the risks associated with unsafe
cercariae infested water contact as a means of contracting biliharzia (P <0 .05). Association of

participants KAP about UGS to sex and age is shown in Table 4 of paper 2 (annex 5).

5.16. Association of participant’s KAP about UGS with their education and
occupation status

Univariate Analysis: In terms of awareness, both educated (90.5%) and non-educated (90.7%)

participants had high recognition of bilharzia, with no significant difference (p = 0.461).

However, working individuals (farmers, merchants, daily laborer and employees) were three

times more informed about schistosomiasis (COR: 3.8, CI: 1.4-10.4) and mass drug
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administration (MDA) programs (COR: 3.0, CI: 1.2-7.2) compared to non-working individuals.

Knowledge of symptoms varied by education and occupation. Educated participants were
significantly more likely to recognize painful urination as a symptom of UGS (COR: 3.8, CI:

1.7-8.3), while working individuals were more likely to know hematuria as a symptom (COR:

2.8, ClI: 1.2-6.5). Regarding transmission routes, educated participants had a greater likelihood
of identifying swimming or playing in open water as an exposure factor (COR: 2.1, Cl: 1.3-3.4)
and were more likely to recognize urinating in open fields or near open water as a source of

transmission (COR: 2.7, CI: 1.6-4.6).

Regarding prevention, educated participants had a significantly higher likelihood of recognizing
getting treatment (COR: 1.7, Cl: 1.1-2.6) and valuing health education (COR: 3.1, Cl: 1.3-7.7) as
preventive measures. Occupation status also played a role, as working individuals were

significantly more likely to perceive UGS as a potentially fatal disease (p < 0.05).

Risky practices differed significantly across groups. Educated participants were less likely to use
dam water for washing clothes (COR: 0.6, ClI: 0.4-0.9). Working individuals were significantly
less likely to engage in open defecation or urination (COR: 0.2, Cl: 0.1-0.4) compared to non-

working participants (Table 5, paper 2 (Annex5).

Multivariable analysis: After adjusting for cofounders, several associations remained
significant. Educated participants continued to have greater awareness of symptoms, with
significantly higher odds of recognizing burning or painful urination (AOR = 3.8, 95% CI: 1.6—
8.8, p = 0.002). Similarly, they were more likely to identify swimming or playing in open water
as a transmission route (AOR = 2.1, 95% CI. 1.3-3.6, p = 0.002) and acknowledge the
importance of treatment (AOR = 2.1, 95% CI: 1.3-3.4, p = 0.004) and health education (AOR =

3.1, 95% CI: 1.2-8.3, p = 0.023) in UGS prevention.
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For practices, non-working individuals remained significantly more likely to practice open

defecation compared to working individuals (AOR = 0.2, 95% CI: 0.1-0.7, p = 0.012). Education

status influenced water use behaviors, with non-educated participants more likely to use dam

water for washing clothes (AOR = 0.6, 95% CI: 0.4-0.9, p = 0.016).

Regarding attitudes, working individuals were significantly more likely to perceive UGS as a
deadly disease (AOR = 0.2, 95% CI: 0.1-0.7, p = 0.007). Educated participants had higher odds
of perceiving urinating in open fields as a transmission route (AOR = 3.2, 95% CI: 1.8-5.8, p =
0.000). KAP's association with education and occupation status is shown in Table 5 of paper 2

(Annex 5).

5.17. Association of participant’s KAP about UGS with a history of infection

Univariate logistic regression analysis

Participants with a history of UGS demonstrated a significantly higher likelihood of being
knowledgeable about bilharzia and its control measures than those without prior infection.
Specifically, individuals with past UGS were more aware of the disease (COR: 5.5, CI: 2.7-11.6)
and MDA programs (COR: 3.6, Cl: 2.1-6.0). Additionally, they exhibited greater awareness of
hematuria as a symptom of UGS (COR: 2.4, Cl: 1.5-3.8) and recognized the role of snails in
disease transmission (COR: 2.2, Cl: 1.2-4.1). Their understanding of preventive measures was
also better, as they were more likely to acknowledge the importance of avoiding unsafe water

sources (COR: 1.6, ClI: 1.0-2.6).

Despite their higher awareness of the disease, participants with a history of UGS were
paradoxically less likely to agree that urinating in open water contributes to the spread of the

disease. Furthermore, they had a significantly higher tendency to engage in risky behaviors, such
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as swimming or playing in open water (COR: 6.3, Cl: 3.4-11.7). This suggests that while

previous infection may enhance knowledge, it does not necessarily translate into safer practices,

highlighting potential gaps in behavioral change interventions.

Multivariate logistic regression analysis confirmed that past infection history remained a
significant predictor of bilharzia-related knowledge and behaviors even after adjusting for
potential confounders (p < 0.05). Participants who had previously contracted UGS were likely to
have heard about the disease (AOR: 3.6, Cl: 1.6-8.0) and MDA (AOR: 2.4, Cl: 1.4-4.2). They
also had increased odds of identifying hematuria as a key symptom (AOR: 1.8, CI: 1.0-3.0) and
acknowledging the importance of avoiding unsafe water sources as a preventive strategy
(AOR:1.9, CI: 1.0-3.3). Participants' KAP regarding UGS in association with their history of the

disease is shown in Table 6 paper 2 (Annex 5).
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Chapter 6: Discussion

6.1. Summary and interpretation of major findings

The key findings of this study in study areas include the following: (1) All miracidia analyzed
showed mitochondrial cox1 gene profiles specific to S.haematobium; (2) In addition, nuclear
ITS2 data from miracidia confirmed the exclusive presence of S. haematobium group; (2) A high
prevalence and intensity of S. haematobium infection among PSAC, with maternal practices such
as taking children to open water sources and engaging in unhygienic activities significantly
contributed to the risk of infection; (3) A high general awareness of UGS and MDA programs
within the community, but the level of understanding regarding the disease's transmission,
prevention, and control measures is inadequate and with continued risky behaviors. Education,
gender, age, occupation, and infection history, influenced KAP outcomes, highlighting the need
for targeted health education; (4) S. haematobium remains highly prevalent in Kurmuk
district, particularly in DulShatalo village, with children /adolescents being the most affected
groups and swimming\playing being significant risk factor. Targeted interventions focusing on
reducing water contact and improving sanitation could control transmission; (5) Diagnostic

agreement between microscopic examination and urine dipstick test results.

6.2. Genetic profile of Shistosoma miracidia

Schistosoma miracidium was characterized, first using the mitochondrial marker (Cox1), which
is haploid and inherited from the mother and then using the nuclear marker (ITS2), which is
diploid and bi-parentally inherited (Huyse et al., 2009; Boissier et al., 2016). All miracidia
exhibited a genetic profile specific to S.haematobium without any Sh x Sb or Sh x Sm mixed

infection.
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The absence of mixed infections in this study may reflect true biological dominance of
S.haematobium in Afar and Gambella region and may also reflect ecological or host-specific
factors that restrict the co-occurrence or cross-breeding of S. haematobium with other
Schistosoma species (Huyse et al., 2009; Webster et al., 2012; Mathieu-Benge et al., 2024). In
addition , the absence of mixed infections using species-specific singleplex PCR assays suggests
a low likelihood of hybridization within the sampled population (Webster et al., 2012; Angora et
al., 2020) and aligns with the geographic and epidemiological context of study regions, where

coinfection and hybridization events between these species have not been documented.

In contrast to our findings, studies from several African countries, based on mitochondrial-
nuclear markers, have reported that hybridization between Schistosoma species is relatively
common in natural populations (Cunin et al., 2003; Huyse et al., 2013; Angora et al., 2020; Fall

et al., 2021; Onyekwere et al., 2022; Teukeng et al., 2022).

However, whole genomic studies indicate that contemporary hybridization is rare or absent in
natural populations. Berger et al. (2022) investigated S. bovis and S. curassoni in Senegal and
found that hybridization between these species and S. haematobium was constrained by strong
prezygotic barriers, particularly the limited geographical and host overlap. Similarly, Platt et al.
(2019) analyzed 96 miracidia from Niger and Zanzibar and found no evidence of contemporary
hybrids, but showed 3.3-8.2% Nigerien S. haematobium retained S. bovis ancestry from an
ancient introgression event (~108-613 generations ago). Thus according, to Platt et al., 2019,
hybridization occurred historically but is not ongoing. This shift in understanding highlights the
importance of whole-genome sequencing over marker approaches, to exclude the possibility of

backcrosssed hybrids or introgression events (Platt et al., 2019; Berger et al., 2022).
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In conclusion, this study emphasizes the need for ongoing genomic surveillance to monitor the
genetic structure and evolutionary dynamics of Schistosoma populations in Ethiopia. Although
environmental modifications like dam construction and irrigation expansion (Steinmann et al.,
2006; Erko et al., 2013; Alemayehu et al., 2015; Aula et al., 2021), along with shifts in human
and livestock movements (Patz et al., 2019), are expected to increase the risk of co-infections,
our findings suggest that such dynamics may be localized or have not yet significantly impacted
the studied area. Advanced genomic tools, such as whole-genome sequencing, should be
employed to detect cryptic hybridization events and to understand the factors driving genetic
isolation or admixture. Such insights will be invaluable for guiding targeted interventions and

mitigating the risks associated with UGS transmission and hybridization.

6.3. S. haematobium infection and risk factors among PSAC in Gambella, Ethiopia
Investigating the prevalence and risk factors of S. haematobium infection in PSAC is crucial for
understanding the disease burden and identifying key factors for targeted prevention and early
intervention, ultimately aiding in reducing disease transmission and long-term health issues
(Stothard et al., 2011; Osakunor et al., 2018a; Macklin et al., 2018). The overall prevalence
based on urine filtration was 16.7%, with 20% experiencing a heavy intensity of infection. The
mean infection intensity was 5.64 (SD 34.0), ranging from 0.1 to 10.5 eggs/10 ml of urine across
different study locations.

The observed prevalence of S. haematobium infection was consistent with findings from
Tanzania (16.9%) (Mushi et al., 2022) and the overall SSA pooled prevalence (15%) (Kalinda et
al., 2020). However, this prevalence was higher than that found in Malawi (10.7%) (Poole et al.,
2014) and Senegal (2.3%) (Sow et al., 2023), but lower than in Angola (37.1%) (Mediavilla et
al., 2024) and Zimbabwe (35.1%) (Mduluza-Jokonya et al., 2020).
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These differences may be influenced by variations in socio-demographic characteristics, WASH
practices, and environmental conditions, which all play a role in the spread and prevalence of

UGS.

The prevalence was notably higher in Abaro (27.7%) and Tagni (20.9%) compared to Wankak
(5.5%) and Mender 17 (10.9%). This geographic variability is likely due to proximity to water
bodies and socio-economic differences, consistent with other studies in Ethiopia among SAC

(Woldeyohannes et al., 2021).

The heavy intensity of infection (20%) found in this study was higher compared to similar
studies conducted in other African countries, such as 6.3% in Ghana (Osakunor et al., 2018b)
and 6.8% in Zimbabwe (Mutsaka-Makuvaza et al., 2019a), and significantly higher than in
Malawi, where no heavy-intensity infections were reported (Mayo et al., 2016). However, it
aligns with findings from Angola, where a 20.3% infection rate was observed (Sanchez-Marqueés
et al., 2023). The heavy infection intensity and haematuria observed indicate that this group is at
risk of morbidity (Lwambo et al., 1997). If PSAC continues to be overlooked in prevention and
control efforts, their growth and development could be compromised (Mutapi et al., 2021; Terer
et al., 2013), and the disease may worsen until they reach school age (Stothard & Gabrielli,
2007; Santos et al., 2021). Therefore, local public health authorities should implement regular
screening and treatment using current PZQ to protect children's health and limit transmission

(WHO, 2011; Coulibaly et al., 2012).

This study found no significant differences in the prevalence and intensity of infection related to
the age or gender of PSAC. This could be because PSAC in the study area have similar exposure

to infection, as their mothers or caregivers typically take them to freshwater sources.
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This aligns with previous reports (Ekpo et al., 2010a; Mushi et al., 2022), which found no
association between age or gender and infection prevalence. However, other studies have
reported significant age (Poole et al., 2014; Mayo et al., 2016; Mutsaka-Makuvaza et al., 2019a)

and gender differences (Mazigo et al., 2022).

The significant association between visiting and playing in open water and the prevalence and
intensity of infection was expected, as skin contact with cercaria-infested water is a known
transmission route and aligns with findings from other studies (Ekpo, 2012; Sacolo- Gwebu et
al., 2019a; Mushi et al., 2022). These results highlight the need for targeted education and
awareness programs for mothers to promote behavioral changes, particularly particularly
regarding the risks associated with of visiting the water bodies with their children and engaging

unhygienic practices by the waterside.

Overall, the findings show that S. haematobium infection in the Gambella area could occur very
early in life, and PSAC is particularly vulnerable to morbidity. To address this, the national
disease control initiative in Ethiopia, as WHO recommended, should, include >2 years ages
PSAC in annual PC program and testing and taking provisional measures for under-2-year-olds
to avert S. haematobium associated morbidity and downstream complications later in life

(Mutapi et al., 2011; Reinhard-Rupp& Klohe, 2017; WHO, 2022b).

6.4. Prevalence of UGS among communities in Kurmuk district, Benishangul - Gumuz
Population-based studies offer valuable insights into the patterns of SCH across different age
groups, with prevalence and infection intensity serving as indirect indicators of morbidity. This
information is crucial for shaping treatment strategies and assessing the effectiveness of mass

drug administration programs.
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In Kurmuk district, the overall prevalence of S. haematobium infection was 34.2%, with children
(45.4%) and adolescents (39.2%) exhibiting higher rates. The mean intensity of infection was
7.33 eggs/10 mL of urine (SD = 30.5), with values ranging from 2.39 to 14.1 across study sites,

reflecting the typical spatial heterogeneity of SCH.

Most S. haematobium infections in this study were categorized as light, consistent with findings
from other regions in Ethiopia (Negussu et al., 2013; Geleta et al., 2015; Degarege et al., 2015;
Deribew et al., 2022a) and neighboring Sudan (Ismail et al., 2014). The overall prevalence
observed here was higher than rates documented among SAC in other Ethiopian regions,
including Horzehab, Beshir, Kurmuk, and Amenzibeni in Benishangul-Gumuz (12.2%)
(Deribew et al., 2022a), Afdera Gode in the Somali National Regional State (16.0%) (Negussu et
al., 2013), the Middle and Lower Awash Valley (20.8%) (Degarege et al., 2015), and Amibera
District in Afar (7.4%) (Awoke et al., 2013). Conversely, it was lower than prevalence figures
reported in Gambella Regional State (35.9%) (Geleta et al., 2015) and Hassoba village in the
Afar region (47.6%) (Ayele et al., 2008) and higher than those observed elsewhere (Manz et al.,
2020) across all age groups. These variations in prevalence can be attributed to differences in
environmental settings, population density, WASH practices, and the age distribution of

participants.

The prevalence of S. haematobium infection in Dulshatalo (43%) was lower than the 57.8%
reported in 2007 (Mekonnen et al., 2013), although the mean egg intensity was similar (14.90 vs.
15.32 eggs/10 ml). In Kurmuk town, the prevalence increased more than fourfold (27.8%)

compared to the 5.8% found in 1996 (Birrie et al., 1995).
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These findings indicate that S. haematobium infection rates remain high in both villages, despite
MDA rounds conducted in 2015, 2017, and 2019 (Leta et al., 2020). This may be due to their
location on the Ethio-Sudan border, where transboundary transmission is likely, and the
community's reliance on nearby Shamade and Dinchaba rivers and dams for domestic activities
like bathing, washing clothes, and traditional gold mining. These practices increase exposure to
contaminated water, leading to ongoing infection and re-infection despite repeated treatment

campaigns.

Children and adolescents were the most affected age groups in this study, though multivariable
analysis adjusting for socio-demographics and open water contact practices did not find age to be
a significant predictor, differing from a population study in Tanzania (Manz et al., 2020), where
age remained significant. This discrepancy may be attributed to differences in sample size and

variables.

Participants who swam or played in open water had significantly higher S. haematobium
infection rates and mean egg intensity. However, while washing clothes in open water was
associated with high prevalence and significant egg intensity, it was not a key predictor of
infection. This may be due to detergent use and limited skin exposure during washing, as

suggested by other studies (Rudge et al., 2008; Zida et al., 2016).

Both sexes showed comparable rates of S. haematobium infection and intensity, consistent with
previous findings in Dulshatalo and other studies (Awoke et al., 2013; Hajissa et al., 2018;

Angora et al., 2019; Manz et al., 2020; Deribew et al., 2022a). However, some studies report

higher prevalence in males (Negussu et al., 2013; Senghor et al., 2014; Geleta et al., 2015),

while others indicate higher rates in females (Koukounari et al., 2009; Nkegbe, 2010).
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The agreement between S. haematobium egg detection and hematuria tested by dipstick,
accordance with other research (Birrie et al., 1995; Rudge et al., 2008; Ugbomoiko et al., 2009;
Koukounari et al., 2009; Bogoch et al., 2012; Deribew et al., 2022a) reinforces the urine dipstick

as a viable community level diagnostic tool (King et al., 2013).

6.5. KAP toward UGS in Abobo district, Gambella, Ethiopia

Understanding the factors influencing community knowledge, perceptions, and practices
regarding UGS is critical to effective, sustainable disease control strategies (Manderson et al.,
2009). Community-based research forms the foundation of successful interventions, as
emphasized by the World Health Organization (WHO, 2022a). This study investigates the
specific KAP of communities in Abobo, a UGS endemic area in Ethiopia with prevalence rates

between 22.2% and 35.9% (Geleta et al., 2015; Deribew et al., 2022a).

Knowledge and awareness

The study revealed a high level of community awareness of UGS (90.6%), surpassing awareness
levels reported in Ethiopian regions, such as Benishangul-Gumuz (Assefa et al., 2021), where
the disease is prevalent but poorly recognized. This finding aligns with studies conducted across
Africa (Kabatereine et al., 2014; Rassi et al., 2016; Sacolo et al., 2018; Nenzhelele et al., 2020;
Dejon- Agobe et al., 2021). Additionally, a significant proportion of participants (81.1%) were
able to recognize hematuria (blood in urine) as a primary symptom of UGS. This high level of
symptom recognition may be attributed to past infection experiences, as a history of infection

was significantly associated with awareness of UGS symptoms (P < 0.05).
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Knowledge gaps and misconceptions

Despite this high awareness of UGS, the community's knowledge of S. haematobium
transmission was inadequate. Many participants were unaware of how the parasite enters the
body, the role of snails in the disease's lifecycle, and the risks associated with unsafe water
contact and unhygienic practices. These knowledge gaps are consistent with findings from other
studies, such as in Gabon (Dejon- Agobe et al., 2021), where communities recognized symptoms
like hematuria but lacked an understanding of transmission mechanisms. Similarly, in South
Africa, Sacolo-Gwebu et al. (2019b) reported that while awareness and knowledge of the
symptoms were high, knowledge of the transmission cycle was minimal. Such gaps in
understanding transmission pathways can increase exposure to the parasite, perpetuating

transmission and contributing to high infection and morbidity rates.

Understanding of preventive measures was also notably inadequate. Only 15.9% of participants
recognized the importance of maintaining environmental hygiene, 26.8% acknowledged the need
to avoid freshwater contact, and 49.6% did not understand the risks associated with open-air
urination as a source of water contamination. These findings align with similar gaps reported in
other studies (Sacolo et al., 2018; Koffi et al., 2018; Nenzhelele et al., 2020), emphasizing the

necessity of increasing awareness of effective prevention strategies.

Misconceptions as seen in other studies (Sady et al., 2015b; Dawaki et al., 2015; Yirenya et
al.,2016; Koffi et al., 2018; Sacolo-Gwebu et al., 2019b; Mutsaka-Makuvaza et al., 2019b;
Dejon- Agobe et al., 2021) about disease prevention further showed these knowledge gaps. Some
participants erroneously believed that not drinking contaminated water, removing stagnant water,

or avoiding sunlight exposure could prevent UGS. These misconceptions and inadequate
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understanding of the prevention and transmission cycle of the disease highlight a lack of health

education and promotion of preventive measures in the research area.

Awareness of MDA

The study showed a high level of awareness regarding school-based MDA programs, with 81.1%
of participants being familiar with the initiative. This level of awareness exceeds that reported in
other regions, such as Benishangul-Gumuz in Ethiopia. Additionally, two-thirds of participants
reported that their families had received praziquantel through MDA programs, a rate higher than
those reported in Mozambique (9%) (Rassi et al., 2016) and Gabon (10%) (Dejon- Agobe et al.,
2021). This may show an effective advocacy of the program or be attributed to consistent MDA

campaigns conducted over the years, which should be sustained and expanded.

Attitudes on severity and prevention

The majority of respondents demonstrated a positive attitude toward recognizing that UGS is
preventable and treatable and its fatal potential, indicating a strong foundation for promoting
preventive behaviors and treatment-seeking (Ekpo et al., 2010b). However, only half of
respondents acknowledged that urinating near water sources contributes to transmission,
stressing a gap in awareness that could sustain the disease cycle (Mazigo et al., 2012; Lai et al.,

2015).

Risky practices and health-seeking behavior

Regardless of the community's primary drinking water source being public hand pumps, many
participants relied on dam or river water for washing, bathing, and recreational activities like

swimming, as previously reported (Deribew et al., 2022b). Additionally, open-air urination and
defecation were shared practices, further exacerbating the risk of transmission. These show the
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need for integrated control strategies to effectively break the transmission cycle in the study area

(WHO, 2022b).

Encouragingly, the study found that over 81% of participants sought medical treatment when
infected, reflecting positive health-seeking behaviors. This trend is consistent with findings from
Yemen (Sady et al., 2015b) and Gabon (Dejon- Agobe et al., 2021), where 81.1% and 78.2% of
participants sought medical care in health institutes, respectively. The perception of UGS as a
fatal disease (reported by 65% of participants) likely contributed to this behavior, as individuals
who view the disease as severe are more likely to seek treatment. This attitude and practice are
beneficial and should be reinforced to reduce transmission and prevent complications (Koffi et

al., 2018).

Factors influencing KAP

Formal education emerged as a significant determinant, with educated individuals demonstrating
greater awareness of symptoms (dysuria), prevention strategies (seeking treatment and health
education), and risk behaviors (swimming or playing in contaminated water). Educated
participants also recognized the role of urination or defecation near water sources in disease
transmission. These findings underscore the critical role of education in fostering informed
attitudes and practices (Mutsaka-Makuvaza et al., 2019b), aligning with similar results from
studies in Yemen (Sady et al., 2015b), where education was strongly linked to comprehensive
KAP, and in Nigeria (Dawaki et al., 2015), where formal education enhanced understanding of
contaminated water as source of infection and deworming as preventive measures. Furthermore,
Koffi et al. (2018) also highlighted that individuals with higher educational levels were more

aware of symptoms like painful urination and the risks of swimming in contaminated water.
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Gender differences also occurred, with male participants showing less knowledge about the risks
of freshwater contact, potentially explaining their higher participation in activities like
swimming, as knowledge is the foundation and a key factor influencing people‘s attitudes and
practices (Guang et al., 2018). A similar pattern was observed in prior studies near the Alwero

Dam, where males had higher exposure to freshwater (Deribew et al., 2022b).

Additional factors, such as age, occupation, and infection history, were found to impact
participants knowledge, perception, and risky or safe practices in the area and these findings

align with research conducted by Dawaki et al. (2015) and Angelo et al. (2019).

In conclusion, understanding the complex interplay of various factors across different contexts
in social findings is a challenging endeavor (Manderson et al., 2009). However, this study
enabled us to identify protective and risk factors influencing KAPs related to UGS. These
insights into the community's health behaviors can guide the development of targeted

interventions, particularly in designing effective educational messages tailored to their needs.

6.6. Limitations of the studies

To the best of our knowledge, this is the first study to provide molecular data on the genetic
characteristics of S. haematobium in an endemic region of Ethiopia. Nevertheless, the

interpretation of our findings should consider the following limitations.

The community and PSAC prevalence study utilized a single urine filtration from a single-day
collection, which may have reduced the sensitivity in detecting light infections, potentially
leading to an underestimation of the overall prevalence. In addition, molecular techniques, such

as PCR, could offer greater sensitivity than light microscopy.
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The study faced challenges in assessing intermediate host factors. Since it took place during the
rainy season, flooding likely displaced intermediate host snails from their natural habitats,
making their collection and analysis difficult. This constraint may have affected the study‘s

ability to fully evaluate the role of these hosts in transmission dynamics.

The KAP survey lacked a qualitative component that could have enriched the findings by

offering deeper insights into UGS.

The genetic analysis was based on a relatively small number of miracidia, which may limit the
robustness of conclusions regarding mixed infection/hybridization events. A larger sample size
would provide more definitive insights into the genetic structure of Schistosoma populations in
these regions. In addition, the lack of restriction enzyme analysis in ITS2 gene detection, which
could have improved the resolution and specificity of Schistosoma species characterization,
and sequencing, is also required for phylogenetic and haplotype analysis, warrants more

detailed molecular approaches in future studies.

103



Chapter 7: Conclusion and Recommendations

7.1. Conclusion

This study offers important insights into the absence of mixed infection even in areas where
both human and animal SCH coexist in UGS endemic regions. Despite the potential for cross-
species transmission, the findings demonstrate that no significant mixed infection or genetic
interchange. This aspect is critical for understanding the epidemiology of SCH in these areas, as
it highlights the persistence of the human strain of S. haematobium in an environment where
animal reservoirs may also be present. In addition, this study revealed the concerning prevalence
and intensity of S. haematobium infections among PSAC. Maternal practices, such as
accompanying children to open water sources for daily activities and engaging in unhygienic
behaviors, emerged as major contributors to the heightened risk of infection and associated
morbidity. Furthermore, despite the widespread endemicity and awareness of the disease in the
Gambella region, the level of understanding regarding its transmission, prevention, and control
measures remains critically low. Misconceptions and lack of practical understanding of
preventive measures perpetuate risky behaviors, thereby facilitating the ongoing spread of the
disease. Our findings also highlight the continuing high prevalence of S. haematobium infections
in Kurmuk town and surrounding villages, with children and adolescents disproportionately
affected. Despite repeated MDA initiatives, the high prevalence rates suggest that MDA alone
has been inadequate to interrupt transmission. The continued transmission is likely influenced by
environmental factors and the community's reliance on open water sources for domestic and
recreational activities. These results collectively indicate that the community remains entrenched

in a cycle of UGS transmission, with insufficient progress toward breaking this cycle. The high
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prevalence and intensity of S. haematobium infection, combined with inadequate community

awareness and continued risky behaviors, place the population at significant risk.

7.2. Recommendations

We forward the following recommendations, based on the findings of the study and the

conclusion drawn

v Including aged 2 years and older PSAC in annual PC programs, and adopt a test
and treatsl approach for children under 2 year to ensure targeted treatment.

v Investing in reliable water sources to reduce dependence on infested water bodies
and ensure access to safe water for domestic use.

v" Install low-cost, durable sanitation facilities in water accessible Areas

v' Expand and sustain MDA campaigns to ensure high coverage and participation
with a particular focus on high-risk communities and groups, where infection
rates and intensity are notably elevated and populations are vulnerable.

v' Community-based health education programs should be strengthened to address
gaps in knowledge about UGS transmission and prevention. Specifically, the
primary mode of transmission (contact with cercarial infested water) and the role
of the intermediate snail host in the transmission cycle. Educational campaigns
should emphasize the risks of urinating near water sources, the importance of
proper hygiene practices, and the role of environmental contamination in
sustaining transmission. Engaging local leaders, schools, and community health

workers in these efforts could enhance their reach and effectiveness.
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v" Promote cross-border collaboration with neighboring regions and countries to
control the trans-boundary spread of UGS through shared surveillance and
intervention strategies.

v" Further research should be conducted to explore the role of intermediate hosts and
environmental factors to better understand and address infection dynamics.
Further molecular studies in the area are highly recommended to see any changes
in parasite population and to determine the genetic polymorphism of
S.haematobium to understand the broader epidemiological patterns and inform
targeted control strategies.

v" Implement multifaceted strategies that include health education, improved WASH
infrastructure, regular screening, and community engagement to reduce ongoing

transmission and achieve the goal of SCH elimination.
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Annex 1: Study Participants’ Information Sheet
Title: - Molecular Characterization of Schistosoma species, Epidemiology, and Community

Knowledge of Urogenital Schistosomiasis in Endemic Regions of Ethiopia

Institution: Aklilu Lemma Institute of Health Research (ALIHR), Addis Ababa University
(AAU) Addis Ababa, Ethiopia. P.O. Box 1176, Tel: +251 11 276 30 91 Fax: +251 11 275 52 96

Principal Investigator: Tigist Mohammed (PhD Student)
o Institute: ALIHR, AAU, Addis Ababa, Ethiopia

o Address: P.O. Box 1176, Tel: +251 11 276 30 91, Fax: +251 11 275 52 96,
Mobile: +251 911 816 144

o Email: tgdeg43@gmail.com
Background information

Schistosoma haematobium is a parasitic worm that causes urogenital schistosomiasis, a neglected
tropical disease affecting millions of people worldwide, particularly in sub-Saharan Africa, the
Middle East, and parts of Asia. It is a major public health issue in Ethiopia, particularly in rural
areas with limited access to clean water and sanitation. The disease is endemic in regions like the
Afar Region, Benishangul- Gumuz and Gambella, where freshwater bodies such as lakes, rivers,
dam and irrigation schemes facilitate transmission. People become infected through contact with
water contaminated by parasite larvae released from infected snails. High-risk activities include
farming, fishing, washing clothes, and swimming. Despite mass drug administration (MDA)
campaigns using praziquantel, challenges such as population movement, poor sanitation, and
suitable snail habitats sustain transmission. Hence this PhD research project which will be
conducted by researchers from the Aklilu Lemma Institute of Health Research (ALIHR), Addis
Ababa University (AAU) and aimed to carry out molecular analysis ,epidemiological and KAP
study on S.haematobium infection in UGS endemic area of Ethiopia. This study has been
reviewed and approved by Institutional Review Board (IRB) of Aklilu Lemma Institute of
Pathobiology(presently Aklilu Lemma Institute of Health Research), AAU, ensuring that it meets

ethical standards for research involving human participants.
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Your participation is voluntary, and this information sheet provides details about the study,
including the specimens required, procedures, risks, benefits, and your rights as a participant. We
kindly request you or your family to take the time to read or have someone read to you and

ensure you fully understand these details before deciding to participate.

Objectives: To assess the epidemiology and community KAP, genetic profile, and population

structure of Schistosoma isolates from humans in selected UGS endemic areas of Ethiopia.

Study area: The study will be conducted in three Regions Ethiopia namely: Gambella (Abobo
district), Afar (Haruka district), and Benishangul-Gumuz (Kurmuk district). The study area is

selected because of UGS endemicity and their proximity to infested water sources.

Study Participants: The study will enroll preschool-aged children (1-5 years) to assess early
schistosomiasis prevalence, community members ( >5 years) for broader prevalence, household
heads for knowledge, attitude, and practice (KAP) evaluation, and children (5-15 years) to

characterize the parasite molecularly.

Specimens Required: A 10 ml urine sample will be collected from each participant. The sample
will be collected by trained and experienced technicians using standard, non-invasive
procedures. The process is simple, painless, and typically takes only a few minutes. The urine
sample will be securely transported to a designated laboratory, which may be located abroad, for
analysis. The screening will involve three techniques: Dipstick Test: A rapid diagnostic tool to
detect the presence of blood, Microscopic Examination: To visually identify parasite eggs under
a microscope and Advanced methods molecular Techniques:, such as PCR (Polymerase Chain

Reaction).

Risks Associated with Specimen Collection: The collection of a urine sample is a routine and
safe procedure. It is non-invasive and does not involve any needles or instruments that could

cause pain. There are no significant physical risks associated with participating in this study.

Confidentiality: Your privacy and confidentiality are of utmost importance. All information
collected from you will be handled with strict confidentiality. Your participation will remain
anonymous. Your name, address, or any other identifying information will not be linked to your
sample or test results. Data will be securely stored and accessible only to authorized members of
the research team. It will not be shared with third parties or organizations without your explicit

consent. Any published results from this study will be presented in aggregate form, ensuring that
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no individual can be identified.

Benefits of the Study: There will be no direct financial compensation for participating in this
research. However, if you test positive for S. haematobium, you will receive appropriate

treatment at no cost.

Withdrawal Rights: Participation in this study is entirely voluntary. You are free to decide
whether or not to participate. You have the right to withdraw from the study at any time, without
providing a reason, and without any penalty or loss of benefits. Your decision to participate or

withdraw will not affect your access to healthcare, treatment, or other services

Contact Information: If you have any questions, concerns, or need further clarification about

the study, please feel free to contact the principal investigator.
Principal Investigator: [Tigist Mohammed]

Phone Number: [0911816144]

Thank You:

Thank you for considering participation in this important research study. Your contribution will
help advance our understanding of S. haematobium and improve public health outcomes for the
community. If you agree to participate, please confirm your consent by signing the consent form
provided by the research team.

Ambharic Version of Study Participants’ Information Sheet

ANG+E +NAFLPT P NM AR Aeh,

a/8 it

CoN: PN NAUCH.P ™15 FATAT +PALT PANMAC NULLTT ATLMPOAE AT PUNZLTAN AdrbF?
AODANNT AT ATRL (KAP) NATE&P NAYCH.P N 7ENTFE hAkT

+2g: ARAAA AT AINETRT A& TRNEARE (ALIHR)T ASN ANN RLACAL (AAU)T ASN ANNT AFPR P
77.0.k: 11767 NAN: +251 11 276 3091F &nN: +251 11 27552 96

Pq +apsLaqs: Nt aeyae e (PNt 4T +91Y)
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+&9P: ALIHR, AAU, A8.0 ANN, A FE4 P
A& A 7.0.%.1176, NAN: +251 11 276 30 91, 4-NN: +251 11 275 52 96, TNLA: +251 911 816 144

A4\ tgdeg43@gmail.com

PMG+k 84 Schistosoma haematobium 2U TUPNLT NAYCH.L PaNA NAF PRPANTA AUPTF 2U
NAF N+AL NT0-N-NYe A&ZNT ChNATD 9PN AT NANP N&EAT @ND MAPCPTT APT POR98
1z NAFEEPT 2U NAZF NIMC ANNNPT @O I6-U @Y AT PG AMNNP A74%A+F NMI°
PHeha>NF@ NFPTF NP FAP PMT FoIC 10 NAFO NAGCT LTATFA-FIH AT ITPNA DAAT
@AM N+AL 07T ALY BUTR NALSTT MIHFT 9&NF AT PHALR PO-Y IoigTF P+IPANTFD-
NFPF AL P 7% 1@ APTF NHUPNLF hPAT (larvae) PHIA @Y AT AT AT NAFO- EHFPA:
ATL T qu @mao et AN MM AT PTF PA NA&T @Y PMLITTF PAGATPNSAPT ANAFO-
M IADT TP L

NTEHN A (praziquantel) PARLAM: PEIRA URIRT HARFPF NF4IPT PUHN dRFIAPAT PF6-U MY
At AT ATUPNLF a24NT DM, PP (snail) PLAYCHL BA+C AT PO-Y 9Pt NORF LT
NAFD AT18PMA LLCIA: NAHUT U PRATLT FPC9C TCEAT NARAA AT AINtTeT A&
T¥NCAE (ALIHR) AT A8N ANN RLNCAL (AAU) N+A+4 +aDlm/PF NATEC&P U NASF
N, 75NF@> NAT N PPRANG-AC F7F+1T PATLEMCAE MTF AT PUNLTAN Ad-bT?
AMANNT AT ATRE (KAP) MG+ ATINYLE PAMD 1M U MG+ NANAN ATY A TN TeT A& TFNE NS
(ALIHR) PA27 9oINC haq 4 (IRB) T4 AT AT H4.PL AT LU NPTFTF PR PNFF JRCIRC 21 FRoINLP
N CHFT AR PARA P2 IIMA:

PGk GAM: PGk PG GATH N FER S DN NHTE NLAYCHLP (PDAL AhA NAYCH.P) NT975NFa-
NAAT @AM PNRFDT NCo+E PUNZHATN AD-FT AARANNT AT AGRL: (KAP) A8 U-T° P+HUPH P
PE.4th NULPF AGRADCAD( yns:

PGk +AFLPT PAM-T OLET L&F: NHU DT AR OOA+E dA £ $LATT AL
PHawt 1@ AAUTIR NAREARL P NG+ AT Y +4 & LLAHPT NTFUTT ATMESAT:NHY
MGt AMA+E NP8 ANN 1P LbP PUA ADPEPT AR BAM-TA: NHLIR 10 TA, AFC
PATT TO™F LAMGA : §aGm- NA>P+55F LANANA AT ML ANGFE +MAL RARZARLA::

PRG+k +AFLPF: NHU DT AP PAYA+ET NIFPNA (ANN ML8) A4C (U4h mL8) AT
NIATFA-FAH (RCA™h @Z8) NART NS PA 1PLPT LUPSA =

NG+ NAA+E Pagaom 1.8%: PG+ +AFL NARUPF 2190 F9C LNAFA +Nie
AR MNPIR::
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N®5+ NAA+HE P95 mPIo: NG+ NADA+E FRRTLT PaR7% P7THN MLITD AA M& IR PAGR:
19C 917 PACH MPIR PAE NHU MFt @AM A+E NG+ NAYLHL NH7TPNT f N1’ Uh9eq
LAMPHFA:NHUI® +TE $LI° NAe MDP AT TYNIR N+HUPALF IC P+LPH @NNAN YdeaeTy
ATPNANA R84

PAMCY NATMNP: N DG+ @-AD P+HANAMNT TTFD-I° JAP A0/ EPF M APy FFM- P+MNP
LUTA: NAOYHP IC N +0 PH T PATFM AOZEPT ATRAA NIRT AA 11CF NG+ MMt AL
K2 N+Fge::

hag+ NAPO-MTT AAMRZM: LU DT NELPLAIT AL P+MPAL+ ATLODPR DM NR5FM-9
3T NLPLP NG+ MDMF LFAA: Ng+ NOMI® A7 NMITOID PMG +Fa> paRIA9A
a$ e+mNP 0L

mPe NAPT: NG+t IC N+HLPH MTFDI° mPE NFLP AL NtMPAM ALEA TALT AMG+
+0DL.a9/PF MPRPTY Ab /) L FAA::

AOPAITAU-!
2UT T AMATE NDAE NBAT PP L BCT°P NARLLTR £ L &P PAD-R=:

Annex 2: Consent form for Participation

Name of the Participant:

Age: Sex:
District: Kebele: Code:

| understand that and got adequate information about the research, Molecular Characterization
of Schistosoma haematobium, Epidemiology, and Community Knowledge of Urogenital
Schistosomiasis in Endemic Regions of Ethiopia.l, or my family, may be requested to provide
a 10 ml urine sample and participate in an interview as part of this study on bilharziha. The
researchers have informed me that there is no risk associated with participating in the study,
providing the requested samples, or taking part in the interview. | acknowledge that the results of
laboratory diagnosis, as well as any information shared during the interview, will be used solely
for research purposes, and all information related to myself or my family will be kept strictly
confidential. I am fully aware that participation in this study is entirely voluntary, and | have the

right to withdraw at any time without providing a reason. Additionally, | understand that
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choosing not to participate will not affect my aaccess to medical care or any other benefits. |
confirm that | have been provided with all necessary information, that | have had the opportunity
to ask questions, and that my concerns have been addressed. This informed consent form has
been conveyed by the language that | fully understand. By signing below, I voluntarily agree to
provide a urine sample and participate in the interview for this study.

Name of Participant: Signature: Date:

Name of Researcher Obtaining Consent:

Signature: Date:

CONSENT LETTER: Ambharic version

PGk +AFLPF PAICIRI T dooAsh, (6LTMPTFMm 18 AT hH
NAL AU'F)

P+NFm N9 oL 2

Ab N3 DAL PtMeA@ LUT T PAAMT@ N NAUCHL M1& FATAT +PHPT ATanFyt
PNAE NAFPF DG+ NTNLENT NF NPT BLE AL AT8A AT PAUNZAN OD-$F ATIDP
ATBUYT Nk aoZ8 +AFETA: NASL MEIR N+HANE PG+ +0FL ATRPT N+ $ARMLP
ATRAYMPE AT 10 A &+C PRYE §09 ATLMAM +IARATA: PHMPLTY FaTPT.
NAEAMT MLIR NPA ME: M-AM NARA+E GYID RETFH h8J ATLMLIMaDT
TITHALLAL: PANGTE JRCARE O-MAF A8 IR NPA PMPE MPF P+I4 THIFD-9o
/8 AMGTFPR IAMPF NF ATRLMMA ATRUI® Ar @LI® N+ANE N+aPAh+ PAD-
MIF@-g° A/ B NN MADC ATLMLH +Z&FAM:: NA MG+ NTRINT dDY7L 7A9
N+2274%5 N8R AR NAINM AT8ANNT TH N+AMT NZA ATLH U9 9148 LAUF 17CFT
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PAOMPST NLANI® NTYIFM-I° 1H PATRA+ES PAOR/m ddN+t P+MNd PR I+HIARAT A
NHU NFTF NARLLZI® NG+ ATRA+E £ LT PLY AZ,ITMAU::

P+AF4 M NI
%

&CM

P+AF4 MY T J768 PHENAD AL NTP
+7 &M

PGk +AFLPT PAIRIRYE dRojAeh, & (0L PFM. N 18 NFF AU

P+AFL D UK N+HAN/ANST AT _
0g&m R>

At NTQ DAL P+MeAm N NAUCHP D18 FATAT +PALT ATNEIF PR NA+ NAFPT DT+
NMNLENF N> NPT 828 AL AT8A ATIMSP NATYLLLIM. MG N ABZE P+AMT AT AT,
PGk +AFL ATUPT NHATIT/F SATMES ATLIOMPS AT U-9° 10ml P @Y A7t qag
AE ATLTAM/ATRICTAMD +1ARATA: AL, NG+ NAPA+E/NARA+4; TR PF
ALCANF/ALCANT PORFA FC ATLAATS +1ARATA: N+HeTILID PARANANG- §a™G
NAUCHP ™77 FATAT +PNET ATINTTF PRNA+® NAFPTF MTHT PCIPC NF ATLTMLA
+7AR4A54A: NAL AT NAE IC ¢d+5 77 PATM 11CF A1R NP PARAANT NTLAM.C
A2 PHT NG+ MMt AR ATRMEL F+9° +1ARATA=NMG+ OA+E dA AT
NELLATH AL P+aoAZ+ U +7ARAFA:= NAHU AE NdT+H ATSA+E/ATLSTATE
aAaqag£Y N4CTMR AZITMAL

164



Pt+AFLm UK NI

2>
6gam
BN NS+ AA+E £ S LT TU/TH?
1. AP AMA+E £ PLT 15
2. h& A™A+§ £ LT RRLAU9
e+AFLMm URTY N+HNAN/ANS A9
$% &CT

PHAFLDT URTT NHAN/ANGT MLIT160, 2A PHPNAD D AT
LM S b

Annex 3: Questionnaires

Questionnaire 1: Developed for the Study — Schistosoma genetic profile and genetic diversity in

urogenital schistosomiasis endemic area of Ethiopia

Code: No

Region Date / / altitude \latitude

Part I: Socio-demographic Data: Please kindly provide the following information.

Q. No. | Questions Variables
Sex 1. Male
2. Female
Age years

Kebele /villages

Number of miracidia

165




Date of collection

Dipstick result

Microscopic result

Questionnaire 2: A questionnaire developed for the Study on the risk factors for Bilharzia
exposure among preschool-aged children (aged 1 to 5 years who provided urine samples),
collected from mothers or caregivers.

Code: No

Date / /

PartI: Socio-demographic Data: Please kindly provide the following information.

No. Question Response Options Skip to
1 Locality/Kebele Name:

3 Child's Gender: 1. Female 2. Male

4 Child's Age:

5 Mother's/Caregiver's Age:

6 Mother's/Caregiver's Education | 1. No formal education 2. Can

Level:

read and write 3. Primary
education 4. Secondary
education 5. College/University
6. Other (Specify)--------

7 Mother's/Caregiver's Marital 1. Single 2. Married 3. Widowed
Status: 4. Divorced
8 Mother's/Caregiver's Religion: 1. Orthodox 2. Muslim 3.
Protestant 4. Other (Specify)----
9 Mother's/Caregiver's Ethnicity:
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10 Mother's/Caregiver's Occupation | 1. Farmer 2. Farmer & trader 3.
(Multiple answers possible): Daily laborer 4. Housewife 5.
Government or private
employee 6. 7 Housemaids.
Other (Specify)------
11 What is your main source of | 1.Borehole/Pump 2.
drinking  water?  (Multiple | Dam/Water reservoir 3. Well 4.
answers possible): Tap water 5. River 6. Spring 7.
Pond 8. Other (Specify)-------
12 Do you have a latrine/toilet | 1.Yes 2.No

facility at home?

Part II: Open water contact and sanitation practice of Mothers and PSAC

1 Do you use water from a reservaoir, river, well, or | 1. Always 2. Sometimes
spring? 3. Never
2 For what purpose do you use water from these | 1. Bathing 2. Swimming
sources? (Multiple answers possible): 3. Washing clothes 4.
Watering animals 5.
Other (Specify)--------
3 Do you take your child with you when you go to | 1. Always 2. Sometimes If no got
collect water or wash near a river or reservoir? | 3. Never toQ6
4 Does your child play or bathe in river or | 1. Always 2. Sometimes
reservoir, water? 3. Never
5 When your child plays or bathes in river or 1. Always 2. Sometimes
reservoir water, do they submerge themselves? | 3. Never
6 Where do you and your child urinate when you | 1. Nearby bushes 2. Near
visit a water source? (Multiple answers or in the water 3. Return
possible): home 4. Other (Specify)--
7 What type of water do you use to bathe your | 1. River water 2.

child at home? (Multiple answers possible):

Reservoir/Dam water
Pond water 4. well or

3.

Pump water 5. Other
(Specify)-----
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child at home?

Do you prepare warm water for bathing your

1. Always 2. Sometimes
3. Never

Questionnaire 3: Developed for the Study — Community Knowledge, Attitude, and Practice about
Urogenital schistosomiasis in Abobo, Ethiopia

Name

Date

Villages

/ /

Dear study participants, please kindly provide the following information.

Section 1: Socio demographic Information

No.|Questions Response options Skip
1 |Whatis your name?  |---------m-mmm---

2 |Gender 1. Male, 2. Female

3 |What is your age? (Open-ended)

4 How  many fam”y(Open-ended)

members do you have?

What is your level of

1. No education, 2. Can read and write, 3. Primary

5 . education, 4. Secondary  education, 5.
education? .
College/University
6 |Marital status 1. Single, 2. Married, 3. Divorced, 4. Widowed
7 What is your family‘s|l. Below 500, 2. 501-1000, 3. 1001-2000, 4. 2001-
monthly income? 3000, 5. Above 3000, 6. Other (Specify)
. - 1. Orthodox, 2. Muslim, 3. Protestant, 4. Other
f) ) ) H
8 |What is your religion? (Specify)
. .. 1. Aguak, 2. Nuware, 3. Mejenger, 4. Kanbata, 5.
9 |Whatis your ethnicity? Ambhara, 6. Oromo, 7. Other (Specify)
1. Farming, 2. Farming and trade, 3. Daily laborer, 4.
10 |What is your occupation? [Houseworker, 5. Government/Private employee, 6.
Housewife, 7. Other (Specify)
11 What is your source ofil. Pump water, 2. Spring/River water, 3. Well water,
drinking water? 4. dam water, 5. Other (Specify)
1. Thatched roof, mud walls, and mud floor, 2.
12 Vgﬁ?tf;m? OI];VZOil:]S,)e doesCorrugated iron roof, cement walls, and cement
Y y ' floor, 3. Other (Specify)
13 |Do you have a toilet? 1. Yes, 2. No If no goes to the

next section
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14

If yes to question 13,
what is the floor made
of?

1. Wood, 2. Mud, 3. Cement, 4. Other (Specify)

Section 2: Participants’ Knowledge about Bilharzia (Schistosomiasis)

No.|Questions Response
1 H_ave _you heard abOUt1. Yes, 2. No (If No, skip to next section)
Bilharzia?
5 If yes to question 1, where (1. TV, 2. Radio, 3. Newspaper, 4. Friends, 5. School, 6. Family,

did you hear about it?

7. Health institution, 8. Other (Specify)

What are the symptoms of

1. Blood in urine, 2. Abdominal pain, 3. Cough, 4. Fever, 5.
Burning sensation during urination, 6. Nausea, 7. Vomiting, 8.

3 Bilharzia? Swollen face, 9. Fatigue, 10. Loss of appetite, 11. Diarrhea, 12.
Don‘t know
1. Drinking untreated water, 2. Swimming/Playing in
4 |How is Bilharzia transmitted? \contaminated water, 3. Eating contaminated food, 4. Other
(Specify), 5. Don‘t know
How does the Bilharzia |1. Through the skin, 2. Drinking contaminated water, 3. Eating
5 |parasite enter the human |contaminated food, 4. Contact with contaminated soil, 5. Poor
body? hand hygiene
6 \What transmits Bilharzia? i.ngvr\llails, 2. Flies, 3. Mosquitoes, 4. Other (Specify), 5. Don‘t
Has anyone in your famil
! been aff){acted by éilharzia? . Yes, 2. No
8 |Can Bilharzia be treated? 1. Yes, 2. No (If No, skip to question 10)
9 If yes to question 8, how can |1. Traditional medicine, 2. Modern medicine, 3. Buying
it be treated? medicine from a pharmacy, 4. Other (Specify)
10 (Can Bilharzia be prevented? |1. Yes, 2. No (If No, skip to question 12)
11 If yes to question 10, how |1. Tgkin_g medicine, 2. I_—Iealth education, 3. Hygiene, 4.
can it be prevented? Vaccination, 5. Other (Specify)
Have you heard about the
1 [School-based dug s ves, 2. No
distribution program for
Bilharzia control?
Do your children participate
13 |in this drug distribution |1. Yes, 2. No
program?
Which act|V|t|e§ _mvolvmg 1. Washing clothes, 2. Crossing rivers barefoot, 3. Swimming,
14 |water are transmission routes

for Bilharzia?

4. Bathing, 5. Other (Specify)

Section 3: Participants’ Attitudes and Practices Regarding Bilharzia
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No. |Question Response Options
1 Is Bilharzia a deadly disease? 1. Yes, 2. No, 3. Don‘t know
5 Can Bilharzia be treated? 1. Ye_s, 2. No, 3. Don‘t know(If No, skip to
question 4)
3 If yes to question 2, how can itheg
treated?
4 Can Bilharzia be prevented? 1. Ye's, 2. No, 3. Don‘t know(If No, skip to
question 6)
If yes to question 4, how can it be
LN (R A ettt L ettt AU
prevented?
Do you think urinating\defecating in
6 fields or near water sources is al. Yes, 2. No, 3. Don‘t know
transmission route for Bilharzia?
7 Where do your family membersl. Private toilet, 2. Shared toilet, 3. Under
usually defecate\urinate? trees/fields/riverbanks, 4. Other (Specify)
8 [.)0 you or your children swim N, Yes, 2. No (If No, skip to question 10)
rivers/dams?
9 If yes to question 8, how often? 1. Always, 2. Occasionally
Do you or anyone in your family
10 who has been infected with |1. Yes, 2. No(If No, skip to question 12)
Bilharzia?
If ves to question 7. what solution 1. Traditional medicine, 2. Modern
11 didy ol se2k7 ’ medicine, 3. Buying medicine from a
y ' pharmacy, 4. Other (Specify)
12 What do you use dam\river water |1. Washing clothes, 2. Swimming, 3.
for? Bathing

Questionnaire 4: Developed for the study —

district, western Ethiopia

prevalence of S. haematobium infection in Kurmuk

Name of Participant: No

Village Date

/ /

Part I: Socio-demographic Data: Please kindly provide the following information.

Q. No. | Questions Categories
1 Sex Male
Female

170




2 Age years

3 Ethnicity

4 Religion 1)Orthodox 2)Muslim  3)Protestant
4)Others(specify)

5 Educational Status 1) Not reading or writing 2)Primary|
3)Secondary 4) College or university

6 Occupation 1)Farmer 2)Student 3)Housewives 4)Merchants
5)Daily laborers 6)Government/private employe
7)Others(specify)

7 Residence/kebeles 1)Dulshitalo 2)Beleho-J 3)Ougundu 4)Kurmuk

8 Presence of toilet at home

1) Yes 2)No

9 Drinking water source 1) Pump 2) Open water

10 Swimming habit 1) Yes 2)No

11 Washing clothes in open water 1) Yes 2)No
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PATHF/IPANSLPTF 10/

9 | PATHTF/PANSLPT 1.1Né 2.1 AS 198, 3.P¢T AetE 4. PNF
AL(MATE NAL AN AL+ 5. PARYINF DMLY P9 +PM( 6.

ASFC &FAQ) PNF AdONF YA Y T —

10 | paomy @Y heH 1.eQ70 /7T @Y 2. P9L )/ MY THYML-bm, P
FIEATU ML9o 3. Prd ™Y 4. PADNG MY 5. P@™YH @Y 6. ¢
FMPMATU? (NATE IOy spe M-Y
NAL @RAN ASC £FAA

£ AFC ETAG) 7.01E32 @Y 8. PMYH, POL AST Pre @Y 9. AA--

11 | Aich® aea8E/AY N 1. AP 2. he
AAPT

12 | haen/noyH/nhré 1. AP A 11 2. AP h1878, 3. Al
IOy 6pe oY
Mo PAUR/FPERAR

13 | P92/ @YH/ bl 1. 1A% AGP M- 2 . ADPF 3. 4NN
goYepe MY AGRY GAAY/ ATHMN
goRT 0T TMPMLAUR/ | 4. ARATNNF PO MMt @Y A a3 S+ 5.AA--—---

ML FLEAAR/(NATE
NAL GRAN AFC £FAQ)

14 | me 9eN/oYH/NeG | LAPT VA 1H 2. AP 1878, 3. AP A" NUPY
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Current Status of Urinary Schistosomiasis Among
Communities in Kurmuk District, Western Ethiopia:
Prevalence and Intensity of Infection
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BACKGROUMND: SchistoscmiEss 5 & highly prevalent but neglecied opical digeass, partcusarny In sub-Sanarsn Africa. In Einiopla, ura-
genital echistoeomiaeis due to Schistosoma isamatobim hag bean known io be endamic In eeveral iowiand Bress. Thiz shudy was designed
o delesming e curment FI'IE'I'E]E'HH and .'I'Eﬂﬁ[]' ol the url:gw echisioeomiasis: amuong communities In Kurmuk Disirci, wesiem
Ethiopla.

METHODS: Lvine Ilration technigqus and unne dipstick test weare used o screan for 5. heameiotim eggs and hamaiuria, respaciively. Tha
aals were analyzed with SFES version 23. Logisic regneesion and 0oos ralio were used b measuwre ss=0ciaiions and sirangin Delwesen pray-
alenca, Intensity, and Indepssnoent variebles. P-values <06 gl 965 Cl wara coneiderad stabistically significant.

RESULTS: The overall prevalence of 5. haemalobium nfection a5 determined by wine fitrabion was 34, 2% (138/403). In bivarate analysis,
the most Infected (45.4%) Bge groups were & i 12years (odds ratho [OA] - 416, 86% Ck 1.36-12.67). fallowed by 13 o 20years (0 -3.23,
95% Ck: 1.01-10.35} with higher significant mean egg count (MEC). The mesn egg intensity ranged from 2.38 In Ogendu {Cl: 1.06-3.73) to
14.1 In Duishatsi {CI- 4.98-23.12) vllages. The maln pradicior of INlection was swimming habits (adjested odds rEto [AOR] - 2.43 [C1: 1.19-
4.04]). The prevaience of hematuna was 30.2% (168/403), the odde being 2.64 timas highar among participants who resided in Dulshatsko
than thosa whio FeEi0ed N KUrmuk (ADA 2.64 [05% CI: 1.43-4.87], P= 004).

COMCLUSION: To reduca he Infaciion and imemupt transmission, the PC In place In the anea using P20 ehould be strengthened and con-
tinued, slongsice with provision of eaniisry TacliRles, sale alemalbive waler supplies and health egucsbion. Tha Federal Minisiry of Health of
Elhiopia should aleo collaborate with the health suthorties of the Sudan gowamment for the control of trans-boundary trensmizeion of the
dissasa ag the ransmission ool ane shamed betwesn he 2 countries.

KEYWORDS: Urinary schistosomiasis, prevalence, intensity, Kurmuk district, Ethiopla
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Introduction
Schistosomiasis 13 3 highly prevalent and 1mporant

through the urinary stream, egps transit through the bladder
mucosal Ossue cawee substantial damsge and mitiate granuloma-

neglected tropical disease in sub-Saharan Africa, the main
burden of the disease being attributed to Schinferoma mrae-
somi and 8. haematobinm. 't 8. feematobive 15 transmitted by
freshwater snall zpecies belonging to the genus Budfimas,
which contains around 36 specles within 4 species groups.?

IDnsezse owtcome In persons Infected with 8. Secmatobium
varies dramatically, anging from mild to severe damage of the
ladneys andfor bladder** The charactenistic ciinical presents
tion 15 terminal hernsturta, usislly sssoctated with increased fre-
quency of mictuntion and dysurta.® The pathology of unnery
schistosomiasts 1s primartly caused by the eggs lad by female £
baematobium adult worm residing in the venous plexus of the
bladder and other pelvic organs. On thelr way to exiting the body

tous Inflammation that can progress over many years to compli-
cattons Inchiding: fibrosts and bisdder cancer. ™

Genttal schistosomizsls 15 also common In zreas endemic
for urinary schistosomizsls in both fernales and males. Females
2re more prone to the disease and may resolt In serlous
cations Including ectopic pregnancy and infertility®0 and this
complication develops in 33% to 75% of Infected fernales ' In
addinon, female genital schistosomiasis 15 suppested as 2 nsk
factor for HIV transmission. 1012 There are also indications that
cervical schistosomibasls leslons could become cofactors for
HPV-cervical cancer. ™3¢

Urogents] schistosomiasts has been known to be endemic
1n several lower altitude areas of Ethloplx in Afar, Gambella,
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Assessment of Urogenital Schistosomiasis Knowledge,
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Giambella Regional State, Southwestern Ethiopia

Tigist Mohammed?.2

. Abraham Degarege®, Mulugeta Aemearod,

Erwirormedmal Hoakh insights
Waluma 1= 1-11

& Tha furthar{s) 2024

Asticle reusa guidsdines:
sagepub.comdipumals-parmissicons
00z 1EL 11771 1 FEESne 241234731

5 Saga

Abebe Animut!, Yohannes Negash! and Berhanu Erko!
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FEINicplan Catholc UNIVersiy, Addis Abeba, Eficpla. S0 epanment of Epemiciogy, Collage of
Publc Health, Uintversiy of Mabraska Madical Canter, Omeha, NE. USA. *Department of Medcal
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ABSTRACT

BACFKGROLUIND: K.I'IMHEIEB =1l | ml‘ﬂuﬂﬂj‘ awarsensse and PI'BIIEEIS reldtad 1o 6 dSEESs, amang othar [hll’gﬂ_ ﬂﬂlpﬁ 1o FIlBH ralesant
comrol strebegles. This study assessed the knowledgs, atibude, and prectces [KAPS) of the communily In Abobo district of Gambela
Reglonal Staba In Southwesiern Elhiopia about uroganital schisioeomiasks (LGS). which k2 endemic bo tha reglan.

METHODS: A community-bassd cross-sectional study was conducted In 2022, A pratested struchured questionnalne was edminksiersd.
Multiveriable logistic regression was used bo examins faciors assoclated with KaPs vanables.

RESULTS: Most study participanis [910.6%) respondsd they hewe praviously heard of UGS, Owver O5% of the parlicipants knaw at least 1
symptom of UGS and 20% knaw the ransmission cycle. Aboul 15.9% and 26.8% knew keeping ervinonmantal hyglens and refraining rom
ueing carcerlas Inested waler, as prevantive mathods, respactively. Over hal of the particlpents (50.1%) dizagread or did not know that uri-
nating closs 1o the rvaridam waler contribubas bo tranemission, and almost 8l participanis had contact with the dam/Tivar waber In ona way
or BNoiher. EQUCENCN StEtUE and RIEToNy o Raving 1he INFEcEion wWers 1he key Significant comslatss of most KAPE warliables.

CONCLUSION: Most of the community members had poor knowledge and aithudes about the mode of irensmission and praventlve meas-
uras of UGEE. Thug, basldes school-Dessd mass drug adminisration (MDOWL UGS comrol SMorte Inths reglon eENould Inconeorats heain eou-
catlon In conjunchon with 2efe waler supplles, and proviglon of =aniary fadiities o effactively reduce the fraremizzion of the diseasa.

KEYWORDS: Knowledge. attiuds, practice. uragenttal schistceomilasie, Abobo. Gambela, Ethiopia
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Introdoction
Schistosomiasis is one of the neglected tropical diseases
(NTDs) caused by blood flukes of the genus Scbisesonsa. There
are & main species -D\:I:_Snémm that can !.n.ﬁcr humans,
namehy Sob E &, f & 3 Fod
mekongd, 8. infercalatum, and 5. guincensis. Schistosomiasis is
estimated to affect over 220million people globally, with an
annual mortality rate of approcimately 11 7921 Sub-Saharan
Adrica beams the highest burden of the disease, with @0L6% of
individuals requiring treatment 2=

The World Health Organization {WHO) has targeted
schistosomiasis for elimination as a public health problem
by 2030.4 To achiewve this goal, the WHO strategies include
preventive chemotherapy of at-risk groups, increasing access
to safe drinking water, and improved sanitation, hyglens
education, environmental improvement and intermediate
host controel 24

Schistosemiasis 1s one of the MTDs that the Ethioplan
Federal Ministry of Health has designated as a priority for

control and elimination. According to a national survey of the
country,® 265 districts are endermic for schistosomiasis, and 14
million school-age children need regular deworming through
mass drng administration (MDWA) campaigna Intestinal schis-
tosomiasis caused by 8 oo 18 widely distribured in
Ethiopia, iIncluding Addis Ababa 57 whereas LGS cansed by 8.
Baematobinm has been known to occur in lower areas below
200 m above sea lewel in Afar (Amibara district), Gambella
{Abobo district ), Somalia {Afder Gode zone) and Benishangul
Gurmurz (Kurmmk disirict) megions £ However, despite the
high burden of TIES in Ethiopda, there is limited information
on the commumnity’s KA Ps regarding the disease and irs pre-
ventlon and control mechanismes.

MDA in Ethiopia was launched in 2015 to control hel-
minths infection-associated morbidity by reducing moderate-
to-heavy intensity infections. In additon, the NTD secror,
which focuses on preventive treatment, and the Water
Sanitation and Hyglene (VWA SH) sector have been established
to break parasite transmission and reach elimination. S22
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Schistosoma haematobium infection and associated risk factors
among pre-school age children in Gambella, Ethiopia

Tigist Mohammed =", Abraham Degarege °, Mulugeta Aemero 9, Abebe Animut 2,
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ARTICLEINFO ABSTRACT

Eeaywords:
FPraschool children
5. Haematobinm infection and risk factor

Background: Schistosoma haemaiobium can infect and cause morbidity in pre-school age children
(PSAC) and due to its gradual nature, often goes unnoticed in its early stages and can result in

bella long-term irreversible comsequences during their most productive years, This study aimed to
Ethi E determine the prevalence, intensity, and associated risk factors of 5 hgematobiwm infection among
iopia

PSAC i Gambella Ethiopia.

Method: A cross-sectional study was conducted from July to August 2024 among 390P5AC in four
localities in Gambella, Ethiopia, Urine specimens were examined microscopically and with uri-
nalysis reagent strips, Data on associated factors and socio-demographic characteristics were
collzcted from the PSAC mothers/caregivers using a structured questionnaire.

Resuwlt: The overall prevalence of 5 haematebium infection was 16.7 %, of which 20 % (13/63) had
heavy-intensity of mfection, The prevalence of macro and mictohematuria were 7.9 %, and 262
¥s, respectively, The prevalence of mfection was significantly higher ameng PSAC whe wvisited
open water sources (90.8 %, P < 0.001), bathed in open water (89.2 %, P = 0.004), and urinated
i open water (822 %, P = 0.004), 25 well 25 among residents of Abare and Tagmi willages (72.3

%, P < 0.001) and who had mothers with no formal education (81.5 %, P = 0.006),_ The odds of
infection were higher among children who played or bathed in infested water (AOR: 2.9, CI: 1.0-
8.1) and those living in Abaro village (AOR: 43, CI: 1.6-11.9) compared to those who did not
engage in these behaviors or lived m other villages, respectively.

Conclusion: The study showed that S haemarsbium infection is prevalent among PSAC in Gambella
region in Ethiopia, and contact with an open water while playing, bathing or urinating may in-
crease the risk of acquiring infection with the parasite in this population group, These findings
will contribute to a better understanding of the epidemiclogy of the disease azmong PSAC.
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Annex: Photos

Photos from Benishangul Gumuz sites

River between Sudan and kurmuk boarder
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Photo from Gambella sites
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Photo from Afar sites
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